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ABSTRACT

The introduction of the Teaching and Learning Mathematics and Science Subjects in
English (PPSMI) policy to change the medium of instroction in mathematics and science
subjects from Bahasa Melayu to English has raised many debates on the effectiveness of
the policy and the ability of the schools, teachers and pupils to adapt to the new medium of
instruction. This study evaluates the implications of the PPSMI policy for the school
performance in mathematics and science subjects. The school performances before and
after the implementation of the policy were assessed and compared according to school
types, states, and locations by developing an advanced technique in measuring school
efficiency based on hybrid returns to scale (HRS) data envelopment analysis (DEA). A new
methodology of measuring change in performance over time based on the Malmquist index
was also developed to measure the difference in performance before and after the
implementation of the policy. The aim of developing the methodologies is to provide an
alternative assessment of the implications of the PPSMI policy for the school performance
in mathematics and science subjects thus helping the Ministry of Education Malaysia to
decide on the direction of the PPSMI policy.

The HRS DEA model is a new extension in DEA based on the concept of selective
proportionality in the relationship of input-output variables. It gives a better estimate
compared to the original convex models, the constant returns to scale (CRS) and the
variable returns to scale (VRS), when some of the inputs and outputs have proportional
relationship while others do not. In this study, an HRS-based DEA model utilising 10
inputs and 8 outputs was developed to assess the efficiency of schools from three states i.e.
Kedah, Penang, and Perlis. The schools comprise of three different types i.e. the national,
fully residential, and religious school-types. The efficiency was also assessed by using the
CRS and VRS models to compare the results.

The Malmquist index is a popular productivity index for measuring efficiency over time.
The Malmguist index can be calculated from the CRS-based or the VRS-based DEA
efficiency scores. This study developed a new productivity index called the HRS-based
Malmquist index. This is similar to the VRS-based Malmquist index but the calculation of
the index is based on the efficiency scores from the HRS DEA model.

The efficiency scores and Malmquist indices of schools in different categories {i.e. school-
types, states, and locations) were tested for significant difference by using nonparametric
statistical tests. Nonparametric statistical tests were used due to the nonparametric nature of
DEA. The statistical tests used in this study are Mann-Whitney U Test and Kruskal-Wallis
Test to look at independent samples such as samples from different school-types, and
Wilcoxon Signed Ranks Test and Friedman’s Two-Way Analysis of Variance to examine
dependent samples such as the difference in performance before and after the
implementation of the policy.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In the era of globalisation and information explosion in science and technology, English is
seen as a universal language, which must be acquired fo be able to gain knowledge and
compete effectively (Gill, 2005). English is widely used in educational institutions and
most of the reference materials for science-based courses in the universities are published
in English (Pillay and Thomas, 2004). In fact, it has been estimated that 80 percent of all
scientific and technological publications in the world today are written in English (Ramlan,
2009). To ensure that students can obtain the latest development in science and technology
from various sources especially from the internet, the Ministry of Education Malaysia
(MOEM) had introduced a new policy known as English in the Teaching of Mathematics
and Science (PPSMI) with the objectives of providing skilled and learned human resources
that can compete in and contribute to the international arena (Ministry of Education

Malaysia, 2002).

The PPSMI policy is a decision made by the Malaysian Government as a result of the
Minister’s Council Meeting held on 19 July 2002 (Ministry of Education Malaysia, 2002).
Under this policy, English is used as the medium of instruction in the process of teaching
and learning all mathematics and science subjects. Prior (o this, the medium of instruction
for all subjects was Bahasa Melayu. The implementation of the policy was carried out in

stages beginning with the 2003 schooling session.



The implementation of the policy was explained in a Professional Circular 11/2002 issued
by the MOEM. The circular stated that the PPSMI policy was drafted based on the
awareness that the field of science and mathematics is very dynamic with many new
findings but most of the information is in English. The main objective of this policy is to
enable the pupils to acquire knowledge in science and mathematics, where most of the
references are in English, and thus become more competitive at the international level as
well as producing a generation which is proficient in English. This change in policy is
considered as very important to ensure that Malaysians are able to keep abreast with
scientific and technological development that is mostly recorded in English. At the same
time, this move would provide opportunities for pupils to use English and therefore

increase their proficiency in the language (Ministry of Education Malaysia, 2002).

However, the announcement of the new policy instantly sparked off a heated debate in the
newspapers especially with regard to the use of English as the medium of instruction where
Malay nationalists saw this as affecting the status of Bahasa Melayu as the national
language (Pillay, 2003). The Malay nationalists argued that science and technology are not
dependent on the language and are best acquired and tanght using the mother tongue where
concept formation and understanding among learners will be significantly better (Abdullah
and Yahaya, 2006). In general, many people including parents and teachers were sceptical
about the effectiveness and success of the policy owing to poor English language
proficiency among teachers and pupils (Alwis, 2005; Idris et al, 2006). In 2009, six yeats

after the policy was implemented, various groups still strongly opposed the implementation



of the policy and are determined to force MOEM to revert to the use of the national

language as the medium of instruction (Yassin et al., 2009).

A Movement for the Abolition of Teaching and Learning Science and Mathematics in
English was set up by these groups to put pressure on MOEM and the government to do
away with the policy The movement claimed that many pupils especially in rural location
could not cope with English and as a result their performance in mathematics and science
subjects was deteriorating. The demand by this movement was backed up by findings from
many studies that show PPSMI is detrimental to the performance of pupils particularly in
rural locations. A study by Long (2005) found that the gap between the performance of
schools in urban and rural locations was widening after the implementation of the policy. A
study by Haron et al. (2008) involving 1703 pupils reveals that 75 percent of them found it
hard to understand the teaching in English. Other studies also show that schools i urban
location performed better than schools in rural locations (Hamzah and Abdullah, 2009;
Kiong et al., 2005; Surif et al., 2006). This has prompted the MOEM to review its stand on
the policy. Several series of expert and other stakeholder roundtable meetings were held to
analyse and review the policy (Yassin et al., 2009). Based on the discussions and research
findings, the MOEM would decide whether or not to revert to the use of Bahasa Melayu as

the medium of instruction for mathematics and science.

The reactions to the move by MOEM to reconsider its stand on the policy are mixed. Those
who oppose the policy are relieved by the move but those who prefer the teaching and

learning process in English are not pleased. Jantan (2008) in his presentation in one of the



meetings argued that the study by Haron et al. (2008) was flawed because it was only a
descriptive study that did not offer any kind of hypothesis that can be tested. FFurthermore,
the instrument used by them is questionable as there was no discussion of its validity and
reliability. Other studies regarding the PPSMI policy cited in their paper were also of
descriptive research and most did not discuss the validity and reliability of their
instraments. Hence, Jantan (2008} stressed that using the mean scores from these tests to
claim that the PPSMI policy is a failure is illogical and invalid. Many parents from urban
areas especially in major cities like Kuala Lumpur want the policy to continue. A group
known as Parent Action Group for Education (PAGE) was formed to support the PPSMI
policy and to seek exemption for schools that support the policy should the policy be

discontinued (PAGLE, 2008).

In summary, the implementation of the PPSMI policy is an effort by the MOEM to upgrade
the level of mathematics and science education in Malaysia and to produce a workforce that
is equally competent at the international arena. However, many people do not agree with
the policy due to various reasons ranging from the issue of the supremacy of Bahasa
Melayu as the national language (Pillay, 2003; Abdullah and Yahaya, 2006) to the poor
pupils’ performance because of their weaknesses in English (Alwis, 2005; Idris et al,
2006). Some studies showed that pupils especially in rural locations were adversely
affected by the policy (Hamzah and Abduliah, 2009; Surif et al., 2006; Kiong et al., 2005;
Long, 2005}. On the other hand, there are people who support the policy and would like the

MOEM to continue with the policy implementation. They argued that the studies used by



people who oppose the policy to back up their demand are flawed and cannot be

generalised (Jantan, 2008; PAGE, 2008).

Motivated by this situation, this study will focus on the evaluation of the implications of the
PPSMI policy for the school performance in mathematics and science subjects by using an
advanced technique in measuring efficiency. The school performance, before and after the
implementation of the policy, will be assessed and compared according to school type,
state, and location. A new methodology of measuring school efficiency and change in
efficiency over time will be developed specifically for this purpose. The aim of developing
the new methodology is to provide an alternative assessment of the implications of the
policy for the school performance in mathematics and science subjects and thus helping the

MOEM to decide on the direction of the PPSMI policy.

1.2 Education in Malaysia

In this section, a short description of education in Malaysia is given. This is to provide an
insight into the Malaysian education system. Most of the content in this section is drawn
from Education in Malaysia by the Educational Planning and Research Division (2008a).
The Malaysian education system covers education from pre-school to university including
11 years free schooling at primary and secondary levels. Primary education in Malaysia has
been compulsory since 2003. Children begin their education at preschool between the age
of four and six years. Primary education (a period of 6 years) begins at seven years of age
and is divided into two levels. At level one (Year 1 to Year 3), the emphasis is on acquiring

strong reading, writing and arithmetic skills. At Jevel two (Year 4 to 6), the mastery of



these basic skills is reinforced and emphasis is given to building a strong foundation in
content and basic sciences. An assessment examination at Year 6, known as Primary
School Achievement Test (UPSR), is a centralised examination and used to evaluate pupils
performance. Besides that, continuous school-based assessments are carried out at all Jevels
(EPRD, 2003). There are three main types of primary schools namely national, national-
type (Chinese), and national-type (Tamil) schools. National schools use Bahasa Melayu as
the medium of instraction, while in the Chinese and Tamil national-type schools, the

medinm of instruction is Chinese and Tamil respectively.

Secondary education (a period of 5 years) consists of 3 years of lower secondary (Form 1 to
Form 3} and 2 years of upper secondary (Form 4 to Form 5). However, pupils from
national-type schools are required to go to Remove class before they could go to Form 1 to
prepare them for the change in medium of instruction, which is Bahasa Melayu. There are
four main types of secondary schools in Malaysia. They are national, technical, fully
restdential, and religious school types. National is the main type of secondary school in
Malaysia and consists of over 90 percent of the total secondary schools. The fully
residential school type has the same structure as the national secondary school type but the
pupils are selected and highly talented. All pupils in the fully residential school type have to
stay in the school’s hostel and adhere to the rules implemented by the school. The pupils
are provided with many facilities to belp them in their school life. The technical secondary
school type offer education at upper secondary level only. It plays a significant role in
preparing pupils to pursue technical and scientific education as well as for careers as

technicians and semi-skilled workers. The religious secondary school type initially offered



Islamic Religious Education and Arabic Studies preparing pupils for professions in Islamic
religious affairs, education, and law. Today religious secondary schools have expanded
their programme to include science and technology related subjects. These schools stilt
maintain their uniqueness in offering specialised elective courses in Islamic Studies that are

not available in other schools.

At the end of the lower secondary level (Form 3), pupils’ performance is evaluated through
another centralised examination, which is known as Lower Secondary Assessment (PMR).
This examination is partly school-based and follows guidelines set by the Malaysian
Examination Syndicate. Following the PMR examination at Form 3, pupils move into more
specialised field of studies at the upper secondary level, Based on choice and ability, pupils
enter either arts or science streams in academic schools or religious schools whereas
technical schools provide technically biased academic education and pre-employment

skilis.

All schools prepare pupils for the Malaysia Certificate of Education {SPM) examination at
the end of Form 5. The examination is centrally administered at the end of secondary
schooling and is a requirement for further educafion or entry into the job market. Upon
completion of secondary education, pupils can opt to pursue 1 to 2 years of post-secondary
education. This is the university entrance preparatory course. In total, the 12 to 13 years of
school education serves as the basic entry requirement into Year 1 of a bachelor’s degree

programme in higher educational institutions.



The Malaysian education system and assessment is summarised in Figure 1.1,

Figure 1.1: Malaysian Education System

EDUCATION SYSTEM AND ASSESSMENT
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Malaysia consists of thirteen states and three federal territories. The educational
administration system in Malaysia is centralised with the MOEM acting as the central
agency and the state education department (SED) as the regional arm (Educational Planning
and Research Division, 2008a). Altogether, there are fourteen SEDs where the three federal
territories are combined to make one SED. The implementation of educational policies and
plans made at the federal level are carried out at the state evel through the fourteen SEDs.

The SEDs coordinate and monitor the implementation of national education programmes,



projects, and activities, besides providing feedback to the MOEM for overall planning
(Educational Planning and Research Division, 2008a). All states {except the three federal
territories) can be divided into urban and rural locations. The three federal territories are
considered as urban areas. In Malaysia, areas with a population of 10 000 and more and
their adjoining built-up areas are considered as urban while areas other than that are

considered as rural (Department of Statistics Malaysia, 2006).

In this study, schools with pupils at upper secondary level will be assessed. The PMR
examination at the end of lower secondary level will be used as an indicator of pupils’
achievement on entry while the SPM examination at the end of upper secondary level will
be used as an indicator of pupils’ achievement on exit. The performance of schools from
different types, states and locations will be compared to see whether the policy benefited or
was detrimental to certain types of schools or schools in certain states and locations only.
The choice of inputs-outputs and the selection of schools to be evaluated in this study will
be discussed in chapter three. In the next section, the aim and objectives of this study are

set out.

1.3 Research Aims and Objectives

The aim of this study is to assess the implications of the PPSMI policy for the performance
of Malaysian secondary schools in mathematics and science subjects. To do that, a new
methodology of measuring school efficiency will be developed by taking into account
suitable inputs-outputs to measure the efficiency of Malaysian secondary schools in the

process of teaching and learning mathematics and science subjects. This study is in line



with the MOEM action plan to encourage research of the fact-finding type and to enable
decision-makers to use the research findings in decision-making. With regard to the policy
of teaching mathematics and science in English, several studies have been published (e.g.
Hamzah and Abdullah, 2009; Haron et al., 2008; Sorif et al., 2006, Kiong et al., 2005;
Long, 2005) to find out the effectiveness of the policy. This study will add to the literature
by using an innovative technique of measuring scheool efficiency and assessing the

implications of the policy for the school performance.

A more specific objective of this study is to assess the implications of the PPSMI policy for

the schools performance in mathematics and science subjects by:

i.  Developing a new methodology to assess school efficiency in the process of
teaching and learning mathematics and science subjects.

ii. Using the methodology developed in this study with real data fo assess school
efficiency in the process of teaching and learning mathematics and science subjects
and compare the efficiencies of schools in different categories.

iit. Developing a new methodology that can be used to assess the change in school
efficiency over time (before and after the implementation of the policy).

iv. Using the methodology developed in this study with real data to assess school’s
efﬂcieﬁcy change over time (before and after the implementation of the policy) and

compare the change in efficiencies of schools in different categories.

10



1.4 Motivation

As mentioned in section 1.1, the motivation behind this study is to assess the implications
of the PPSMI policy for school performance by developing an advanced technique of
measuring school efficiency based on Data Envelopment Analysis (DEA) and the
Malmquist index. It is hoped that findings from this study will offer the MOEM some
useful insight, into how school performance has been affected by the policy. A new
methodology of measuring schools performance based on hybrid retums to scale (IIRS)
DEA model will be developed for this purpose. Then, the Malmquist index will be
modified to be used for the first time with hybrid returns to scale DEA model to measure
efficiency change over time (HRS-based Malmquist index). These techniques will be

discussed in detail in Chapter 2.

DEA has been used in many studies to measure school efficiency (e.g., Bessent and
Bessent, 1980; Bessent et al., 1982; Bessent et al., 1984; Fire et al. , 1989; Thanassoulis
and Dunstan, 1994; Grosskopf et al., 1999; Mante and O’Brien, 2002; and Ouellette and
Vierstraete, 2005). The primary advantage of DEA is the ability to handle multiple inputs
and multiple outputs, which is appropriate for measuring school efficiency (Mancebon and
Bandres, 1999). However, the technique is not well known in Malaysia especially in
education sector where there was only one study that used DEA to measure school
efficiency (Kiong et al., 2003). Thus, this study is motivated to utilise DEA to measure the
school performance in Malaysia, in particular performance after the implementation of the

PPSMI policy.
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There are two basic convex models that have underpinned DEA studies. The two models
are Constant Returns to Scale (CRS, also known as CCR) introduced in Charnes et al.
(1978) and Variable Returns to Scale (VRS, also known as BCC) model introduced in
Banker (1984). CRS models assume full proportionality between all input-output variables
but VRS models do not. VRS is suitable for measuring education efficiency because the
input-output variables in the model are not normally proportional, for example, the number
of pupils with good grade on entry is not necessarily proportional to the number of pupils
with good grade on the output side. However, some of the input-output variables do have a
proportional relationship; for example, an input such as the number of teachers is
proportional to the number of pupils on the output side. If only the number of pupils who
passed certain criteria is taken as output, what has been learned has no value for those who
did not get a good grade (Ouellette and Vierstraete, 2005, 2010). Since the number of
teachers is determined from the number of pupils {e.g. one teacher for every 30 pupils),

their relationship is proportional.

Hybrid Returns to Scale (HRS) DEA model and the concept of selective proportionality in
the relationship of inputs and outputs is a new. extension by Podinovski (2004, 2009}, In
measuring the efficiency of a decision making unit that has selective proportionality in the
relationship of input-output variables, the HRS model would give a better estimate of the
efficiency (Podinovski, 2004). This study will develop a new methodology of assessing the
efficiency of schools in the process of teaching and learning mathematics and science
subjects based on the HRS DEA imodel. The previous studies of measuring school

efficiency by using DEA were based on either CRS or VRS DEA models.
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The Malmgquist index has been a popular tool for measuring efficiency over time since the
work of Fire et al. (1994) and has been applied in many studies such as Grosskopf and
Moutray (2001), Liu et al. (2004), Fére et al. (2006), Ouellette and Vierstraete (2008), and
Barley et al.(2010). The Malmquist index can be calculated from CRS-based or VRS-based
DEA efficiency scores. Since this study is the first to employ the HRS model in calculating
school efficiency scores, an HRS-based Malmquist index will be developed to measure the
change in efficiency over time. A literature review on DEA and the Malmquist index will
be discussed in Chapter 2 while the HRS-based DEA methodology for measuring school
efficiency and the HRS-based Malmquist index for measuring change in schootl efficiency

developed in this study will be given Chapter 3.

1.5 Thesis Structure

Altogether, there are six chaplers in this thesis. This chapter has introduced the context of
the study and described the education system in Malaysia as well as the PPSMI policy,
which is the motivation for this study. The aim and objectives were set out and the

indication of methodological tools to be employed in this study was given.

Chapter 2 will introduce the concept of efficiency measurement and the techniques for
measuring it. A more detailed description of the DEA technique and its extension will be
given and the literature on the use of DEA to measure school efficiency will be reviewed.
This chapter will also introduce the concept of efficiency change over time and will review
the use of the Malmgquist index in studies to measure the change in school efficiency. It will

also review the issue of statistical testing in DEA and the relevant DEA studies that utilised
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statistical tests. The contribution of the study and the gap in literature will be stressed at the

end this chapter.

The DEA models and the Malmquist index for the assessment of school performance in the
process of teaching mathematics and science subjects will be presented in Chapter 3. It will
also describe the statistical tests to compare the performance of schools in different groups.
Data collection and data analysis procedures mcluding computer programming to compute
the efficiency scores and the Malmquist index will be explained here. Chapter 4 applies the
methodology outlined in Chapter 3 to the selected schools and presents the overall result of

the schools as well as according to the school type, state, and location.

Chapter 5 will discuss the research findings in ferms of the implications of the PPSMI
policy for the performance of secondary schools in mathematics and science subjects. The
findings from Chapter 4 will be elaborated and discussed based on the overall school
performance, performance by school type, performance by state, and performance by

location.

Lastly, Chapter 6 will summarise the previous chapters and give key conclusions. It will

also draw attention to the confributions of this study and provide directions for future

research.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Chapter 1 introduced the context of the study and described the Malaysian education
system as well as the PPSMI policy, which is the main motivation behind this study.
The objectives of the study, that is to develop a new methodology to find the
implications of the PPSMI policy for the schools performance, were set out in details.
The use of hybrid returns to scale (HRS) DEA model and Malmquist index as the

methodalogical tools in this study was indicated.

In this chapter, the literature concerning efficiency measurement in general and the
techniques for measuring it, especially data envelopment analysis (DEA) and stochastic
frontier analysis (SFA), are introduced. As DEA 1is the preferred technique, more
explanation about the DEA technique and the new extension in DEA ie. the hybrid
returns to scale (HRS) model are given. Then, the measurement of school efficiency
based on the concept and the techniques of measuring efficiency is described. After that,
a review on the use of DEA in measuring school efficiency is given. This is followed by
the explanation on the concept of change in efficiency over time and the technique for
measuring it and the review on studies that employed the Malmquist index to measure

school efficiency over time.



Nexi, the non-parametric stafistical tests employed o examine stafistically the difference
in the efficiency scores and the Malmquist index of schools in different groups (different
types, states and locations) are described. This is followed by the review on the use of
these statistical tests in efficiency measurement studies and the review on studies related

to the PPSMI policy.

The contribution of this study and the gap in the literature that this study is intended to
fill are elaborated before the conclusion and summary of the chapter. In particular, the
following three areas of contribution will be highlighted. First, the development of a
new methodology to measure school efficiency based on the HRS DEA model. Second,
the development of a new HRS-based Malmgquist index to measure change in efficiency
over time. Third, this study contribute to studies on the PPSMI policy by taking a
different approach to measure the implications of the policy for school performance in

Malaysia, which has never been done before.

2.2 Efficiency Measurement

2.2.1 Concept

This section reviews the key concepts of efficiency measurement. Much of the material
in this section is based on Coelli et al. (2005), Johnes (2004), Thanassoulis (2001), and
Worthington (2001). Drawing upon the work of Debreu (1951) and Koopmans (1951),
Farrell (1957) defined a simple measure of DMU efficiency that could account for
mutltiple inputs. Farrell (1957) developed three types of efficiency, namely technical

efficiency, allocative efficiency, and overall efficiency (also known as economic or
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productive efficiency). The technical efficiency reflects the ability of a decision making
unit (DMU)} to achieve maximum possible output from a given set of inputs. Given their
respective prices and the production technology, allocative efficiency reflects the ability
of a DMU to use the inputs in optimal proportions. The product of technical and
allocative efficiency will result in the overall efficiency. However, it is not easy to
measure allocative efficiency of an education institution since the prices are not
available. Thus, in this study, only technical efficiency will be used to measure the

school efficiency.

In explaining the concept of efficiency measurement, Farrell adopted an input-oriented
approach to answer the question: how much can inputs be proportionally reduced by
without changing the quantity of output produced? Farrell illustrated his ideas using a
simple example involving DMUs that use two inputs to produce a single output under
the assumption of constant returns to scale (CRS). In this study, an output-oriented
approach is more suitable to measure school efficiency because inputs are fixed. An
output-oriented approach seek to answer the question: how much can output be

proportionally increased by for a given set of inputs?

The measurement of efficiency by using the output-oriented approach is illustrated in
Figure 2.1. In this case, two outputs, y; and y, are produced from a given level of input,
x, under the assumption of CRS. Let us suppose that the DMU is a school producing the
outputs of number of pupils () and number of pupils with good grade in mathematics

(32} from one input, i.e. number of teachers (x). The curve S5’ represents the isoquant
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joining all combinations of y; and y» of the fully efficient DMUs. The technical
efficiency (7E) of the DMU produced at point P is defined as the proportion of outputs
observed at point # to the maximum possible output produced by the fully efficient

DMU at point (. It can be written as:

TE = > 2.1

The technical inefficiency is equal to 1 — TE. The proportion by which outputs could be

increased without increasing the level of input used at the observed production point P is

1
equal to et

Figure 2.1: Measuring technical efficiency in an output-oriented framework

Volx

nix

The technical efficiency measures obtained from output and input crientations are the

same under the assumption of CRS but vary under the assumption of variable returns to
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scale (VRS). When the DMUs being assessed operate under the assumption of VRS, the
change in efficiency of a DMU may be impacted by changes in scale size (Thanassoulis,
2001). To illustrate this point, let us consider a DMU that faces a VRS production
frontier OT, produces one output, y from one input, x, and produces at point P as shown

in Figure 2.2. The CRS production frontier, OT", is given for comparison.

In a CRS situation, the input oriented technical efficiency of the DMU P is measured
using the horizontal distance of P from the frontier O7". This is given by TElgs =
y'B'/y'P. Conversely, the output-oriented technical efficiency is measured using the
vertical distance of P from the frontier O and is given by TEZys = x'P/x'A". In a VRS
situation, the technical efficiency is measured by using the distance of DMU P from the
VRS frontier OT. Thus, the input oriented technical efficiency is given by TE},s =

y'B/y’'P and the output oriented technical efficiency is given by TESze = x P /x'A.

Figure 2.2: Measuring scale efficiency

¥
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From Figure 2.2, the distance of P under both input and output orientation are the same
from the CRS production frontier but vary from the VRS production frontier. Another
difference between CRS and VRS is that the technical efficiency (distance of P from the
production frontier) under the VRS assumption is always higher than under the CRS
assumption except at point C where they are the same. In addition, it can be shown that

at point P,

x'P _ xP x'A

T XA xAxA 22)

xP .
where the first component a8 equal to TEZzs (the output-oriented measure of

technical efficiency under VRS) and the second component is the output-oriented CRS
efficiency measure of a hypothetical DMU 4. It is called scale efficiency and can be
defined as the ratio of the efficiency of a DMU under CRS to its efficiency under VRS,
In other words, the overall technical efficiency under the assumption of CRS can be
decomposed into a measure of pure technical efficiency (or a technical efficiency under
the assumption of VRS) and a measure of scale efficiency. From Equation (2.2), scale

efficiency can be represented as

TEgRS

SE° =
TEjs

(2.3)
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2.2.2 Techniques for Measuaring Efficiency

The efficiency measures discussed in the previous section assume the production
function of the fully efficient DMU is known. However, this is not usually the case. The
efficient isoquant has to be estimated by using sample data (Worthington, 2001). There
are two main approaches for estimating the efficient isoquant in order to measure
efficiency. First, the parametric approach, which uses econometric methods to estimate
the parameters of a specific functional form of the production function, and second, the
non-parametric approach, which place no conditions on the functional form, and uses
observed dafta to infer the shape of the frontier (Worthington, 2001; Sarafidis, 2002;
Ruggiero, 2007). The common form of parametric method now in use is Stochastic
Frontier Analysis (SFA), while the non-parametric method is commonly known as Data
Envelopment Analysis (DEA) (Chakraborty et al., 2008; Mizala et al., 2002; Sarafidis,
2002; Hjalmarsson, 1996), The main difference between the two approaches lies in their
underlying assumptions where they make different adjustment for random noise and for

flexibility in the structure of the production technology (Johnes, 2004).

According to Coelli et al. (2005) and Khumbakar and Lovell (2000), the original SFA
model was developed by Meeusen and van den Broeck (1977) and Aigner et al. (1977).
Another paper on SFA appeared shortly after the first two papers and was written by
Battese and Corra in 1977 (Khumbakar and Lovell, 2000). These three original SFA
models were developed in a production frontier context and have a combined error term
that accounts for statistical noise and technical inefficiency (Khumbakar and Lovell,

2000). The ability to measure efficiency in the presence of statistical noise is the main
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advantage of SFA (Ruggiero, 2007). However, the requirement of a priori assumption
about the shape of the efficiency frontier is the major disadvantage of SFA (Jacobs,
2001). SFA is similar to conventional regression analysis except for the combined error
term. A more detailed description of SFA can be found in Coelli et al. (2005) and

Kumbhakar and Lovell (2000).

DEA was developed by Charnes et al. (1978) following work by Farrell (1957). Before
that, several authors (Boles, 1966; Shephard, 1970; and Afriat, 1972) suggested
mathematical programming methods suitable for frontier estimation but these did not
receive wide attention (Coelli et al., 2005). In their seminal paper, Charnes et al. {1978)
generalised and extended Farrell’s concepts of empirical efficiency, by using a
mathematical programming model to obtain empirical estimates of production functions
and efficient production possibility surfaces (Cooper et al., 2004). In contrast to SFA,
the DEA model does not require a priori assumption about the shape of the efficiency
frontier and is based on the production possibility set induced by the observed DMUs
(Cooper et al., 2007; Sarafidis, 2002). As a result, the problem of wrongly specifying the
frontier can be avoided. The primary advantages of DEA are the non-parametric nature
and the ability to handle multiple oﬁtputs and multiple inputs (Ruggiero, 2007).
Econometricians however, have argued that the DEA approach produces biased
estimates in the presence of measurement error and other statistical noise (Ruggiero,
2007; Schmidt, 1985). A comprehensive description of DEA can be found in
Thanassoulis et al. (2008), Cooper et al. (2007), Coelli et al. (2005) and Cooper et al.

(2004).
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As mentioned above, both DEA and SFA methods have their own strengths and
weaknesses. Allowing for statistical noise is the main advantage of SFA but being
parametric and requiring strong assumptions about the form of the frontier is a
disadvantage. On the other hand, DEA have the strength of being non-parametric and
requiring few assumptions about the underlying technology but have the disadvantage of
assuming no statistical noise which might lead to biased estimates of efficiency.
Nevertheless, the ability of DEA {o handle muliiple ontputs and multiple inputs is
particularly appropriate in the area of education management, given the special
characteristics of the production process that takes place in schools. These advantages
allow researchers to capture a school’s multidimensional performance without the need
to specify a single functional form to explain the production process in all schools
(Mancebon and Bandres, 1999). A further review of these approaches and their strengths

and weaknesses can be found in Lovell and Schmidt (1988) and Coelli et al. {2005).

The techniques of measuring efficiency that have been presented here can be used fo
evaluate the efficiencies of many different kinds of entities such as educational
institufions, hospitals, business firms, banks, and others. This study is trying to evaluate
the efficiencies of Malaysian schools in implementing a new educational pelicy. Thus,
the focus of the review is on the studies that involve educational institutions only. There
is a remarkable amount of literature on measuring school efficiency using either DEA or
SFA, or both, as well as how they compare. The use of DEA to measure school
efficiency can be found, among others, in Bessent and Bessent (1980), Bessent et al.

(1982), Bessent et al. (1984), Fare et al. (1989), Thanassoulis and Dunstan (1994),

23



Grosskopf et al. (1999), Mante and O’Brien (2002), and Ouellette and Vierstraete
(2005). SFA was used to measure school efficiency, for example, in Adkins and
Moomaw (2003), Dodson and Garret ('2003), Franta and Konecny (2009}, Pereira and
Moreira (2007) and Tanja (2007). Examples of studies that used b.oth methods are
Ruggiero and Vitaliano (1999), Chakraborty et al. (2001), Mizala et al. (2002), and
Chakraborty and Poggio (2008). A detailed review of the school efficiency measurement
and the use of DEA in measuring school efficiency will be given in section 2.3 and 2.4

respectively .

Given the advantages of DEA in measuring educational institution efficiency, a DEA
methodology is employed to measure. the efficiency of Malaysian schools in
implementing the PPSMI policy. As mentioned in the previous chapter, the methodology
is based on a new development in DEA i.e. hybrid returns to scale (HRS) that was
introduced by Podinovski (2004). This is the first study to employ the HRS DEA model
to measure school efficiency. In the following section, more elaboration on the HRS
model while be given whilst the DEA methodology for this study will be presented in

chapter three.

2.2.3 A new Extension in DEA (Hybrid Returns to Scaie)

The two basic convex DEA models are the constant returns to scale (CRS or CCR)
model introduced in Charnes et al. (1978) and the variable returns to scale (VRS or
BCC) model introduced in Banker (1984). The CRS models require the assumption of

full proportionality between all inputs and outputs while the VRS ignores the
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information regarding any proportional relationship between variables (Podinovski,
2004). Figure 2.3 shows the difference between the CRS and VRS frontiers for a single
input-single output DEA model. In measuring school efficiency, many recent studies
employed the VRS model since the relationship of mputs and outputs in education
production is not normally proportional {e.g. Waldo, 2007; Ouellette and Vierstraete,
2005; Banker et al., 2004; Mizala et al., 2002; Mante and Brien, 2002; Portela and
Thanassoulis, 2001; Mancebon and Molinero, 2000; Mancebon and Bandres, 1999).
Nevertheless, some studies employed CRS model and there are studies that used both
models (e.g. Hu, et al., 2009; Kirjavainen and Loikkanent, 1998; Soteriou et al., 1998).
A review of the use of VRS and CRS DEA models in measuring school efficiency will

be given in section 2.4,

Figure 2.3: CRS and VRS Frontier

Outpnat

Input-

In assessing school efficiency, Thanassoulis and Dunstan (1994} stressed that neither the

assumption of CRS nor VRS is totally satisfactory. It is not easy to clearly assume
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whether inputs and outputs in education production are proportional or not as some do
have a proportional relationship while others do not. For example, the numbers of
teachers and pupils are usually proportional to each other but the number of pupils with
good grade on entry is not normally proportional to the number of pupils with good
grade on exit. In this situation, the use of the CRS model is not valid since the full
proportionality cannot be assumed, while the use of VRS technology will result in an

over-optimistic measurement (Podinovski, 2004).

A new extension by Podinovski (2004) regarding selective proportionality between
subsets of inputs and outputs in the DEA model can be used to solve this issue.
Motivated by the issue of selective proportionality, Podinovski (2004) developed a
hybrid returns to scale (HRS) technology that is based on the assamption that only some
of the inputs and outputs are proportional to each other while the other are not (selective
proportionality). This new technology exhibits CRS with respect to the inputs and
outputs that are proportional to each other and VRS with respect to the remaining inputs
and outputs. The CRS and VRS models are special cases of the HRS model: in the case
of CRS, all inputs and outputs are proportional, and in the case of VRS none of the
inputs and outputs is proportional. Podinovski (2004) demonstrated that the HRS model
is certainly more discriminating than the VRS model and in some cases, its
discrimination can exceed that of the CRS model. VRS is a subset of CRS and based on
Podinovski (2004), VRS is also a subset of HRS but neither the HRS nor CRS

technology is the subset of the other.
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Shortly after Podinovski introduced the concept of selective proportionality, Kuosmanen
(2005) introduced a new model incorporating the concept of weak disposability of
undesirable outputs. In his paper, Kuosmanen suggests a simple formulation of weak
disposability that allows for non-uniform abatement factors and preserves the linear
structure of the model. These two concepts, although different in context, are similar in
terms of suggesting a concept of selective proportionality where Podinovski suggesting
a technology that combined the CRS and VRS technologies while Kuosmanen
suggesting a technology that allows for non-uniform reduction of harmful factors but
preserves the limear structure of the model. This shows that the concept of selective

proportionality is realistic and can be applied in the real world.

Podinovski (2009), in a forther development of the HRS technology, has shown that
there are cases where some technologies exhibit both full (when all outputs are
proportional to all inputs) and selective proportionality. In these cases, we might use
either CRS or HRS models to measure the efficiency. However, any of the models
would use only part of the available information regarding the technology, i.e. full or
selective proportionality, and ignore the other part of the information, which would
generally result in the same DMUSs having different efﬁciencies from the two models.
Thus, in order to utilise ail available information about the underlying technology and to
produce a better efficiency measure, Podinovski (2009) suggested an approach that
combined both types of proportionality in the same model. This is achieved by the

combination of the axioms of the CRS technology in Banker et al. (1984) and the axiom
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of selective proportionality in Podinovski (2004). The result is a technology known as

C-HRS (Cone-HRS) that includes both CRS and HRS technologies as subsets.

The C-HRS technology can be viewed as the minimal technology where units in HRS
technology can be expanded by full proportional scaling. C-HRS is the cone extension
of the HRS technology, similar to the CRS technology being the cone extension of the
VRS technology. As such, it is more discriminating than both CRS and HRS

technologies. By following the definition of scale efficiency given in (2.5), the scale

efficiency of any DMU operating in HRS technology is defined as the ratio of TEfzs/

TEZ_yps. C-HRS technology is important to this study because it is part of the HRS-

based Malmquist index to measure the change in efficiency over time. A detailed

description of the HRS and C-HRS medels in this study will be given in Chapter 3.

2.3 Measurement of school efficiency

Measuring school efficiency is a difficult task due to conceptual challenges, multiple
objectives, and great scope for measurement error (Smith, 2006). Developing a valid
and reliable measure of school performance is very important so that the objectives of
the assessment can be achieved. One approach is to apply production function and the
techniques for measuring it that have been developed in the field of economics and

operations research (Bifulco and Bretschneider, 2001).

According to Deller and Rudnicki (1993), the most influential study employing an

educational production function is the Coleman Report (1966). Using the conceptual
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framework of input-oufput analysis, Coleman was the first to introduce the connection
between school inputs and pupil achievement (or output). The framework took the form
of educational production functions when economists started to seek insight into the
notion of human capital (Hanushek, 1979). The conceptual difference between
Coleman’s input-output analysis and the production function is the concept that the
production function describes the maximum lHkelihood of feasible output given various
input combinations. In the education process, this concepf can be seen as schools

maximising pupil achievement given various inputs available to them (Hanushek, 1986).

When measuring school efficiency by applying the production function technique, the
efficiency model must be specified first. The fundamental step in developing any
efficiency model is the specification of the inputs used and outpuis produced by the
DMU (Smith, 2006). Boussofiane et al. (1991) stressed that in selecting inputs and
outputs, any resources used by a unit should be included as an input while output may
include a range of performance and activity measures. In addi‘;ion, the identification and
inclusion of environmental factors which may affect the production of these outputs is
also necéssary. Hanushek (1986) states that at least the following three aspects should be
taken into account when assessing the efficiency of a school: academic results, school
inputs, and environmental factors. Thanassoulis {1996) came up with three generic
drivers of school efficiency. They are school related factors, family and external
environment influences (such as school location), and the abilities of the pupils
themselves. The three aspects listed by Hanushek and Thanassoulis, (i.e. school related,

academic results/pupils’ ability, and environmental factors) are the general form of
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input-output specification. They can be represented by many variables such as the
number of pupils and teachers, the quality of teachers and funding for teaching material
(school related), the number of pupils with good grade on entry and exit (pupils® ability),
and sociceconomic status, as well as location of school (external environment). Some of
the school related and pupils’ ability variables can be on the input side while some can
be on the output side. The external environment variables are normally used on the input

side.

Teachers are obviously an important resource on the input side and can be measured by
just the number or the level of experience or the salary cost (Boussofiane et al., 1991).
Among the studies that used the number of teachers as input are Fire et al. (1988),
Lovell et al. (1994), Grosskopf and Moutray (2001), Maragos and Despotis (2003),
Primont and Domazlicky (2006}, and Alexander et al. (2010). Examples of studies that
utilised teachers experience are Kirjavainen and Loikkanent (1998), Alexander et al.
(2010}, and Hu et al. (2009). The variable of teachers’ salaries were used, among others,
in Duncombe et al. (1997), Ruggiero (1996, 2000}, and Grosskopf and Moutray (2001).
The number of pupils with good grade on entry is also an important resource and can be
used to measure the value added to pupils on exit (Boussofiane et al., 1991). This input
has been used in many studies that measure school efficiency, for example Bessent and
Bessent (1980), Thanassoulis and Dunstan {1994), Portela and Camanho (2009), and

Khalili et al. (2010).
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The number of pupils with good grade on exit or the academic performance based on the
standardised test score has been used the most as a measure of educational output
(Nesbit and Palardy (2007). Hanushek (1986) agrees with the use of this variable for
three reasons i.e., it has value, most people use it as a measure of how well schools are
performing, and it is important for access to further education. Instances of studies that
utilised this variable are Bessent and Bessent (1980), Bessent ef al. (1982), Fire et al.
(1988), Ganley and Cubbin {1992), Chalos and Cherian .(1995), Engert (1996),
Kirjavainen and Loikkanent (1998), Mancebon and Molinero (2000), Ramanathan
(2001), Kiong et al. (2003), Rassouli-Currier (2007), Nesbit and Palardy (2007),

Kantabutra (2008), and Morgan (2010).

The number of pupils is usually taken as input to education (Johnes, 2004). However,
there are many cases where the number of pupils (or students/enrolment) is used as
proxy for output {(Ahn and Seiford, 1993; Avkiran, 2001; Abbott and Doucouliagos,
2003; Ouellette and Vierstraete, 2005, 2010; Millimet and Collier, 2008; Franta and
Koneény, 2009). Ouellette and Vierstraete (2005, 2010) stressed that the total number of
pupils must be considered as one of the outputs because schools help to socialise
children and also that what has been learned has no value for those who did not get a
good grade if only the number of pupils who passed certain criteria is taken as output.
Inputs from family and external environment influence, such as socioeconomic status,
race, gender, parental occupation, and income, are all essential inputs into the education
production process (Johnes, 2004). Environment factors were used in most of the studies

that measure school efficiency. For examples, Bessent and Bessent (1980), Smith and
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Mayston (1987), Sengupta (1990), McCarty and Yaisawarng (1993), Chalos and
Cherian (1995), Chalos (1997), and Soterion et al. (1998) used input on parents’
socioeconomic status or income. Some studies used percentage of pupils not receiving
school meals as a proxy for parents’ socioeconomic status (Thanassoulis and Dunstan,
1994; Thanassoulis, 1996; Yang et al. 1999, Mancebon and Mar Molinero, 2000;
Bradley et al., 2001). There are many more external environment variables that are used
in studies to measure school efficiency, such as parents’ education level (Soteriou et al.,
1998), pupils from single parent households (Gray et al., 1984), percentage of adults
with college education {(Ruggiero, 2000), percentage of house owners in the school

district (Kang and Green, 2002).

A variety of inputs and outputs can be used in studies on school efficiency measurement
depending on the objectives of the studies and the availability of data. This study
employs pupils’ academic results on entry as input and on exit as output, number of
teachers as school resources (input), parents’ socio economic status as environmental
factors (input), and number of pupils as one of the outputs. The number of classes will
be used as a proxy for the number of teachers due fo limitation of data. A more detailed

description of inputs and outputs used in this study will be given in Chapter 3.

2.4 Review of the Use of DEA in Measuring School Efficiency
The use of DEA in education has a long history and studies using DEA to evaluate the
performance of educational institutions have increasingly appeared in recent years. Most

of the studies that used DEA to measure school performance (especially recent studies)
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utilised the VRS model in their methodology (e.g. Waldo, 2007; Ouellette and
Vierstraete, 2005; Banker et al., 2004; Mizala et al., 2002; Mante and Brien, 2002;
Portela and Thanassoulis, 2001; Mancebon and Molinero, 2000; Mancebon and
Bandres, 1999) while some earlier studies utilised the CRS model (e.g. Bradley et al.,
2001; Thanassoulis and Dunstan, 1994; Bessent et al., 1982; Chames et al,, 1981;
Bessent and Bessent, 1980). There are studies that used both the CRS and VRS models
so that comparison of the different results can be made (e.g. Hu, et al., 2009;
Kirjavainen and Loikkanent, 1998; Soteriou et al., 1998). This section reviews the inputs
and outputs used in studies of school performance to see whether they are appropriate to
the methodology that was used (CRS or VRS). At the same time, the possibility of

employing HRS model with their choice of inputs and outputs is explored.

One of the earliest applications of DEA in education research was done by Bessent and
Bessent (1980) who applied a DEA method to determine the comparative efficiency of
elementary schools in an urban school district. The CRS model was used to calculate the
efficiency score (the VRS model was not yet introduced). 13 inputs and 2 outputs were
used in this study. The inputs are median percentile reading achievement in 1975,
median percentile mathematics achievement in 1975, percent Anglo-American pupils,
percent pupils not from low income family, percent of average daily attendance,
mobility index, number of professional staff per 100 pupils, total per pupil expenditure
for instruction, esprit, intimacy, trust, consideration and total individualised instruction
index. The two outputs are median percentile reading achievement in 1976 and median

percentile mathematics achievement in 1976. The outputs could be proportional to the
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first two inputs because we can expect those who performed well in 1975 to also
perform well in 1976. The rest of the inputs however are not proportional to any of the
outputs. Therefore, the relationship between inputs and outputs is selectively
proportional where some of the inputs are proportional to the outputs while some are not
proportional, The use of the HRS model to calculate the efficiency in this case might

give a more realistic result.

Charnes et al. (1981) compared the programme follow through and non-follow through
schemes for primary school children in the USA. Inputs in this study are education level
of mother, highest occupation of a family member, parental visit index, parental
counselling index and number of teachers while the outputs are total reading score, total
mathematics score and self-esteem inventory. It seems that there is no proportional
relationship between any of the inputs to any of the oufputs unless number of pupils is
added as one of the outputs so that it is proportional to the number of teachers on the
input side. Without the additional output, the VRS model would be more appropriate but
with the additional input, the HRS model might give a better result. CRS is clearly

inappropriate in this case.

The two studies discussed above used test score as one of the outputs. Test score is
bounded by maximum and minimum values. No matter how big the increase or decrease
in input value is, the value of output in the form of test score will not exceed its
maximum or minimum values. Therefore, the relationship between inputs and test score

as output will not be proportional. Studies that use test score as the output cannot utilise
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the CRS model because it is not appropriate. Other studies that used test score as one of
the outputs are, among others, Thanassoulis and Dunstan (1994), Soteriou et al. (1998),
Kirjavainen and Loikkanent (1998), Mancebon and Bandres (1999), Mancebon and
Molinero (2000), Bradley et al. (2001), Fare et al. (2006), Waldo (2007), and Hu et al.
(2009). Most of these studies utilised the VRS model in calculating the efficiency but

some used the CRS model, whilst a few of the studies utilised both models.

One study that utilised both models was conducted by Soteriou et al. (1998) who used
both the CRS and VRS models to assess the efficiency of secondary schools in Cyprus.
Data for this study were taken from the Trend in Mathematics and Science Study
(TIMSS) which involved 55 secondary schools randomly selected from all over Cyprus.
The inputs are teachers' age, teachers' education, parents' education, pupils’
socioeconomic status, school size and the number of books at home, while the output is
mathematics score. They did not give any justification for using both models but just
used the results from both models to assess the performance of secondary schools in
Cyprus and demonstrate how inefficient schools can benefit from their analysis.
However, there was no proportional relationship between those inputs and output and

therefore, the VRS model is the most appropriate for this study.

Another study that utilised both models is underfaken by Kirjavainen and Loikkanent
(1998) who studied efficiency differences among Finnish senior secondary schools.
They experimented with four different models where the most complicated model has

six inputs and four outputs. The inputs are teaching hours per week, non-teaching hours
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per week, teachers’ experience, education Jevel of teachers, admission level and
educational level of pupils' parents. The outputs are number of pupils who passed,
number of graduates, score in compulsory subjects, and score in additional subjects.
They described the difference between the CRS and VRS models and then discussed the
results from both models thoroughly. They concluded that the CRS model’s results are
better than the one from the VRS meodel. Based on their choice of inputs and outputs, the
CRS model is not appropriate since some of the outputs are test scores. The VRS model

is the best model to be ufilised in this study.

One example of studies utilising the VRS model was presented in Mancebon and
Bandres (1999) who evaluated the efficiency of a sample of Spanish secondary schools,
focusing on the theoretical specification of the measurement model and the ex post
analysis of the results. They chose the VRS model because they believe it has a structure
that is most in agreement with the particular education technology. The DEA model in
their study has four inputs and 3 outputs. The inputs are operating expenses per pupil,
number of teachers per pupil, socioeconomic factor, and human capital factor, while the
outpufs are average mark in sciences, average mark in arts, and percentage of passes
over course registration. From the inputs and outputs utilised in this study, the VRS

model is the most appropriate.

Mancebon and Molinero (2000) also utilised the VRS model to conduct a study to
assess the factors that influence schools productive efficiency. They tested both models

before retaining only the VRS mode! in their final model. Their reason for choosing the
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VRS model is that the variables they used are measured in percentages and are bounded
between 0 and 100. They argued that the VRS model allows only for interpolation
within observed data while the CRS model allows for extrapolation beyond the observed
values, and there is no guarantee that this target will be bounded by the 100 upper limit.
The final model that they used has 3 variables. They are percentage of pupils not eligible
for free school meals on the input side and number of pupils who achieved level 4 or
more in English SAT, as well as Mathematics SAT on the output side. With their choice

of input and outputs, the model that they used is the most appropriate.

Waldo (2007) also used the VRS model to investigate the effect of reform in Sweden’s
public education in 1991-1993, which introduced a system with private school
competition and decentralised the production of public education from central to local
government. In this study, the inputs are pupil-teacher ratio, teaching material, parents’
educational level, ethnicity, and the share of female pupils. The outputs are pupils’ final
grades from secondary school, pupils passing all subjects, and pupils progressing to
upper secondary school. There was no proportional relationship between the inputs and

outputs in this study and therefore the VRS model is appropriate.

One study that utilised the CRS model was undertaken by Bradley et al. (2001) who
studied the effect of competition on the efficiency of secondary schools in England. In
this study, the inputs are socioeconomic background and staff qualifications while the
outpuis are aftendance rate and examination results. They did not give any justification

for using the CRS model but based on the inputs and outputs that they used, the CRS



model is not appropriate because there is no proportional relationship between inputs

and outputs.

Thanassoulis and Dunstan (1994) employed the CRS model to show how DEA can be
used to guide secondary schools to improved performance through role-model
identification and target setting in a way that recognizes the multi-outcome nature of the
education process and reflects the relative desirability of improving individual
outcomes. They used mean verbal reasoning score per pupil on entry and percentage not
receiving free school meals as inputs and average GCSE score per pupil and percentage
of pupils not unemployed after GCSEs as outputs. Even though they employed the CRS
model in the study, they realised that CRS is not easily sustainable when ‘scale’ relates
to the values of the variables after they are normalised as in their choice of inputs and
outputs. They argued that if one school has twice the number of pupils of another school
and pupils are of similar ability and home background, then if the two schools are both
efficient, the first school should produce twice the level of outputs (e.g. fotal score and
number of placement) as the other school. This difficulty will generally be encountered
in assessing schools because educational achievement is usually measured on ordinal
scales and there is no reason to expect achievements reflected on such scales will be

simple multiples of the levels of inputs.

However, they argued that a VRS assumption is not appropriate either especially when a
mean value is used. According (o them, the same mean value could result from widely

differing scores at individual pupil level in two schools. Such schools should not be
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comparable but the model will find them comparable under a VRS assumption because
it will read equal means on input levels as conveying the same scale of operation. In
contrast, schools with different mean input levels could have largely comparable
distributions of scores at individual pupil level but a VRS model would deem them not
comparable. Nevertheless, they decided to use the CRS model by adjusting the data so

that they become more compatible with the CRS assumption.

So far, this section has shown some examples of studies that utilised a CRS or VRS
model, and whether their choice of inputs and outputs are appropriate with the model. In
most of the studies, the relationship between inputs and outputs are not proportional and
thus, the VRS model would be more appropriate. However, there are studies that have
selective proportionality in their inputs and outputs and the use of the HRS model might

be more appropriate and might give a more realistic result.

For example, Ouellette and Vierstraete (2005, 2010) examined the efficiency of
Quebec’s school boards during a period of severe cutbacks in their finance. Following
Banker and Morey (1986), they employed the VRS model with capital constraint to
calculate the efficiency score. They used the number of teaching staff, the number of
other staff, supplies and material, and energy as inputs, while capital, number of primary
pupils, and number of secondary pupils were used as outputs. The number of teaching
staff is proportional to the number of pupils because with more staff, schools can take

more pupils and the increase in the number of staff is based on the staff-pupil ratio such
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as 1 staff to 20 pupils. Thus, there exists selective proportionality in the input-output

relationship in this case and the HRS model would be more appropriate for this study.

Another example of a DEA study that utilised the VRS model where there is selective
proportionality in their input-output choice is Lovell et al. (1994). One of the inputs in
this study is total number of staff while one of the outputs is average number of classes
taken multiply by the enrolment. The relationship between these input-output is
proportional since the increase in the number of staff could lead to a proportional

increase in the enrolment. Thus, the HRS model would fit befter in this study.

There are many more studies of school efficiency that utilise the number of pupils and
teachers as variables but most of them use pupil-teacher ratio as input (e.g. Mante and
O’Brien, 2002; Mante, 2001, Mancebon and Molinero, 2000; Mancebon and Bandrés,
1999; McCarty and Yaisawarng, 1993; Ray, 1991}). One study use both variables as
input (Fare et al. 1988). Other studies that has selective proportionality in their mput-
output choice can be found in the measurement of university efficiency (e.g. Abbot and
Doucouliagos, 2003; Avkiran, 2001; Madden, 1997, Arcelus and Coleman, 1997

Tomkins and Green, 1988).

Not many researchers highlight the inappropriateness of both the CRS and VRS model
in measuring the efficiency of schools except Thanassoulis and Dunstan (1994) as have
been discussed carlier. Therefore, this study is trying to develop a new method of

measuring school efficiency by employing the HRS model as in Podinovski (2004). The
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HRS model is more appropriate in the measurement of school efficiency when there is

selective proportionality in input-output relationship.

2.5 Change in Efficiency Over Time

In section 2.2.1 we described measures of the efficiency of a DMU in a specific period
of time. This section will elaborate the concept of change in efficiency over time and the
Malmaquist index as a method of measuring efficiency change over time. Much of the
material in this section is based {from Johnes and Johnes (2004), Coelli et al. (2005), and

Thanassoulis (2001).

25.1 Concept

As proposed by Malmquist (1953), the growth in productivity between two different
periods can be measured by constructing quantity indices as ratios of distance functions.
The output distance function measures how close a particular level of output is to the
maximum attainable level of output that could be obtained from the same level of inputs
if production is technically efficient. This is the same as the technical efficiency

described in section 2.2.1.

Figure 2.4 illustrate the concept of change in efficiency over time. Let us suppose DMU
P produces two outputs, y; and y,, by utilising imput x. PF! and PF'* are the
production frontiers for DMU P in two different periods, t and ¢ + 1 respectively. The
position of PF'*, which is outside PFY, and not parallel to each other show that

improvement in technology has occurred. Production level has changed from P, in
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period t to P, in period £ + 1. By using the definition given in Equation (2.1), the
technical efficiency of the DMU in period t is TE, = OP,/OP}! while the technical
efficiency in period ¢ + 1 is TE,q = OP,1/OPE[!. TE, is the same as output distance
function for period ¢t and can be represented by D5(x;, Vie, V2e ). Similatly, TE;,, is the
same as oufput distance function for period t + 1 and can be represented by D" (x;. o,

Vie+1> Yart1)-

Figure 2.4: Measuring change in efficiency over time
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2.5.2 The Malmquist Index

The Malmquist index was introduced by Caves et al. (1982). They named this index
after Malmquist (1953) who proposed constructing quantity indices as ratios of distance
functions. It is an index representing total factor productivity (TFP) growth of a
decision-making unit (DMU). It reflects progress or regress in efficiency along with

progress or regress of the frontier technology over time under the multiple inputs and
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multiple outputs framework. Since the enhancement by Fére et al. (1994), the
Malmquist index has become the standard approach within the nonparametric literatare

to measure productivity over time.

From section 2.5.1, the change in efficiency over time can be examined in two ways, i.e.
by referring to technology in period t or by referring to technology in period ¢ + 1. By
referring to technology in period t, first, the technical efficiency at point Py, is
compared to the maximum that could be achieved with respect to period ¢ technology.
This can be denoted as DE(xpyrq, Vierr, Yaesr) Of OPryy/OPE . Then, the technical
efficiency at P, is compared to the maximum that could be achieved with respect to
period ¢ technology. This can be denoted as D (x¢, Vi, Y2i ) of OP,/OP{ (same as TE at
point 7). The Malmquist output-oriented productivity index (Malmquist, 1953) with

respect to the first period’s technology (MS) is then defined as

¢
Mt =~ DE (%41, Y1041,Y2041) . OPy1/O0FPpyy
o DE(xe,y1t,Y20) OP/OPf

By referring to technology in period t + 1, first, the technical efficiency at point P4 18
compared to the maximum that could be achieved with respect to period t+ 1
technology. This can be denoted as D5 (i1, Virg1, Yars1) OF OPeyy JOPEEL. Then, the
technical efficiency at P, is compared to the maximum that could be achieved with

respect to period t+ 1 technology. This can be denoted as DEY'(x, vip,y2) or
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OP,/OPf*. The Malmquist output-oriented productivity index with respect to the

second period’s technology (ML+?) is then defined as

1

MEFT = DEY (xpi1, V141 Voter) _ OPrpr /OPHE]
O - t —

D (xeysevat) OPcjOPETE

Now there are two measures of change in productivity over two periods of time. The
problem is which measures should be used for calculating the change in productivity
over the two periods? Fire et al. (1989, 1994) solved this problem by using the
Malinguist output-oriented productivity change index (M,) which is defined as the

geometric mean of Mf and M5+,

1

1 1

M. = {Mt Mt+1]"§ - [Dg(xt+1ny1t+11yzt+1) DEY (e, Vite1Varen) |2
° orTroe D5(xe.¥162t) DEF (e v1ed2t)

Following Fare et al. (1989, 1992), Equation (2.2) is equivalent to:

1
M. = DEY (X y1,V1t41,Y2641) [ DE(Xpr1.¥1ee1.V2e41)  DE(xeyieya) |2
o =

De(xey16Y2t) DEY M (xp g1, y1e+ L Y2041} DET (e Y16 Y2t)

where:

t+1
D" (X1, V141, Y2t 41)

Lfficiency Change (EC) = D (X ¥10Y2t)
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1
Dg(xt+1’y1t+1:y2t+1) Dg(xt!yltfth) g

Technical Change (TC) = .
DEF (ke ¥ae + L ¥aper) PE e, yur, var)

Hence, the Malmquist productivity index is the product of the change in relative
efficiency that occurred between periods 7 and ¢ + 1, and the change in technology that

occurred between periods fandz+ 1.

The Malmquist index presented in this section is based on CRS. When the underlying
technology does not exhibit CRS, the change in productivity may be impacted by
changes in scale size. To capture the impact of scale size Fére et al. (1994) proposed a
further decomposition of the Malmquist index such that EC = PTEC x SEC where
PTEC is Pure Technical Efficiency Change and SEC is Scale Efficiency Change. Thus,

when the underlying technology exhibit VRS, the Malmquist index is defined as

M, =

1
t+1 ¢ t =
Dot ey Ve Yorar) SECET (pp1, V1t e1.V2e41) [D0crs(xt+1'3’1t+1'y2t+1) Do s (e Y1ed2e) |2

Dé o (xeyieyar) SEC{(xey10.¥2¢) ADEE Cerry et Lyarer) T DER Geevaevae)

(2.4)

However, as demonstrated by Grifell-Tatjé and Lovell (1995), the Malmquist index
provides an inaccurate (biased) measure of productivity change in the presence of non-
constant returns to scale. Coelli et al. (1998) agreed that a CRS-based Malmgquist index
could correctly measure productivity change even if the underlying technology exhibits

VRS. Following this finding, more studies of the Malmquist index decomposition have
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been done and many researchers have proposed altemate decompositions of the VRS-
based Malmquist index. Among them are Ray and Desli (1997), Simar and Wilson
(1998), Zofio and Lovell (1999), Grifell-Tati€é and Lovell (1999) and Balk (2001). A

summary of some of these can be found in Balk (2001).

On the other hand, Lambert (1999) argued that the biased result as shown by Grifell-
Tatjé and Lovell (1995} is caused by the omission of the scale effect since total factor
productivity measure assumes CRS. Lambert insisted that the VRS-based Malmquist
index as proposed by Fire et al. (1994) is not biased and is indeed an accurate measure
of productivity change if the scale effect is introduced. Grosskopt (2003) also sees
nothing ‘wrong® with Fire et al.’s (1994) Malmquist index based on empirical VRS
technologies as long as users are aware that it does not have an average product

interpretation.

This study will follow the VRS-based Malmquist index decomposition as in Fire et al.
(1994) but the calculation will be modified to accommaodate the use of the HRS DEA
model where the VRS-based efficiency score is replaced by the HRS-based efficiency
score and the CRS-based efficiency score is replaced by the C-HRS-based efficiency
score. This is one of the main contributions of this study because for the first time, the
Malmgquist index is used with the HRS DEA model. The HRS-based Malmquist index
will be described in detail in Chapter 3. Next, a review of previous studies on measuring
educational institutions efficiency changes over time by using the Malmquist Index is

given,
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2.6 Review of the Use of the Malmquist Index in Measuring Educational
Institution Efficiency Change Over Time

Among the studies that used the Malmgquist index to measure school efficiency are
Grosskopf and Moutray (2001), Liu et al. (2004), Fare et al. (2006), Ouellette and
Vierstraete (2010), and Barley et al. (2010). In measuring the higher education
institution change in efficiency over time, these studies e1.11ployed the Malmquist index :
Johnes et al. (2004), Castano and Cabanda (2007), Hu and Liang (2008), Worthington

and Lee (2008), Thanassoulis et al. (2010), and Garcia-Aracil ef al. {2009).

From the studies that measure school efficiency as cited in the above paragraph,
Grosskopf and Moutray (2001), Liu et al. (2004), and Fare et al. (2006) employed a
CRS-based Malmgquist index. Grosskopf and Moutray (2001} used DEA type techniques
to estimate the indirect distance functions and then used them to construct productivity
index over the 1989-94 period. They employed a CRS-based Malmquist index which
has been modified to the indirect case as In Fire et al. (1985). Liu et al. (2004) employed
a CRS DEA model to evaluate the efficiency of the vocational education institutions in
Taiwan. They then used the CRS-based Malmquist index to calculate the efficiency
change over time. Fire et al. (2006) used a modified Malmquist index which will allow
inputs and proxies for quality of inputs to be accounted for. They employed a CRS-
based Malmquist index using output distance function similar to an output-oriented
DEA model. They decomposed the productivity change into a quality change
component and a productivity change component that does not include quality. In these

studies, none has discussed the scale effect and the VRS-based Malmquist index.
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The other two studies i.e. Ouellette and Vierstraete (2010) and Barley et al. (2010)
employed a VRS-based Malmquist index in calculating the change efficiency over time.
Ouellette and Vierstracte (2010) used Malmquist indices with quasi-fixed inputs to
measure the efficiency of school districts in the Province of Québec, Canada. They
employed both a CRS-based and a VRS-based Malmquist index in calculating the
change in efficiency and the results from both methods were compared and described in
detail. In using the VRS-based Malmquist index, they acknowledged it might lead to
strong bias as shown by Grifell-Tatjé and Lovell (1995). However, they argued that
Lambert (1999) has shown that the bias is caused by the omission of the scale effect and
to obtain a valid measure, the scale effect must be introduced. That is what they have
done to come up with the VRS-based Malmquist index in their study. Barley et al.
(2010) employed a VRS-based Malmquist index to come up with the Educational
Malmguist Index which is then used to compare the public-private school management
in the Basque country. They utilised the decomposition proposed by Ray and Desli

(1997).

In measuring the efficiency of higher education institutions, some studies employed a
CRS-based Malmgquist index (Johnes et al., 2004; Castano and Cabanda, 2007
Thanassoulis et al., 2010) and others employed a VRS-based Malmquist index
(Worthington and Lee, 2008; Garcia-Aracil et al., 2009). Johnes et al. (2004) and
Thanassoulis et al. (2010) employed both a CRS and a VRS DEA models in calculating
efficiency scores but resorted to the CRS-based Malmquist index in calculating

efficiency change over time due to the bias introduced in measuring efficiency change
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using VRS technology. Worthington and Lee (2008) followed Coelli et al. (1998) to
decompose the VRS-based Malmquist index into technical efficiency change,
technological change, pure technical efficiency change, scale efficiency change, and
total factor productivity change. Garcia-Aracil et al. (2009) employed a VRS-based
Malmquist index by decomposing the Malmquist index into technical change, pure

efficiency change and scale efficiency change as in Simar and Wilson (1998) and Zofio

and Lovell (1998).

Even though the number of studies that employed the Malmquist index to measure
educational institutions is not that big, most of the studies are very recent and this shows
that there is a growing interest in this topic. So far, there is no study in Malaysia that
used the Malmquist index to measure educational institutions (as in this study) and only
a few similar studies can be found in that region (Liu et al,, 2004 (Taiwan); Hu and

Liang, 2008 (China); Castano and Cabanda, 2007 (Philippines}).

The issue of the decomposition of the Malmquist index as discussed in the previous
section has been addressed in some of the studies where several of the studies resorted
to a CRS-based Malmquist index while others resorted to a VRS-based Malmquist index
depending on the objectives of their studies. As mentioned in the previous section, this
study will follow the VRS-based Malmquist index decomposition as in Fire et al.
(1994) but the calculation will be modified te accommodate the use of the HRS DEA

model. The modification of the VRS-based Malmquist index to be used with the HRS
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model is an important contribution of this study. The HRS-based Malmquist index will

be described in detail in Chapter 3.

2.7 Non-Parametric Statistical Tests

This study compares the efficiency scores and Malmquist indices of schools in three
different categories i.e. school type, state, and location. There are three groups in school
type and state categories while location category has two groups. In comparing different
groups of DMU, it is necessary to test for statistically significant differences between
them in order to ascertain that the difference did not occur by chance (Cooper et al.,
2007). Due to the non-parametric nature of DEA, nonparametric statistical tests are
more naturally used with DEA scores (Grosskopf, 1996). Non-parametric tests do not
require assumptions about the population distribution function for comparing function of
different groups, which is required under the parametric tests (Conover, 1999). Brocket
and Golany (1996) suggested the use of non-parametric rank statistics such as the Mann-
Whitney test for evaluating the possible differences between two groups of DMUs and
the Kruskal-Wallis test for evaluating the differences among more than two groups.
They also stressed that other non-parametric methods can be used to investigate a
variety of important issues relating to the results of the DEA methods, meluding inter-

temporal analysis and efficiency trends.

The Mann-Whitney test is a non-parametric test for assessing whether two independent
samples come from different populations by testing for significant difference between

their medians. A significant difference in the medians means they are representing
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different populations with different median values (Sheskin, 2004), The Mann-Whitney
test was proposed initially by Wilcoxeon (19453), for equal sample sizes, and extended to
arbitrary sample sizes and in other ways by Mann and Whitney (1947). This test is
identical to performing an ordinary parametric two-sample #-test on the data after
ranking over the combined samples. Among the DEA studies that utilised the Mann-
Whitney test are Chen and Yeh (2000), Reichmann (2004}, Rodriguez-Diaz et al.
(2004), Sowlati (2007) and Kantabutra (2009). Chen and Yeh (2000} conducted the test
to verify whether two sample banks were drawn from the same productivity change
populations. Reichmann (2004) appiied the test to look for any significant difference in
the efficiencies of different library groups. By employing the Mann-Whitney method,
Rodriguez-Diaz et al. (2004) tried to compare the extensive and intensive agriculture in
their study of irrigation efficiency in Andalusia. Sowlati (2007) used the test to examine
a frontier shift and determine the number of periods to include in an inter-temporal
analysis. Kantabutra (2009), in his study of urban rural and size effects on school

efficiency in Thailand, examined the effects by using a Mann-Whitney test.

The Kruskal-Wallis one-way analysis of variance by ranks (named after W. Kruskal and
W.A. Wallis) is a non-parametric method for testing equality of population medians
among groups and is identical to a one-way analysis of variance (ANOVA) with the data
replaced by their ranks. It is an extension of the Mann-Whitney test to a design
involving three or more independent groups (Sheskin, 2004). A significant result of the
Kruskal-Wallis test indicates that at least two of the samples represent populations with

different median values (Sheskin, 2004). Many DEA studies employed the Kruskal-
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Wallis method in testing for significant difference among groups of DMUs. For
example, Nozick et al. (1998) used the Kruskal-Wallis test to examine whether the
distribution of passengers per vehicle was different, based on the background condition.
Jaforullzh and Premachandra (2004} conducted a Kruskal-Wallis test to check for
significant difference in mean technical efficiencies from three different models. Van
der Meer (2005) used Kruskal-Wallis test to examine significant differences in vearly
DEA scores. Kruskal-Wallis and Mann Whitney tests were used by Yang (2006) 1o
assess whether different region or different preferred language of the customers are
important factors affecting branch performance. Oliveira et al. (2009) used the Kruskal-
Wallis test to investigate whether the homeport can explain some of the variation in the

ML,

The Mann-Whitney and Kruskal-Wallis tests discussed so far are used to examine the
difference between independent groups of DMUs. For dependent or related groups of
DMUs, suitable non-parametric tests are the Wilcoxon matched-pairs signed-rank test
and the Friedman two-way analysis of variance ranks test. The Wilcoxon matched-pairs
signed-ranks test is a non-parametric statistical hypothesis test involving a design with
two dependent samples (Sheskin, 2004). The test is named after F. Wilcoxon who
proposed the method. The hypothesis evaluated with the test is whether or not in the
underlying populations represented by the samples, the median of the difference scores
equals zero. A significant difference indicates a high likelihood that the two samples
represent two different populations (Sheskin, 2004). Examples of DEA studies that

utilised Wilcoxon matched-pairs signed-rank test are Hollas et al. (2002} who performed

52



the test to inspect the equality of the efficiencies between two different policy periods,
Sufian (2009) who employed the test to examine the differences between the mean
efficiencies of the traditional DEA and alternative DEA muodels, and Roh and Choi
(2010) who conducted the test to examine the differences in brand efficiency among

three brands.

The Friedman two-way analysis of variance ranks test is employed in a hypothesis test
involving a design with two or more dependent samples. A significant result from this
test indicates a high likelihood that at least two of the samples represent populations
with different median values (Sheskin, 2004). In DEA studies, the Friedman two-way
analysis of variance ranks test was used among others in Soares and Brazdil (2000) to
deduce that there is significant difference in mean correlation of the three different
groups they compared, in Haas and Murphy (2003) who examined the equality of the
results of four different methods, and in Talluri and Narasimhan (2004) who checked

whether the cross-efficiency scores of 23 suppliers are significantly different.

This study will utilise ail four statistical tests that have been discussed in this section to
test for significant differences in the efficiencies of different types of schools, as well as
schools in different states and locations. The details of the implementation procedure of

all four tests will be given in Chapter 3.

53



2.8 Previous Studies on the PPSMI Policy

Since the PPSMI policy was implemented in 2003, a lot of studies of the policy have
emerged. The studies looked at various aspects of the policy such as problems and
challenges in implementing the policy, as well as the outcome of the policy. On the
challenges in implementing the policy, some studies have been carried out to evaluate
teachers’ competency in English and their readiness to implement the policy. Daud
(2004) and Kon (2005) found that teacher readiness is at an intermediate to high level
even though some teachers admitted that they lack proficiency in English. They claimed
that competency in English for most teachers is just average where teachers are said to
generally understand the English language, but lack the oral skills to teach subject
matter in English. In terms of preparing the teachers for the change in the medium of
instruction, Idris et al. (2007) found that most teachers were satisfied with the training
(pre-service or in-service) they had received. However, many teachers felt they still

needed more training, especially regarding the use of English to communicate with

pupils.

Other than looking at the language problem faced by the teachers, a number of studies
“discussed the language problems faced by pupils such as pupils’ language needs (Chan,
2003), lack of vocabulary and confusion with certain words (Zubir, 2003), and difficulty
in understanding non-scientific terms in the scientific context (Samsudin and Ismail,
2004). Following these findings, Idris et al. {2006) discussed the need for understanding
pupil problems in using the English language. They have shown that challenges arising

from the implementation of the PPSMI policy can be overcome if the school sets up a
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planned and concrete intervention programme with various strategies directed at

teachers and pupils.

One of the important efforts.by MOEM to help teachers and pupils in adapting to the
new policy is by providing them with courseware (teaching and learning computer
applications) to facilitate the teaching and learning process. Surveys on the overall
usefulness of courseware found that the majority of teachers agreed that the courseware
helped them to teach in English (Peh, 2003; Idris et al., 2006). However, the use of
courseware has reduced the interaction between teachers and pupils as revealed by Koh
(2006} in his observation of 21 teachers’ instructional practices. Teachers were found to
be mainly using the click and show approach and depending on the voice-over in the

courseware to explain science concepts.

Many studies have also been conducted to evaluate the outcome of the policy. Several
studies reveal that pupils with low proficiency in English are in general not performing
well in examinations (Surif et al., 2006; Haron et al., 2008). Studies on the effect of the
policy to pupils in different locations indicate that after the implementation of the
policy, pupils in urban schools did better than those in rural schools (Kiong et al., 2005;
Long, 2005; Surif et al., 2006; Hamzah and Abdullah, 2009). Hamzah and Abdullah
(2009) also found that the performance of national school type is the most affected when
compared to other types of schools. Surprisingly, Nor and Aziz (2009) found that 20.5
percent of the pupils in a fully residential school complained that their mathematics and

science grades had deteriorated due to the implementation of the PPSMI policy.
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All the studies discussed in this section developed their evaluation methods. Studies on
the problems and challenges in implementing the policy were based on the perception of
teachers and pupils, as well as observations. Studies of the outcome of the policy were
mostly based on the instruments developed to measure pupils’ performance or simply
based on the results of standardized examination. The data were analysed by means of

simple statistics such as frequencies and percentages.

2.9 Gap in the Literature

Based on the literature reviewed in this section, there are three important contributions
of this study. First and foremost, this study develops a new method of measuring school
efficiency by employing the HRS DEA model. As shown in the previous section, all
studies that measure school performance by using DEA usually employed VRS or CRS
models and sometimes both models. The use of CRS DEA models requires the
assumption of full proportionality between all inputs and outputs but such
propottionality cannot always be true because not all inputs and outputs are proportional
to each other (e.g. number of teachers and the number of pupils with good grade on
exit), The VRS assumption would be more appropriate for the education process.
However, the assumptions of VRS under a situation where input such as the number of
teachers is proportional to output such as the number of pupils will lead to a lower
discrimination of the DEA model and overestimation of the efficiency of units. Thus,
this study is intended to fill this gap in the literature by developing a hybrid approach

(HRS model) that combines the assumption of CRS with respect to the selected sets of
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inputs and outputs, while preserving the VRS assumption with respect to the remaining

indicators.

The second contribution of this study is the development of an HRS-based Malmquist
index to measure the change in efficiency over time. An HRS-based Malmgquist index is
developed in this study by modifying the VRS-based Malmquist index to accommodate
the C-HRS technology. C-HRS is the cone extension of the HRS technology just as CRS
is the cone extension of the VRS technology. C-HRS is a technology resulting from the
synchronisation of axioms in the CRS technology and the axiom of selective
proportionality. Some studies that used Malmquist index utilised CRS technology while
some studies utilised VRS technology in calculating the index. This study is the first that

utilises HRS and C-HRS technologies in calculating the Malmquist index.

The third contribution of this study is to the PPSMI policy itself where the implications
of the policy for the schools performance in mathematics and science subject will be
analysed based on efficiency scores and the Malmquist index. This is the first study to
utilise PEA and the Malmquist index to measure the schools efficiency concerning the
PPSMI policy. Thus, this study contributes to the PPSMI policy by looking at the
implications of the policy from a different perspective. This study is hoped to get more
understanding of the implications of the policy for the schools performance and thus

help MOEM to decide on the future direction of the policy.
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2.19 Summary and Conclusion

This chapter introduced the concept of efficiency and the techniques for its
measurement. Two popular techniques of efficiency measurement namely the non-
parametric DEA and the parametric SFA were compared by looking af their
characteristics, as well as analysing the strengths and weaknesses of each method. A
more detailed description of DEA, especially the new extension in DEA involving HRS
technology was given. Then, a discussion of how to measure school efficiency by using
the general efficiency measurement approach is followed by the review of studies that
use DEA to measure educational institution efficiency, in particular, school efficiency.
The number of studies that employed DEA to measure school efficiency has grown
rapidly since the first study by Charnes et al {1978) and is still growing. Most of the
studies, especially the recent ones, utilised the VRS model but based on their input-

output choice, the HRS model could have been employed in some of the studies.

This chapter continued with the discussion of the concept of efficiency change over time
and the method for measuring it i.e. the Malmquist index. Then, the literature on the use
of the Malmgquist index to measure the educational institutions change in efficiency over
time is reviewed. The use of the Malmquist index to measure educational institution
over time has become more popular in recent years, which can be seen from the number
of new studies employing this methodology. Some studies were found to utilise CRS to
calculate the Malmquist index because of the issue of biased estimate if VRS is used.

Some studies utilised VRS based on the original decomposition suggested by Fire et al.
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(1994}, and alternative decomposition by Ray and Desh (1997), Coelli et al. (1998),

Simar and Wilson (1998) and Zofio and Lovell {1998).

The non-parametric statistical tests were also reviewed in this chapter since the
statistical tests will be used in this study to examine the differences in the efficiencies of
different groups of schools. DEA studies that employed four non-parametric statistical
tests namely Mann-Whitney, Kruskal-Wallis, Wilcoxon, and Friedman tests were
reviewed. Lastly, past studies on the PPSMI policy were reviewed before elaborating on
the contributions of the study. There is no study on the PPSMI policy that utilised either

DEA or Malmquist index methodologies.

The utilisation of the HRS DEA model and the HR S-based Malmquist index to measure
schools efficiency and efficiency change over time is a positive development in the
methodology of measuring their performance. The element of selective proportionality
can easily be identified in the input-output relationship in the process of education.
Thus, HRS technology would result in more realistic efficiency scores and would give a
better understanding of the school performance. In Chapter 3, the HRS-based
methodology developed to measure school efﬁciency in implementing the PPSMI policy

will be described in detail.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This study develops a novel method of measuring school performance by employing the
Hybrid Retuns to Scale (HRS) DEA model. It has never been applied to measure school
performance before. This study also develops a new HRS-based Malmquist index to
measure the change in performance after the implementation of the PPSMI policy. These
are described in this chapter. It begins with a description of the CRS, VRS, and 1IRS DEA
models. Then, the HRS-based Malmquist index developed in this study will be described.
After that, the conceptual framework of the study and the DEA models developed for this
study will be specified. Population and sample as well as data collection procedures will be
given next followed by the description of the efficiency scores and the Malmgquist index
calculation. The statistical tests that are used in this study will be explained before the

summary and conclusion of the chapter.

3.2 Data Envelopment Analysis

3.2.1 Concept

DIIA is an approach for evaluating the relative efficiency of a set of homogeneous PMUSs
which convert multiple inputs into multiple outputs. The term relative efficiency is used
because in DEA, a DMU is to be rated as fully efficient on the basis of available evidence if
and only if the performances of other DMUs does not show that some of ifs inputs or

outputs can be improved without worsening some of its other inputs or outputs (Cooper et
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al., 2004). This definition avoids the need for recourse to prices or other assumptions of
weights which are supposed to reflect the relative importance of the different inputs or
outputs. It also avoids the need for explicitly specifying the formal relations that are
supposed to exist between inputs and outputs. This basic kind of efficiency is referred to as

“technical efficiency”.

DEA estimates technical efficiency by first constructing a production possibility set (PPS)
assumed to contain all input-output correspondences which are feasible and then estimating
the maximum feasible expansion of the output or contraction of the input levels of the
DMUs within the PPS. The estimation of the efficiency of DMUSs is conducted using linear

programiming models.

The DEA meodels that provide a radial measure of inefficiency require one to choose
between an input and an output orientation. The objective of the input-oriented model is to
minimise inputs while producing at least the given output levels. On the other hand, the
output-oriented model tries to maximise outputs while using no more than the observed
amount of any inpuf. The choice between an input-oriented and an output-oriented model
can be based upon considerations of which factors are more easily controlled by the DMU.
In measuring school performance, output-oriented model is more appropriate since input

usage cannot be freely adjusted.

To show the concept of DEA graphically, consider a simple illustration of a set of six

DMUs, A, B, C, D, E, and F, with each unit consuming the same amount of an input, x, and
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producing different amounts of outputs, ¥, and y,. For a given amount of nput, units
providing greater amounts of the outputs will be the efficient ones. By plotting y;/x against
yo/x, as in Figure 3.1, it can be identified that DMUs A, B, C, and D are efficient DMUs
since no other units can produce more of both outputs, The piecewise linear boundary,
which joins up these DMUs, provide an envelope round the entire data set and can be
considered as the efficiency boundary. The data set is enclosed in the envelope by drawing
a line from A to y and D to y';. DMUs E and F, however, lie within this envelope and
therefore are inefficient. All efficient DMUSs received an efficiency score of 1 while DMUSs
operating below the efficiency boundary receive a score between 0 and 1, with lower

efficiency scores indicating greater degree of inefficiency.

Figure 3.1: Graphical Representation of DEA with 1 Input and 2 Outputs
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The line drawn from the origin through DMU E can be extended to the boundary at point

I’, which represents a DMU that is a combination of DMUs A and B and could produce
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more of both outputs, given the input, than DMU E. Thus, OE/OE’ represents the efficiency
of DMU E with respect to the efficient boundary. The outputs of DMU E could be
proportionally increased by the amount OE*/OE without increasing the input. This is an
output-oriented DEA model where outputs are being maximised given the amount of inputs
available. An input-oriented measure of technical efficiency could be estimated in the same

way but by plotting the ratio of input to each output.

For DMU F, which is also an inefficient DMU, the line drawn from the origin through it
can be extended to the boundary at point F’. However, at the same quantity of input, DMU
D could produce the same level of y; and more of ocutput y,. Thus, DMU F could also
increase its level of y» output to be the same as produced by D. This is known as slack. This
is observed in the owutput-oriented model where output could be increased without
increasing the input, and in the input-oriented model where input could be reduced without
causing a decline in output values. For all technically efficient units, these slack values will

be zero.

As mentioned in Chapter 2, the two basic convex DEA models are the constant returns to
scale {CRS) and the variable refurns to scale (VRS) models. Each of these models has two
mutually dual forms: the primal, also referred to as envelopment, and the dual, also referred
to as multiplier, forms. In the next sections, description of the envelopment and multiplier
form of both the VRS and CRS models will be given. Also, as mentioned in Chapter 2, we
will focus on the output-oriented model because it is more suitable in measuring school

efficiency where the input cannot be freely adjusted.
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3.2.2 The Envelopment VRS Model

The VRS DEA model {(also known as the BCC model) was introduced in Banker et al.
(1984). To present the model, suppose that we have n DMUs where every DMU;, j =1,2, ...,
n, produces the same s outputs in varying amounts, ¥y (r = I,.2, ...y §), using the same m
inputs, X (i = 1, 2, ..., m) also in varying amounts. It i1s assumed that at least one output and

at least one input are positive.

The production possibility set is represented as

T={(XY)| Y =0 can be produced from X > 0}
The following properties for the production possibility set, 7, are postulated:

Postulate 1. Convexity. If (X;,¥) € T,j=1,..,nand 4; = 0 are non-negative scalars such
that Y7, A; = 1, then (T}, 4 X;, X A V) €T.

Postulate 2. Inefficiency Postulate. (2) If (X,Y) € Tand X = X, then (X,Y) € T. (b) If (X, 1)
ETand0 < Y <Y, then (X,Y)ET.

Postulate 3. Minimum Extrapolation. T is the intersection of all sets T satisfying Postulates
1 and 2, and subject to the condition that each of the observed vectors (X;,¥;) € T,j =

i, .., n.

T is the smallest set consistent with the observed data and the postulated properties of the
production possibility set. Postulate 2 is referred to as “Free Disposability” in the

economics literature. It indicates that inefficient production is always possible in the form
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of more inputs, smaller outputs or both. Employing Postulates 2 and 3, it can be deduced
that a vector (X,¥) is in the set 7' if and only if X = Y7, A4;X;, and ¥ < F7., 4; ¥} for
some A; =0,j=1,..,n, satisfying the condifion that Z}Ll Aj = 1. The procedure
developed in this model assigns an efficiency rating of 1 to a DMU if and only if the DMU

lies on the efficient production surface.

The efficiency (output-oriented) of a specific DMU; can be evaluated by the output-oriented

envelopment VRS model as follows,

maximise Zy
n
subject to z Xy < Xijy s Vi
=

A =0 V)

This output-oriented envelopment model seeks the set of A values which maximise Z; to 7"
and identifies a point within the VRS production possibility set whose output levels reflects
the highest proportion Za to which the output levels of DMUjy can be radially expanded

without any increment to its input levels. Zy is referred to as pure technical efficiency. The
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efficiency score Z, for the efficient unit is 1, while inefficient ones will have a Z, value of

more than 1. The efficiency of the inefficient units is then calculated by taking _21_
a

As explained in section 3.2.1, the radial projection X, Z3Y, may not be fully efficient
because of the presence of positive residual slacks, so a second stage optimization stage
based on the additive model is usually implemented to identify fully efficient and weakly

efficient units (Cooper et al., 2007).

3.2.3 The Envelopment CRS Model

The CRS DEA model was introduced in Charnes et al. (1978) and is known as the CCR
(Charnes, Cooper, Rhodes) model. Under this assamption, if we scale the input levels of a
feasible unit up or down, then another feasible unit is obtained in which the output levels

are scaled by the same factor as the input levels.

Suppose, we have » DMUs and the production possibility set, T , with input possibility set
L(Y) and output possibility set P(X), as in the VRS DEA model presented in the previous
section. However, T for the CRS model has one extra property as shown in the following

Postulates,

Postulate 1. Convexity. If (X, Y} €T,j =1, ..,nand 4; = 0 are nonnegative scalars such
that 5.4 4 = 1, then (BT, 4 X, Xy 4 V) € 7.
Postulate 2. Inefficiency Postulate. () If (X,¥) € Tand X > X, then (X,Y) € T. (b) If (X, )

cTand 0=V <V, then (X,Y)ET.
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Postulate 3. Ray Unboundedness. If (X,Y) € T then (kX,kY) € T for any k> 0.
Postulate 4. Minimum Extrapolation. T is the intersection of all sets T satisfying Postulates
1, 2 and 3, and subject to the condition that each of the observed vectors (XJ,, K,) eT,j=

i,..,m

The extra postulate in this model is Postulate 3, i.e. “ray unboundedness”. This postulate
enabled us to extfrapolate the performance of the most efficient DMUs with efficient scale
sizes (for their given input and output mixes) and identify any scale inefficiencies that may
be reflected in the level of operations of other DMUSs. The difference between this model
and the VRS model is that the VRS model evaluates the production inefficiencies at the

given level of operations for each DMU only (and not of other DMUs).

As in the previous section, T'is characterised as the smallest set satisfying the observed data
and the postulated properties. They imply that every (X,¥) of the form
(k X5=1 4 Xj, k Xieq 25 X;) with k> 0 and A; = 0 is in 7. Employing Postulates 2 and 4, we
can deduce that a vector (X ) € Tif and only if X 2 kX7 4 X;, and ¥ < k3T, &Y

for some &> 0 and some J4;, j = 1, ..., n, satisfying the condition 4; = 0.

The efficiency (output-oriented) of a specific DMU; can be evaluated by the output-oriented

envelopment CRS model as follows,
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maximise Zy

n
subject to Z AXip = Xij, Vi
=1
mn
Z AYej = ZoYes, VT
71
,'{J >0 V]

The difference between this model and the VRS model is that this model does not have the

constraint Z}Ll A; = 1. In an output-oriented model, the envelopment formulation seeks a
set of 4 values, which maximise Z; to Zj and identifies a point within the data set which
produces the highest proportion Zj of output levels of DMU j, while using input levels
which are as low as those of DMUj,. This point is a composite DMU corresponding to the
linear combination of efficient DMUs (Z}"zl L&y, B Ay Yrj), withi=1,. . mandr=1,
s 8. Zy 18 termed the fechnical efficiency of DMUj,. The efficiency score Z; for the

efficient unit is 1, while inefficient ones will have a Z, value of more than 1. The efficiency

of the inefficient units is then calculated by taking % This model is also solved by using a
Q

two-stage procedure similar to the VRS model shown in the previous section.
3.2.4 The Multiplier CRS Model

Based on the basic theory of linear programming, every linear programming problem has

another closely related linear program known as its dual. The dual for the envelopment
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CRS model is called the multiplier CRS model. In the case of output orientation, the model

is given below:

m
minimise hg = Z viXij,
i=1
m 5
subject to Z vXjj uY; =20, j=1,..,n
i=1 =1
5
Z u,.YrjO 1
r=1

u,v; =0, Vrandi
In this formulation, the output maximisation model minimises the total weighted input in
the linearised multiplier form. u, and v; are the multipliers or weights for the output and
input respectively and treated as variables in the model. The relative efficiency score for

DMUyj, is given by 1/h,.

3.2.5 The Multiplier VRS Model

The dual for the envelopment VRS model is called the multiplier VRS model. It includes
an additional variable w,, which makes it possible for returns to scale (RTS) classification
(increasing, constant and decreasing). In the case of output orientation, the multiplier

formulation for the VRS model is as follows:
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Tt

minimise hy = Z viXij, — @o
i=1
m S
subject to Z Xy — ZuTYTj —wy=0, j=1,..,n
i=1 r=1

5
Z uT‘YTjg =1
r=1

uv; >0, Vrandi

wy free

All variables in this model are constrained to be non-negative except for w, which may be
positive, negative or zero with consequences that make it possible to use optimal values of
this variable to identify RTS. When a DMU is fully efficient and all slacks equal zero, the
optimal value of wg, i.e. wy in (3.4), can be used to characterise the situation for RTS.
Increasing RTS prevail if and only if wj < 0 for all optimal solutions. Decreasing RTS
prevail if and only if wy > 0 for all optimal solutions and constant RTS prevail if and only

if wy = 0 for all optimal solutions.

3.2.6 The HRS Model

In the previous models, the input-output relationship is either proportional (CRS) or not
proportional (VRS). In many cases however, not all of the inputs and outputs are
proportional to each other or not all of the inputs and outputs are not proportional to each
other. Variables involving the physical level or the actual amounts might usually have the

proportional relationship but variables involving quality of resources or products/services

70



are not normally proportional to each other. For example, in the education sector, the
number of teachers is uvsually proportional to the number of pupils but teachers’
qualification is not normally proportional to pupils’ quality. In this situation, the use of the
CRS model 1s not valid since the full proportionality cannot be assumed while the use of
the VRS model will result in a less discriminating measurement since the VRS model does
not represent the true scope of the technology. Motivated by this situation, Podinovski
. (2004) developed a Hybrid Returns to Scale (HRS) technology based on the assumption
that only some of the inputs and outputs exhibit mutual proportionality while the remaining
inputs and outputs do not. The HRS technology is partly the CRS technology with respect
to inputs and outputs that are proportional to each other, and partly the VRS technology
with respect to the remaining inputs and outputs. The HRS technology is generally more

discriminating than the VRS technology and in some cases, the CRS technology.

To present formally the HRS model, consider a production technology 7 with m inputs and
s outputs. A vector of inputs, X, and a vector of outputs, ¥, represent DMUs in 7. / and O

represent the sets of all inputs and outputs respectively. If J = {1,2,...,n} is the set of

observed DMUs, they can be denoted as (Xf ,Yi ) and their individual inputs and outputs

are X lj and Yrj respectively where 7 is the input and r is the output of the observed DMU j.
At least one input and one output of each observed DMUj are assumed to be strictly
positive. A fundamental concept in the HRS technology is the concept of sclective

proportionality. Consider the following partition of the input and oufput sets I and O:

[ =17 uNg, 0 = 0F yohN?
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where the subsets 1Y, NP, 0F, and ONF are mutually disjeint. In selective proportionality,
0" and IYare assumed to be proportional while ONY and I™Pare not. Selestive
proportionality can be defined in two possible scenarios, expansion and contraction

scenarios.

The expansion scenario occurs when the expansion factor o is more than 1. In this scenario,
if the inputs from the subset I* increased, the outputs from the subset OF will also increase
proportionally. In other word, if the inputs are multiplied by o, the outputs are
simultaneously multiplied by o. The remaining inputs and outputs are left unchanged. The

formal definition of the resulting DMU (X%, ¥Y%) in the expansion scenario is:

aX;, ifieff aY., ifreof
X“z{ o Y2 { i 3.1)

i X, ifielN? Y., ifreoN’

The contraction scenario occurs when the contraction factor a is such that, 0 < a < 1. In
this scenario, if the inputs from the subset I decrease the outputs from the subset 0F will
also decrease proportionally. This is the same as in equation (3.1) where both the inputs
and outputs are multiplied by the factor a. However, the reduction of I¥ might affect the
remaining outputs but in an unspecified way. The worst-case scenario is to assume that they
would be reduced to zero. The formal definition of the resulting DMU (X%,Y%) in the

contraction scenario is:
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xae —

4

{aXL-, ifiel® va {a'Yr, if r € OF
X, ifie NP ' 0, ifreoNt

(3.2)
Based on the selective proportionality concept, the DMU (X%, Y*) should be regarded as
feasible for any @ > 1 in the expansion scenario and for any @ inthe range 0 S a < 1 in

the contraction scenario.

The HRS technology 7' is defined by the following set of axioms. The technélogy T is

induced by the application of the minimum extrapolation principle (used in Banker et al,,

1984) to the axioms:

(A1) Feasibility of observed data. The unit (X / Yj) € T foranyj €[

{A2Y Convexity. The set T'is convex.

(A3) Freedisposability. (X,YY €T,Y =Y = 0and X < X' implies (X', V') € T.

(A4) Selective proportionality: Let (X,Y) € T. For any a > 1, define unit (X%, ¥%) as in
(3.1). For any « such that 0 < a < 1, define unit (X%, Y%) as in (3.2). Then
(X" YY) eT. |

(AS5) Closedness: The set T'is closed.

In the HRS model, unlike the CRS and VRS models, it has to be stated explicitly that the
set of T contains all its limit points. This is done in axiom (A5). The technology defined by
this set of axioms will turn into the CRS technology if the sets I¥ include all inputs and

OF include all outputs. Indeed, in this case the unit (X%,Y%) = (aX, aY) is feasible for any



a = 0. Likewise, the technology will turn into the VRS technology if no selective

proportionality is assumed, where the sets /¥ and OF are defined as empty sets.

The effect of the contraction scenario as described in equation (3.2) is deliberately assumed
to be the worst (reduced to zero) since the extent of the contraction is not known. However,
the convexity axiom (A2) would ensure that the drop is in the same proportion «

(Podinovski, 2004).

The constructive description of the HRS technology is given by, first, defining the X and Y,
the n1 x n and s x # matrices whose columns are the input and output vectors X7 and Y/ of
the observed DMUs. Then, define the matrices X and ¥ as follows. The matrices X is
obtained from X by changing to zero all rows i € IN' . The matrix ¥ is obtained from ¥ by

changing to zero every row r € ON°

Theorem 1 (Podinovski 2004) Technology T is the set of all nonnegative pairs (X, ¥) such

that

X= XA+ Xu—Xv+d (3.3)
Y= Vi+ Yu—Yv—e (3.4)
n

Z 4 =1 (3.5)
j=1

Az v forallje ] (3.6)
Au,veRY deRMec€ RE (3.7)
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The efficiency of DMUj, can be obtained using the dual multiplier formulation, as well as
the envelopment formulation. However, there is no intuitive interpretation of the HRS
model in the multiplier form. Results under the envelopment formulation are easier to
interpret and use, since they can be used to identify the radial improvement of inputs and
outputs. The envelopment formulation for the output-oriented approach of the HRS model
is obtained by taking the reciprocal value of the maximum value z by solving the following
program. By converting the equations in (3.3) and (3.4) fo more traditional inequalities, the

slack vectors  and e are omitted from the program.

maximise A (3.8)
subject to XA+ Xu—-Xv<Xx,

YA+ VYu—Vvzzy,

NG
N
Il
[

—
It
i

o
v
=

Vie/f
Awv =0

Z free

The model in (3.8) evaluate the radial efficiency of DMU j, and identify its radial
projection on the bouﬁdary (X*,Y*) equal to (X,,Z*Y,). As in the CRS and VRS models,
the radial projection (X, ¥™) may not be fully efficient in the Pareto sense. To test for the
inefficiency in the Pareto sense, second stage optimisation may be conducted with the aim

of maximising the sum of input and output slacks d; and e,. DMUj, is fully efficient if and
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only if its radial efficiency is egual to 1 and the sum of slacks S* is equal zero. The sum of

slacks is obtained by the following program:

m s
S*:maxzdi+Zer (3.9)
i=1 r=1

subject to XA+ Zu—Xv+d=x"

YA+ Pu—-Yv—e=Y"

sz:1

If DMU j, is not fully efficient, model (3.9) identify its efficient target as (X* —d*, Y +
e*), where d* and e” are optimal in model (3.9). The corresponding proofs can be found in

Podinovski (2004).

There is one important observation regarding the HRS technology following Theorem 3 in
Podinovski (2004): If IZ = I, the HRS technology is a subset of the CRS technology. If
I? = I, the HRS technology is not a subset of the CRS technology. This observation
motivated Podinovski (2009) to extend the HRS model, which is discussed in the next

section.
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3.2.7 The HRS Model Extension

A further development in the HRS technology was explained briefly in section 2.2.3,
Chapter 2. This development was motivated by cases where the technology exhibits both
full and selective proportionality, in which case either CRS or HRS might be used to
measure the efficiency. The illustration of this situation can be found in Podinovski (2009).
It showed that, if If # I, the simultaneous assumption of the full and selective
proportionality induces hypothetical units beyond the scope of both the CRS and HRS
technologies. This indicates a ‘generally larger technology than the simple union of both

technologies.

The technology is referred to as the C-HHRS technology. It is defined by the same axioms
(A1) to (AS) as in the HRS technology plus the additional axiom of full proportionality:

(A6) Full proportionality. 1f (X,Y) € T, then (aX,aY) € T forany @ = 0.

The C-HRS technology can be viewed as the minimal technology, which expands the HRS
technology by allowing full proportional scaling of the units in the HRS technology. It can
be viewed as the cone technology induced by the HRS fechnology just like the CRS
technology as the cone technology induced by the VRS technology. The constructive

definition of the C-HRS technology as given by Podinovski (2009) is:

Theorem 2 Technology C-HRS is the set of all nonnegative pairs (X,Y) that satisfy

conditions (3.6), (3.7), (3.8), and (3.9).
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This theorem states that, except for the normalising equality (3.8), which is removed, the C-
HRS technology is described by exactly the same linear conditions as in the HRS
technology. This is consistent with the removal of condition (3.8) to obtain the CRS
technology as the cone extension of the VRS technology. The C-HRS technology is utilised
in this study to calculate the HRS-based Malmauist index based. This is described in the

next section.

3.3 The HRS-Based Malmquist Index

The Malmquist index was introduced and described in detail in Chapter 2. This chapter
describes HRS-based Malmquist index developed in this study to measure the change in
school performance over time. It follows the VRS-based Malmquist index shown in
equation (2.4), Chapter 2. In equation (2.4), the index represents a technology with one
input, x, and two outputs, y; and y». To simplify the equation, the VRS-based Malmquist

index is rewritten to represent a technology with one input, x, and one output, y. It is

defined as

t t+1 t z

+1 . 1

M. = Doirs (ea 10 ¥er1) SECG  (r2y,Vewr) [D6ors(Xen, Vo) Dio_ers (e, i) |2

Jo t : t AL “pt+l
¢ Dogvrs(xtryt) SECo(xtht) Do_crs(xt+1:yt+1) Do_crs(xtryt)
Malmgquist Pure Technical Scale cfficiency Techaical
Index efficiency change change change
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where

Dt+1
e = Efficiency of DMU j, computed under the VRS assumption using data of
Do_vrs
period 7+1 relative to the efficient boundary of period «.
Dt .
ﬁ = Efficiency of DMU j, computed under the CRS assumption using data of
o_crs
period £ relative to the efficient boundary of period £+1.
SECEHT . ) . . .
= Scale Efficiency of DMU j, computed using data of period r+] relative
SECS 0

to the efficient boundary of period «.

In the decomposition of Malmquist index under the assumption of the HRS technology,
efficiency under the VRS assumption is replaced by efficiency under the HRS assumption.
As has been described in the previous section, the C-HRS technology is the cone
technology of the HRS technology. Thus, efficiency under the CRS assumption is replaced
by efficiency under the C-HRS assumption. The decomposition of the Malmquist index

under the HRS assumption is as follows:

1
t+1 ¢ t 3
Dt (er s Vo) SECE N (i1, ¥e41)  [P8 chrs@er, Year) D cnrs (e Vi) |2

M, = ) . .
t t t T+1
& Dy prs (e, V) SEC (%t yt) DG ks e rs Yeas) DEls (e v0)
Malmquist Pure Technical -~ Scale efficiency Technical
Index efficiency change change change
where
Dtt}
Eot;—”— = Efficiency of DMU j, computed under the HR'S assumption using data of
o_hrs

period /+7 relative to the efficient boundary of period £
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Dt
DZ;T = = Efficiency of DMU j, computed under the CRS assumption using data of

o_chrs

period £ relative to the efficient boundary of period ¢+1.

Definition of SEC is the same as above,

3.4 DEA Models for the Evaluation of School Performance in Mathematics and
Science Subjects

This study is trying to evaluate implications of the PPSMI policy for the Malaysian school
performance in mathematics and science subjects. The level being measured in this study is
upper secondary level, which consists of pupils in form 4 and 5. The output oriented HRS
DEA model will be used to measure the school performance, while HRS-based Malmquist
index will be used to measure the change in performance over time in particular before and

after the implementation of the policy.

The first step when applying DEA is to specify the inputs used and outputs produced by
schools. ldeally, any resources used by schools should be included as an input while
outputs may include performance and activity measures. However, unavailability of data
due to various constraints is limiting the choice of inputs and outputs. Even if data are
available, an attempt to incorporate too many inputs and outputs measures might result in
several problems. One of them is the problem of multicollinearity when using statistical
techniques, where it causes problems in nonparametric techniques such as DEA (Pedraja-
Chaparro et al., 1999). Consequently, some important input variables may be omitted but in

the context of education, the included inputs are likely fo be correlated with the omitted

80



inputs. This will cause biased in statistical studies (Bifulco and Bretschneider, 2001;

Johnes, 2004).

One way of choosing variables is by looking at previous empirical evidence as suggested
by Chalos and Cherian (1995). As discussed in Chapter 2, there are three minimum aspects
to be taken into account when assessing the school performance. They are school related
factors, pupils’ ability/academic results, and environmental factors (Hanushek, 1986;
Thanassoulis, 1996). Based on the literature on the measurement of school performance as
presented in Chapter 2, the performance of Malaysian school in implementing the PPSMI
policy will be measured by using inputs and outputs reflecting teachers, pupils’ academic

results and environmental factors. This is discussed further in the next subsections.

3.4.1 Inputs

Teacher is an important resource on the input side and this variable can be measured in
many ways such as the number of teachers, the level of experience and the cost of salary.
This study will utilise the number of teachers as one of the inputs. This variable was used in
many studies that measure school performance (Fire et al.,, 1988; Lovell et al., 1994;
Grosskopf and Moutray, 2001; Maragos and Despotis, 2003; Primont and Domazlicky,
2006; and Alexander et al., 2010). However, data on the number of teachers, although
available, is not reliable due to the problem of double counting when calculating the
number of teachers of a specific subject. This is because teachers normally teach more than
one subjects. To overcome the problem, the number of classes of each mathematics and

science subjects will be used as a proxy for the number of teachers. In Malaysia, each class
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is provided with 1.5 teachers. For example, if a particular school has four mathematics
classes, then the school will get six mathematics teachers. This formula is the same for all
subjects. Altogether in our study, the school performance is measured based on five
subjects namely mathematics, science, physics, chemistry, and biology. These are main

mathematics and science subjects in Malaysia.

Pupils’ academic results before they enter the upper secondary level will be used as an
indicator of their quality on entry. Examples of studies that utilised this variable as input are
Bessent and Bessent (1980), Thanassoulis and Dunstan (1994), Portela and Camanho
(2009), and Khalili et al. (2010). This variable will be used with the number of pupils with
good grades in mathematics and science subjects in SPM examination, which is an
indicator of their quality on exit, to measure the value added by schools. The number of
pupils with good grades in mathematics and science subjects in PMR examination will be
used for this purpose. PMR is taken by pupils at the end of form 3, just before they enter

the upper secondary level.

Another variable that will be used as input in this study is the environmental factor in the
form of pupils’ socioeconomic status (SES). Ruggiero (1996, 1998, and 1999) stressed the
importance of including these variables because it can substantially influence the level of
output that schools abtain. It is more difficult to teach children with low SES background
thus schools with this characteristic might routinely be classified as inefficient. This
problem is addressed by the incorporation of environmental variables (Coates and Lamdin,

2002). In this study, the variable to measure pupiis’ SES is parents’ income. Pupils with
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high parents’ income are considered having high SES. Schools with high number of pupils
from high SES have an advantage compared to those with many low SES pupils. Examples
of studies that used input on parents’ socioeconomic status or income are Bessent and
Bessent (1980), Smith and Mayston (1987), Sengupta (1990), McCarty and Yaisawarng

(1993), Chalos and Cherian (1995), Chalos (1997), and Soteriou et al. (1998),

3.4.2 Outputs

There are two main outputs in this study namely the total number of pupils and the number
of pupils with good grade on exit. Although many studies used the total number of pupils as
input to education (see Johnes, 2004), there are many cases where the number of pupils {or
students/enralment) is used as proxy for output (Ahn and Seiford, 1993; Avkiran, 2001;
Abbott and Doucouliagos, 2003; OQuellette and Vierstraete, 2005, 2010; Millimet and
Collier, 2008; Franta and Koneény, 2009). According to Quellette and Viersiraete (2005,
2010}, the total number of pupils must be considered as one of the outputs because schools
help to socialise children. The number of teachers is provided based on the number of
pupils for this purpose but this contribution has no value if only the number of pupils who
passed certain criteria is taken as output. Thus, this study will utilise the number of pupils

for each subject as outputs.

The number of pupils with good grade on exit is the most common form of output in school
performance measurement (Nesbit and Palardy (2007). Most people use pupils’ academic
performance as a measure of schools’ performance. It is also an important selection

mechanism for further education (Ianushek, 1986). Examples of studies that utilised this
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variable are Bessent and Bessent (1980), Bessent et al. (1982), Fare et al. (1988), Ganley
and Cubbin (1992), Chalos and Cherian (1995), Engert (1996), Kirjavainen and Loikkanent
{1998), Mancebon and Molinero (2000), Ramanathan (2001), Kiong et al. (2003), Rassouli-
Currier (2007), Nesbit and Palardy (2007), Kantabutra (2008), and Morgan (2010). In our
study, the number of pupils with good grade (grades A and B) in the five mathematics and
science subjects in SPM examination will be used as outputs. SPM is an examination at the
end of the upper secondary school level. The next section presents the conceptual

framework of this study.

3.43 Conceptual Framework

Figure 3.2 presents the conceptual framework underlying the DEA models in this research.
Inputs consist of the number of classes, the number of pupils with good grade on entry
(grades A and B) and pupil’s socio-economic status (SES). Classes in this study refer to the
groups of pupils that learn the subjects. Outputs consist of the total number of pupils and
the number of pupils with good grade on exit. The process of teaching and learning of

mathematics and science utilises and produces these inputs and outputs respectively.

Every pupil is counted towards two outputs: total number of pupils and the number of
pupils with good grade on exif. The former represents quantity and the latter quality of the
output. On the quantity component, school with many pupils needs more classes and
teachers. This can be a burden to the school and must be taken into account when
measuring its performance. On the quality component, school that has many pupils with
good grade on entry is having an advantage and must also be taken into account when

measuring its performance.
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A stadent who performs well, contributes to the efficiency of a school via both the quantity
and quality output. The weight of such a student is therefore the sum of two weights
attached to the two outputs. If a student is not performing well, they contribute to the
efficiency of the school only via one weight attached to quantity. Therefore, a student with
good exam results on exit has a higher total weight than a student with low achievement,

This higher “value” of good students is achieved without any use of weight restrictions.

Figure 3.2: Conceptual Framework

INPUTS OQUTPUTS

No of pupils with No of pupil
good grade on entry —— NOOf pupis
Teaching and learning
No of classes process at school ——» No of pupils with good

grade on exit
SES E— :

On the input side, the number of pupils with good grades on entry is divided into two
variables, one is for mathematics and the other is for science. The number of classes is
divided into five variables, i.e. one for each subject (mathematics, science, physics,
chemistry, and biology). Altogether, there will be eight inputs including the SES. On the
output side, the total number of pupils and the number of pupils with good grade on exit
will be divided info 5 variables each (mathematics, science, physics, chemistry, and

biology) thus there will be ten outputs altogether.
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Three different models will be developed based on the assumption of the CRS, VRS and
HRS to measure overall performance of schools in mathematics and science subjects, All of
them are output oriented models. The HRS model is the one that will be used to measure
the school performance in mathematics and science, while CRS and VRS models are
merely for comparison purpose. The inputs and oufputs for all models are as shown in

Table 3.1.

Table 3.1: Inputs and Outpats in AHl Models

INPUTS OUTPUTS

Mathematics pupils
Mathematics class _ )
) Science pupils
Science class

Physics pupils
Physics class )

Biology pupils
Biology class

Chemistry pupils

Chemistry class )
_ Good mathematics pupils on exit
Good mathematics pupils on entry ) .
_ ) Good science pupils on exit
Good science pupils on entry ) ) )
. _ Good physics pupils on exit
Pupils from high SES group ) . .
Good biology pupils on exit

Good chemistry pupils on exit

Some of the inputs are proportional to outputs but some are not. The number of classes is
proportional to the number of pupils because classes are formed based on the number of
pupils. Every class should have between 30 to 35 pupils. Therefore, an increase in the

number of pupils should be followed by an increase in the number of classes
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proportionately. This means the number of classes and the number of pupils shows CRS

refationship.

On the other hand, the number of pupils with good grade on entry is not proportional to the
number of pupils with good grade on exit. Although the number of pupils with good grade
on exit will be influenced by the number of pupils with good grade on entry, other factors
in the teaching and learning process also contribute fo pupils’ achievement. Hence, an
increase in the number of good pupils on entry does not necessarily lead to the same
increase in the number of good pupils on exit. As a result, these inputs and outputs show
VRS relationship. The number of pupils from high SES group is also not proportionately
related to the number of good pupils on exit even though more pupils from high SES are

getting good results on exit.

Although some of the inputs and outputs in this study are proportional while some are not,
we still assume fuil proportionality to come up with the CRS model and no proportionality
between the tnputs and outputs to come up with the VRS model. For the HRS model, which
is the main model in this study, wé utilise the proportionality of inputs and outputs as
explained above. Results from the CRS and VRS models in this study are used to compare
with the results from the HRS model. This is to show that the HRS model is always better
than the VRS model and in certain cases, is better than the CRS model. All models are

shown in Appendix A3.1.
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3.5 Population and sample

At first, this study intended to evaluate the performance of all secondary schools in
Malaysia. However, the Ministry of Education Malaysia (MOEM) gave the permission to
evaluate the performance of schools in three northern states of Malaysia only namely
Kedah, Penang, and Perlis due to the difficulty for them to provide the data. Thus, the
population for this study consists of all 303 secondary schools from the three states. Out of
the 303 schools, only schools that meet the following criteria are selected as samples in this

study. The criteria are

» Schools that bave pupils taking PMR examination from 2003 - 2006

e Schools that have pupils taking SPM examination from 2005 - 2008

The PMR and SPM examinations results are used as measures of pupils’ quality on entry
and exit, respectively. The first cohort of pupils under the PPSMI policy took the SPM
examination in 2007. The latest year that could be included in this study is 2008 when the
second cohort of pupils under the new policy took the SPM examination. For ease of
comparison, the two years data before the implementation of the policy are used with the
two years data after the policy was implemented, i.e. from 2005 to 2008. Pupils who took
the SPM examination in 2005, took the PMR in 2003 when they were in form 3. For those
who took the SPM in 2008, they took their PMR in 2006, Therefore, only schools with
pupils who took the PMR between 2003 and 2006, and who took SPM between 2005 and
2008 are selected as samples for this study. The performance of schools without these data

cannot be calculated and have to be omitted from the sample.
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Ta:ble 3.2 summarises the number of samples by school type, state and location. Out of 303
upper secondary schools in the three states in 2008, only 237 schools fulfilled the specified
criteria. These schools are selected as samples for this study. Out of the 237 schools, 140
are from Kedah, 75 from Penang and 22 from Perlis. By school type, 222 are National, 5
Fully Residential and 10 Religious. In terms of location, 113 are urban schools and 124 are

rural schools.

Table 3.2: Number of Samples by School-Types, States, and Locations

School Type | State Urban Rural Total
Kedah 46 87 133
National Penang 53 17 70
Perlis 6 13 19
Total 105 117 222
Kedah 1 2 3
Fully Penang 1 0 1
Residential Perlis 1 0 1
Total 3 2 5
Kedah 1 3 4
Religious Penang 2 2 4
Perlis 2 0 2
Total 5 5 10

3.6 Data Collection
Data collection started with an application to conduct research in Malaysia to Economic
Planning Unit (EPU), Prime Minister’s Department Malaysia. This is the department that

manages the application and gives permission to all researchers from outside Malaysia to
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conduct research in Malaysia. Permission to conduct the research was granted by EPU on
April 2008. With the permission, data for this study were obtained from Malaysian
Examination Syndicate (MES), Educational Planning and Research Division (EPRD) and

School Division (8D).

Data on examination results for the selected schools are taken from MES, which is a
division under the MOEM in charge of handling public national examinations in Malaysia.
Two main examinations where the results are wsed in this study are Lower Secondary
Assessment (PMR) and Malaysia Certificate of Examination (SPM). SPM is a major
national examination at the end of form 5 and is equivalent to GCSE in England. PMR is a

national examination at the end of form 3.

Data on the number of pupils and teachers are taken from EPRD, which is in charge of an
application known as Education Management Information System (EMIS). EMIS is an
official application under the MOEM collecting all information regarding schools, teachers
and pupils in all government schools. Data in EMIS are updated thrice a vyear, i.e. 31
January, 30 June and 31 October. However, only data on 30 June is published in the
ministry’s official statistical book. In this study, data on the number of mathematics and
science pupils as well as the number of mathematics and science teachers are as of 30 June

of each year. Data on pupils’ SES was taken from School Division.
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3.7 Data Analysis

3.7.1 Calculation of Efficiency Scores and the Malmquist Index

The calculation of efficiency scores of each school is explained in Appendix A3.2. Since no
DEA software is readily available to be used with the HRS model, a mathematical
programming software known as LINGO is used to solve the model. LINGO allows us to
build models that extract information directly from databases and spreadsheets. Similarly,

LINGO can output solution information right into a database or spreadsheet.

Before LINGO was used to solve the HRS model, we first use LINGO to sclve the CRS
and VRS models. Results from LINGO for the VRS and CRS models were compared with
the results from the DEA software such as Warwick DEA and DEA Solver to ensure
accuracy and consistency of the LINGO programming that is developed for this study.
After that, the programming was extended for the HRS model. Appendices A3.3, A3.4 and
A3.5 show the LINGO programming for the HRS, VRS and CRS models respectively.
LINGO was also used to calculate the efficiency under the C-HRS model. The efficiency
scores from the HRS and C-HRS scores were then used to calculate the Malmquist index

using the equation (3.17).

3.7.2 Infeasibility Problem in Calculating Malmquist Index

One crucial issue in calculating the Malmquist index is the problem of infeasibility.
Infeasibility in such calculation may arise when attempting to express future production
levels intertemporal as convex combinations of production sets drawn from a current period

(Bjurek, 1996). Tone (2004) pointed out that the oriented VRS models suffer from the
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problem of infeasible solution in the super-efficiency (intértemporal} score estimation.
Super-efficiency estimation refers to the estimation of efficiency across different periods of
time. This is not a rare case, since the Malmquist model deals with data sets over time that
display large variations in magnitude and hence the super-efficiency model suffers from

many infeasible solutions.

Briec and Kerstens (2009) conclude that there is no easy solution in general apart from
reporting any eventual infeasibility. In a many circumstances, the problem of infeasibilitics
cannot be avoided irrespective of the estimation method used for technology. Reporting the
infeasibilities when computing productivity indices and indicators could then be one of the
options. However, only a few empirical studies explicitly report the prevalence of
infeasibilities in the Malmquist productivity index. Among them are Chitkara (1999) and

Mukherjee et al. (2001).

If there are schools that suffer from infeasibility problem in this study, they will be
excluded when analysing the implications of the PPSMI policy for the schools performance
since both the efficiency score and the Malmquist index are needed to analyse the schools

performance. The list of schools with feasibility problem will then be reported in Chapter 4.

3.7.3 Statistical Tests
As discussed in Chapter 2, four nonparametric statistical will be used to examine the
difference in the performance of schools in different groups. The four fests are Mann-

Whitney U Test, Kruskal-Wallis Test, Wilcoxon Signed Ranks Test, and Friedman’s Two-
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Way Analysis of Variance. This section will describe the implementation procedure of the

four tests. All descriptions are drawn from Sheskin (2004).

The Mann-Whitney U Test is used to evaluate a hypothesis that two independent samples
represent two populations with different median value. It is employed with ordinal data
involving a design with two independent samples. The null hypothesis in this test is that the
median of the population Group 1 represents equals the median of the populatioﬁ Group 2
represents. The alternative hypothesis is that the median of the population Group 1
represents does not equal the median of the population Group 2 represents. In this study,
The Mann-Whitney U Test will be used to examine the difference in the performance of
schools in two different locations, i.e. rural and urban. The assumption of this test is
satisfied in this case because location data are of ordinal type and the scores from schools in

different locations are independent from each other.

The Kruskal-Wallis Test is used to evaluate the hypothesis that in a set of two or more
independent samples, at least two of the samples represent populations with different
median values. It is employed with ordinal data mvolving a design with two or more
independent samples. This test is an extension of the Mann-Whitney U Test. The null
hypothesis is this test is that the median of the population each group represents are equal.
The alternative hypothesis is that there is a difference between at least two of the
population medians. In this study, the Kruskal-Wallis Test will be used to examine the

difference in the performance of schools in different states and of different types. There are

93



three states and three school-types in this study. The data are of ordinal type and the scores

from schools in different states and school-types are independent from each other,

The Wilcoxon Signed Ranks Test is used to evaluate a hypothesis that two dependent
samples represent two different populations. It is employed with ordinal data involving a
design with two dependent samples. The null hypothesis in this test is that the median of
differences between two different groups equals zero. The alternative hypothesis is that the
median of differences between two different groups does not equal zero. This test will be
used to examine the difference in the school performance when measured by using two
different models (HRS and VRS, HRS and CRS). This test will also be used to evaluate the
pairwise differences among the efficiency scores in different years. The data are of ordinal
type but the scores from different models and from different years are dependent since they

come from the same schools.

The Friedman’s Two-Way Analysis of Variance is used to evaluate a hypothesis that in a
set of two or more dependent samples, at least two of the samples represent populations
with different median values. It is employed with ordinal data involving a design with two
or more dependent samples. The null hypothesis in this test is that the median of the
population each group represents are equal. The alternative hypothesis is that there is a
difference between at least two of the population medians. This test is used to examine the
difference in the school performance in different years and the difference in the Malmquist
index across different periods. The data are of ordinal type but the scores across different

years and periods are dependent since they come from the same schools.
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The SPSS software will be used to compute all the tests at the 0.05 level of significance. If
the level of significance is less than 0.05, the null hypothesis will be rejected and the
alternative hypothesis will be accepted. For the Mann-Whitney and Wilcoxon Signed
Ranks Test, the two groups being tested will be concluded as significantly different if the
level of significance is less than 0.05. Otherwise, the null hypothests will be accepted and
the conclusion will be there is no significant difference between the two groups being
tested. For the Kruskal-Wallis Test and Friedman’s Two-Way Analysis of Variance, if the
level of significance is less than 0.05, the conclusion will be there is a significant difference
between at least two of the population medians. This will be followed by conducting
pairwise comparison to find the difference between each group. The pairwise comparison
for the Kruskal-Wallis Test is con.ducted using the Mann-Whitney U Test and for the
Friedman’s Two-Way Analysis of Variance, the pairwise comparison will be conducted
using the Wilcoxon Signed Ranks Test. If none of the fests gives significant results, then

the level of significance will be increased to 0.1,

3.8 Summary

This chapter described in detail the DEA methodology, especiaily the CRS, VRS and HRS
models that will be used to assess the school efficiency in this study. This is followed by
the introduction of the HRS-based Malmquist index as an extension to the Malmgquist index
described in Chapter 2. The HRS-based Malmquist index is developed to measure the
change in school performance over time by utilising the HRS medel efficiency scores.

Then, a more specific model developed specifically fo measure the Malaysian upper
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secondary school performance in mathematics and science subjects was described. The

inputs and outputs chosen for the DEA models in this study were explained in detail.

The number of schools and the criteria for choosing them were also given in this chapter.
Out of 303 schools in the population of this study, 237 were selected based the specified
criteria. Then the procedure of data collection including the sources of data was described.

Altogether, there were four sets of data from year 2005 to 2008.

Lastly in this chapter, the procedure of calculating the efficiency scores and analysing the
data were described. The efficiency scores were calculated by using a programming
software known as LINGO. Results from the programming were tested and compared with
results from ready-made software such as Warwick DEA and DEA Solver to ensure that the
programming is reliable and accurate. Then, the final section of this chapter explained the
statistical procedure that was used to examine the difference in the performance of schools

in different groups.
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CHAPTER 4

EMPIRICAEL ANALYSIS

4.1 Introduction

This chapter applies the methodology outlined in Chapter 3 to secondary schools in
three northern States of Malaysia namely Kedah, Penang and Perlis. The schools
comprise three different types namely the national, fully residential, and religious
types. They are located in either urban or rural locations. A series of data from 2005 to
2008 are used in this study. The first cohort of pupils under the English in the
Teaching of Mathematics and Science (PPSMI) policy took the Malaysian Certificate
of Education (SPM) examination in 2007. The latest year that could be included in this
study is 2008 when the second cohort of pupils under the new policy took the SPM
examination. For ease of comparison, 2 years data befor_e the implementation of the

policy are used with the two years data after the policy was implemented.

The number of schools in the three states in 2008 was 303 but only 237 are selected
for this study because they satisfied the data requirements (refer to Chapter 3 for a
detailed description of the data). Of these schools, 16 caused the infeasibility problem
when calculating the Malmquist index. The problem of infeasibility and the ways to
deal with it were discussed in Chapter 3. Schools with an infeasibility problem are
excluded from the analysis as both efficiency score and Malmquist index are needed to
analyse the school’s performance. The number of excluded schools is relatively small

compared to the total number of schools in this study. The list of schools with the
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infeasibility problem is given in Appendix A4.2. The final number of schools assessed
in this stady is 221. The foilowing table summarises the number of schools by state,

type. and location.

Table 4.1: Number of Schools by School-Types, States, and Locations

State School-type Urban Rural Total
National 43 79 122
Fully Residential 1 2 3
Kedah
Religious 1 2 3
Total 45 83 128
National 51 16 67
Fully Residential 1 0 1
Penang
Religious 2 1 3
Total 54 18 71
National 6 13 19
Fully Residential 1 0 1
Perlis
Religious 2 0 2
Total 9 13 22
National Total 100 108 208
Fully Residential Total 3 2 5
Religious Total 5 3 8
Grand Total 108 114 221

Al 221 schools are used in the analysis of school performance by school-type.
However, when analysing school performance by state and location, only the national
school-type (208 altogether) is used. This is because pupils in the national school-type
come from the nearby area but pupils in the fully residential and religious school-types
are selected from all over the country and state. Therefore, location does not affect the
performance of the fully residential and religious school-types. The performance is
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analysed in terms of the overall school performance, performance by school-type,
performance by state and performance by location. In each category, the performance
is analysed by means of the efficiency score, the Malmaquist index and statistical tests.
Although the policy is a national one, it is important to analyse the performance of
schools in different groups (school-type, state and location) because each group
contains pupils from different backgrounds. Thus, if the analysis shows that the
performance is significantly different, we would be able to conclude that certain a

group benefited or was adversely affected by the policy.

The efficiency score is used as a measure of school performance in one particular
period. The efficiency score is calculated by using the Hybrid Returns to Scale (HRS)
DEA model. The associated Variable Returns to Scale (VRS) and the Constant
Returns to Scale (CRS) models are used as a comparison. Ten inputs and eight outputs
are used in each model. The efficiency score is calculated for years from 2005 to 2008.
The efficiency scores in 2005 and 2006 are the efficiencies when Bahasa Melayu is
used in the process of teaching and learning mathematics and science subjects. On the
other hand, the efficiency scores in 2007 and 2008 are the efficiencies when English is
used in the teaching and learning process. A detailed description of the DEA ﬁmdels,
inputs and outputs, and interpretation of the efficiency scores, was given in Chapters 2

and 3.

In calculating the performance of a particular school, the pupils in that school are
assumed to be the same between entry and exit year. For example, if one pupil enters
the school in 2006, he or she is assumed to be there until exit year in 2008. Although
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there was some dropout, the figure was small and considered as insignificant.
Furthermore, this scenario happens almost equally in all schools and therefore is

ignored in this study.

The Malmgquist index is used to measure the change in performance over time and the
methodology has been explained in detail in Chapter 3. It consists of an efficiency
change and a technical change. The efficiency change can be further decomposed into
a pure technical efficiency change and a scale efficiency change. In this study, the
Malmquist index is calculated based on the efficiency scores from the HRS model. If
the value of the Malmquist index and any of its components is more than 1, this
denotes a progress in the performance, while values less than 1 denote deterioration in
the performance. The Malmquist index equal to I means the performance has not

changed.

In this chapter, the Malmquist index is used to calculate the changes in performance
over time based on year on year productivity changes. The Malmguist index is used to
calculate the productivity changes in three different periods namely 2005-2006, 2006-
2007, and 2007-2008. The first period (2005-2006) represents the time before the
implementation of the policy. The second period (2006-2007), represents the time
before and after the implementation of the policy. The third period (2007-2008)

represents the time after the implementation of the policy.

Statistical tests are used to look for significant differences in the performance of

schools in different categories and in the change in performance over time (before and
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after the implementation of the policy). The statistical tests used in this chapter were
described in Chapter 2 and described in Chapter 3. This chapter will focus only on
presenting the results. A more detailed discussion of the results, especially regarding

the implications of the policy for school performance will be presented in Chapter 6.

4.2 Comparison of the HRS, VRS and CRS models

The efficiency scores generated from the three models in each year (2005 to 2008) are
given in Appendix A4.1. Most of the efficiency scores under the HRS model are lower
than the scores under the VRS model and the CRS model although some scores are the
same. None of the scores under the VRS model is lower than under the HRS model
while a few scores under the CRS model are lower than under the HRS model. Table
4.2 shows the descriptive statistics of the efficiency scores of different models from
2005 to 2008. In each year, the HRS model has the lowest minimum and means score
followed by the CRS model and the VRS model. In general, the HRS model is more
discriminating than the CRS and VRS models. This result is in line with Podinovski
(2004). A statistical test is conducted to determine whether the difference in the

efficiency scores is significant in the statistical sense.

The efficiency scores from the HRS model are tested for significant difference from
the CRS and VRS models by using the Wilcoxon Signed Ranks Test. The null
hypothesis is the median of differences between the efficiency score distributions
equal 0. The alternative hypothesis is the median of differences between the efficiency
score distributions does not equal 0. The test results are given in Appendix A4.3. It
shows that all differences are significant beyond the 0.05 level. Hence, the null
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hypothesis (of each test) is rejected and the alternative hypothesis that there is a
significant difference in the median of differences between the efficiency scores under
the HRS and VRS (or CRS) models is accepted. Since the mean efficiency scores of
the HRS model is lower than the CRS and VRS models, it can be concluded
statistically that the HRS model is significantly more discriminating than the VRS and
CRS models. The above tests have shown that the HRS model developed in this study

resulted in a better estimate of the school efficiencies.

Table 4.2: Descriptive Statistics of Efficiency Scores of Different DEA Models

Year Model N MinimumiMaximum| Mean
HRS 221 .59 1.00 .9016
2005 VRS 221 .62 1.00 .9475
CRS 221 .62 1.00 .9345
HRS 221 .50 1.00 .9134
2006 VRS 221 .64 1.00 9551
CRS 221 .53 1.00 .9352
HRS 221 57 1.00 9105
2007 VRS 221 61 1.00 9570
CRS 221 61 1.00 .9399
HRS 221 b8 1.00 .8929
2008 VRS 221 .60 1.00 .9527
CRS 221 .60 1.00 9392

In the next sections, the efficiency score and the Malmquist index of schools from the
HRS models are analysed by four different categories, namely the overall, type, state,
and location. The efficiency scores and the Malmquist indices of schools in different
categories are tested for significant differences. A significant difference in the

efficiency scores represents a significant difference in school performance in one

102



particular year and a significant difference in the Malmquist indices represents a

significant difference in the change in performance over time.

Box-plots are used to show the distributions of efficiency scores and the Malmquist
mdices. With box-plots, it is easier to observe the spread and the difference in the
distributions. Box-plots show the median, upper and lower quartiles as well as
minimum and maximum data values. Box-plots also give some indication of the data’s

symmetry and skewness.

4.3 Overall School Performance in Mathematics and Science Subjects

4.3.1 Analysis of Efficiency Scores for Overall School Performance

The average efficiency scores in each year are used to assess the overall school
performance. Tigure 4.1 shows the average efficiency scores from 2005 to 2008, The
highest average efficiency score was recorded in 2006, just before the implementation
of the policy but started to drop after the policy was implemented in 2007, It indicates
that in 2008 the gap in performance of the most and the least efficient schools has

increased.

To get a clearer picture of the trend in efficiency scores, they were grouped into four
different categoriés i.e. fully efficient (efficiency = 1.0), 0.8 < efficiency < 1.0, 0.6 <
efficiency < 0.8, and efficiency < 0.6). Figure 4.2 shows the number of schools by the
four efficiency categories. Before the implementation of the policy, the number of
fully efficient schools was on the rise and the number of schools in the second and
third categories (efficiency between 0.6 and 0.99} was decreasing. The trend was
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reversed when the policy was implemented in 2007 where the number of fully
efficient schools started to decrease and the number of schools in the other groups
started to increase. The number of schools with an efficiency of less than 0.6 also
increased. This situation demonstrates that the distance between schools and the new
efficient boundary after the policy was implemented increased and hence the average

efficiency is lower as shown in Figure 4.1.

Figure 4.1: Average Efficiency Scores
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The increase in the distance between schools and the new efficient boundary could be
the result of an upward shift in the efficient boundary or a decrease in school
efficiency. If the new boundary had shifted upward, it would indicate that the
performance of schools that formed the boundary had increased while a lower average
efficiency score would show that the performance of the inefficient schools had not
increased as much as the fully efficient schools and hence become less efficient with
regard to the new efficient boundary. This situation will be analysed further in section

4.3.3 using the Malmquist index. Statistical tests are conducted to determine whether
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the differences in the efficiency scores in different years are significant in the

statistipa! sense. The results of the tests are discussed in the next section.

Figure 4.2: Number of Schools by Efficiency Categories
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4.3.2 Statistical Test for the Difference in Efficiency Scores Over Time

The distributions of the efficiency scores in each year are shown in Figure 4.3.
Friedman’s Two-Way Analysis of Variance by Ranks is used to test for significant
differences between them. The null hypothesis is that the distributions of efficiency
scores in 2005, 2006, 2007, and 20608 are the same and the alternative hypothesis is

that there i3 a significant difference between them.

The test result as given in Appendix A4.4(1) shows that there was a significant
difference beyond the 0.05 level in the distributions of the efficiency scores in
different years. Thus, the null hypothesis is rejected. Then, Wilcoxon Signed Ranks
Tests are conducted to evaluate the pairwise differences among the efficiency scores

in different years. The following pairs of years are used: 2005/2006, 2005/2007,
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2005/2008, 2006/2007, 2006/2008, and 2007/2008. The results as given in Appendix
A4.4(2) show that only two pairs were significantly different beyond the 0.05 level.
The two pairs are 2006/2008 and 2007/2008. Since the median efficiency score in
2008 was lower than the median efficiency scores in 2006 and 2007, it can be
concluded that the schools efficiency in 2008 was significantly lower than their
efficiencies in 2006 and 2007. Even though the efficiency in 2008 was the lowest, it
might be due to a higher efficient boundary and ﬁot a decrease in school efficiency

itself. This will be analysed in the next section by using the Malmquist index.

Figure 4.3: Distributions of Efficiency Scores
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433 Analysis of the Malmquist Index for Overall School Performance

The change in performance over time is measured by the Malmquist index. The
average Malmquist index and its decompositions are presented in Table 4.3, On
average, the Malmquist index increased by 1.79 percent. The increase is contributed
by the large increase in the third period (2007-2008) with an increment of 6.37
percent. The value of the Malmquist index attributed mostly to the technical change
where it had changed from a decrease of 3.13 percent in the first period (2005-2006)
to an increase of 6.97 percent in the third period. The efficiency change was on a
downward slide over the period of the study with a change from an increase by 1.92
percent in the first period to a decrease by 0.57 percent in the third period. This is due
to the decrease in the scale efficiency change by 1.13 percent. The pure technical

efficiency change on the other hand increased by 1.21 percent over the period of the

study.
Table 4.3: Malmquist Index and its Decomposition
2005-2006 | 2000-2007 | 2007-2008 | Average
Pure Technical Efficiency Change (1) 1.0190 1.0116 1.0057 1.0121
Scale Efficiency Change (2) 1.0002 0.9982 0.9887 0.9957
Efficiency Change (3) = (1)x(2) 1.0192 1.0097 0.9943 1.0078
Technical change (4) 0.9687 0.9916 1.0697 1.0100
Malmquist Index (5) = (3)x(4) 0.9873 1.0013 1.0637 1.0179

Although the mean efficiency score for 2008 was the lowest among the four years

being studied as shown in Figure 4.1, the schools performance in 2008 actually
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increased when compared to their performance in 2007. The large increase in the
technical change shows that the overall school performance increased considerably

and the new efficient boundary is much higher than in 2007.

A lower average efficiency score in 2008 is reflected in the decrease of the efficiency
change component, which shows that the performance of the inefficient schools
regressed, stagnated, or did not progress as much as the fully efficient schools. This
situation leads to a bigger gap between the performance of fully efficient schools and
mefficient schools and lower mean efficiency scores. In general, it can be concluded
that the overall school performance progressed in the third period, but the difference in
the performances of fully efficient schools and inefficient schools grew bigger. The
progress is tested for statistical significance and the results are given in the next

section.

4.3.4 Statistical Test for the Difference in the Malmquist Index

The distributions of the Malmquist index in different periods are tested for significant
difference. Figure 4.4 shows the distribution of the Malmgquist index in the three
different periods. Friedman’s Two-Way Analysis of Variance by Ranks is used to test
for significant difference across different periods. If there is significant difference,
Wilcoxon Signed Ranks Test will be conducted to examine the pairwise differences
between different periods. The null hypothesis is that the distributions of the
Malmquist index in the three periods (2005-2006, 2006-2007, and 2007-2008) are the
same. The alternative hypothesis is that the distributions of the Malmquist index in the
three periods are not the same. The tests results are given in Appendix A4.4(3). The
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test shows that the distributions of the Malmquist index in the three periods were

significantly different beyond the 0.05 level.

Figure 4.4: Distributions of Malmquist Indices
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Post hoc tests are conducted to examine the pairwise differences between the
Malmquist indices of national schools in different periods by using the Wilcoxon
Signed Ranks Test. The null hypothesis is the median of differences between the
distributions of the Malmquist indices in the first and second periods equals 0 (and
two similar tests for the first and third periods and the second and third periods). The
alternative hypothesis is that the median of differences between the distributions of the
Malmgquist indices in the first and second periods does not equal 0. The results of the
tests in Appendix A4.4(4) show that there are significant differences between the first

and third periods, as well as the second and third periods. Based on the median of the
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Malmquist indices distributions (Figure 4.3), the performance in the third period has
increased significantly as compared to the second and first periods. In the previous
section, it was concluded that the overall school performance progressed in the third

period. This section confirms that the progress was statistically significant.

4.3.5 Summary of Overall School Performance in Mathematics and Science
Subjects

The average efficiency score in 2008, i.e. two years after the implementation of the
policy, shows that variation in school performance was significantly bigger than in the
years before that. This resulted from the decrease in the number of fully efficient
schools and the increase in the number of inefficient Schoqls. This indicates that on
average, the distance between schools and the efficient boundary was greater, which

means more schools were less efficient when compared to the fully efficient ones.

Analysis by using the Malmquist index shows that the lower average efficiency in
2008 was due to the higher efficient boundary, which was caused by the increase in
the performance of fully efficient schools. On the other hand, the inefficient schools
have not progressed as much as the fully efficient schools, thus creating a bigger gap
between them and resulting in the lower average efficiency score in 2008, These
circumstances show that the PPSMI policy might have benefited some schools (the
fully efficient schools) but might have adversely affected the performance of other
schools (the inefficient schools). The question is why the performance had not change
significantly in 2007 as compared to the change in performance in 2008. This question

and other factors related to the change in performance in 2008 will be discussed in
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more detail in Chapter 6. The next sections will analyse whether the policy may have
benefited or adversely affected the performance of certain types of school or schools

in certain locations only.

4.4 Performance in Mathematics and Science Subjects by School-Types

4.4.1 Analysis of Efficiency Scores by Scheol-Types

The fully residential school-type is expected to be the best performer since its pupils
were selected among the best pupils from all over the country. Pupils in the religious
school-type are also able pupils who were selected from the all over the state.
However, the requirements to attend the religious school-type are not as high as to
attend the fully residential school-type. Logically, the fully residential schooi-type

would be the best performer followed by the religious school-type and the national

school-fype.
Figure 4.5: Average Efficiency Scores by School-Types
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The efficiency scores confirm that the fully residential type is the most efficient
among the three school-types followed by the religious and national school-types.
Figure 4.5 shows the average efficiency scores by school-type from 2005 to 2008, The
average efficiency scores of the religious and national school-types had increased in
2006. When the policy was implemented in 2007, their average efficiencies did not
change much but in 2008, their efficiencies started to decrease considerably. The fully
residential school-type remains fully efficient throughout the study except in 2006
where the average efficiency was slightly below 1. The gap between the average
¢fficiency of the fully residential school-type and the other school-types has widened

after the implementation of the policy.

Figure 4.6 shows the percentage of the national school-type by the four efficiency
categories from 2005 to 2008, The percentage of the national school-type was the
highest in the second category (efficiency between 0.8 — (.99) throughout the study
period except in 2006. Before the policy was implemented, the percentage of fully
efficient schools was increasing while for other categories, the percentages were
decreasing. It was the other way round after the policy was implemented: the
percentage of fully efficient schools started to decrease and the percentages for other
categories started to increase. This indicates that there was a bigger gap in the
efficiency of the fully efficient and the inefficient national school after the PPSMI

policy was implemented.
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Figure 4.6: Percentage of National Schooels by Efficiency Categories
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The fully residential school-type on the othef hand was fully efficient in each year
except in 2006 where one of the schools recorded an efficiency score of less than 1
(Figure 4.7). The efficiency of the inefficient school was actually almost equal to 1. It
seems that the efficiency of the fully residential school-type was not affected by the
policy since all fuily residential schools in this study remained fully efficient after the

implementation of the policy.

Figure 4.7: Percentage of Fully Residential Schools by Efficiency Categories
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Figure 4.8 shows the percentage of the religious school-type by the efficiency
category. All religious schools were in the top two categories. The percentage of the
fully efficient religious school-type increased in 2006 and remained the same in 2007

when the policy was implemented. However, the percentage dropped slightly in 2008.

Figure 4.8: Percentage of Religious Schools by Efficiency Categories
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Among the three school-types, the national school-type has shown a lower efficiency
immediately after the implementation of the policy. The efficiency of the religious
school-type was almost the same in the first year of the policy irnplementatioﬁ but it
was lower in the second year. The fully residential school-type remained fully efficient
after the policy was implemented. The efficiencies are tested for significant difference
and the results are given in the next section. Analysis by the Malmquist index in
section 4.4.3 will show whether the performance of each school-type has progressed,

regressed, or remained the same since the implementation of the policy.

114



4.4.2 Statistical Test for the Difference in Efficiency Scores of Different School-
Types

Statistical tests are conducted to test for significant difference in the efficiency of
different school-types. The differences are tested in two ways, i.e. the difference in-the
efficiency of different school;types in each year and the difference in the efficiency of
each school-type in different years. A significant difference in the efficiency can be
concluded if there is a significant difference in the distribution of efficiency scores of
different school-type. A significant difference in the schools efficiency after the

implementation of the policy shows that they might have been affected by the policy.

Figure 4.9 shows the box-plots of the distributions of efficiency scores by school-type
from 2005 to 2008. A Kruskal-Wallis Test is used to examine the differences in the
distributions of the efficiency scores of different school-types. The null hypothesis is
that the distribution of the efficiency scores in 2005 is the same across the national,
fully residential and religious school-types (and 3 similar tests for 2006, 2007, and
2008). The alternative hypothesis is that the distribution of the efficiency scores is

different across the national, fully residential and religious school-types.

The results of the Kruskal-Wallis tests are given in Appendix A4.5(1). The tests show
that throughout the study period, the distribution of the efficiency scores was
significantly different beyond the 0.05 level across the national, fully residential and
religious school-types. Based on the median, the school-type with the highest

efficiency was the fully residential followed by the religious and national school-
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types. This result is already expected due to the quality of pupils attending each type

of school.

Figure 4.9: Distribution of Efficiency Scores by School-Types and Year
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Post hoce tests are conducted to evaluate pairwise differences among the three school-
types. The Mann Whitney U Test is used to examine the differences in the
distributions of the efficiency scores between the national and fully residential school-
types, the national and religious school-types, and the fully residential and religious
school-types. The tests results are given in Appendix A4.5(2). The results indicate a
significant difference beyond the 0.05 level between the fully residential and national
| school-types in all four years. The difference was more significant in 2008 (p=0.008).

Tests on the national and religious school-types reveal that there were significant
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differences beyond the 0.05 level between their distributions of efficiency scores

throughout the study pertod.

The distributions of efficiency scores of the fully residential and religious school-types
on the other hand, had no significant difference beyond the 0.05 level throughout the
study period. These tests confirm that the efficiency of the fully residential and
religious school-types was significantly higher than the efficiency of the national
school-fype throughout the study period. The difference in the efficiency of the fully
residential and national school-types was more significant in 2008, 2 years after the
implementation of the policy, due to the lower efficiency of the national school-type.
For the fully residential and religious school-types, there was no significant difference
between their efficiencies throughout the study period (before and after the
implementation of the policy) even though the efficiency of the fully residential

school-type was higher than the religious school-type.

To test for significant difference in the efficiency of each school—type_ in different
years, Friedman’s Two-Way Analysis of Variance by Ranks is used. The null
hypothesis is that the distributions of efficiency scores of the national school-type in
2005, 2006, 2007, and 2008 are the same (and two similar tests for the fully residential
and religious school-type). The alternative hypothesis is that the distributions of
efficiency scores are not the same. If there is significant difference in the distributions
of the efficiency scores, a Wilcoxon Signed Ranks Test will be conducted to find the

pairwise differences between different years.
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The results of the tests are given in Appendix A4.5(3). For the national school-type,
there was a significant difference beyond the 0.05 level in the distributions of the
efficiency scores in different years. There were no significant differences in the
distributions of the efficiency scores in different years for the fully residential and
religious school-types. Thus, a Wilcoxon Signed Ranks test is conducted to examine
the pairwise differences in the distributions of the efficiency scores of the national
school-type in different years. The null hypothesis is that the median of differences
between the efficiency distributions in 2005 and 2006 equals 0 (and 5 similar tests
between 2005-2007, 2005-2008, 2006-2007, 2006-2008, and 2007-2008). The
alternative hypothesis is that the median of differences between the efficiency
distributions does not equal 0. The tests results in Appendix A4.5(4) show that the
efficiency scores of the national school-type in 2008 were significantly different
beyond the 0.05 level from its efficiency scores in 2007 and 2006. Based on the
median, we can conclude that the efficiency of the national school-type in 2008 was
significantly lower than its efficiencies in 2007 and 2006. There was no significant
difference in the efficiency scores of the fully residential and religious school-types in

any of the tests.

These tests confirm that the efficiency of the national school-type in 2008 was
significantly lower than that of the other school-types and of its own efficiencies in the
previous years. As discussed in section 4.3.2, the lower efficiency in 2008 might be
the result of a higher efficiency boundary and not a decrease in school performance.

This will be analysed by the Malmquist index in the next section.
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4.4.3 Analysis of the Malmquist Index by School-Types

The Malmquist index of schools by type and its decomposition from 2006 and 2008 is
shown in Table 4.4. The analysis is based on the year on year productivity changes.
Throughout the study period, the Malmquist indices of the national and religious
school-types were increasing whereas for the fully residential school-type it was
decreasing. On average, the Malmaquist index of the national school-type increased by
1.92 percent while for the religious school-type it increased by 3.06 percent. For the
fully residential schools, on average it decreased by 4.06 percent. The change in the
Malmquist index of each school-type is attributed mostly to the change in the technical

change.

Before the implementation of the policy, the Malmquist indices of all school-types
indicated a regression in performance. In the second period (performance in 2007
compared to performance in 2006), the national school-type showed some progress
but the fully residential and religious school-types still indicated regression in
performance. In the third period (performance in 2008 compared to performance in
2007), the national school-type continued fo have a progression in performance while
the performance of the religious school-type started to progress substantially but the

performance of the fully residential schooels continued to regress.

The Malmquist index for the national school-type changed from a regression of 1.33
percent in 2006 to a progress of 6.57 percent in 2008, The change in the Malmquist
index is attributed mostly to technical change where it had regressed by 3.19 percent
in 2006 but progressed by 7.04 percent in 2008. The efficiency change was
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decreasing: in 2006 it progressed by 2.03 percent whereas in 2008 it regressed by 0.44

percent. The progress in 2006 is attributed to the pure technical efficiency change but

the regression in 2008 is attributed to the scale efficiency change.

Table 4.4: Malmquist Index by School-Types

Pure Technical

Scale Efficiency

Efficiency Change!

Technical change

Malmquist Index

School-type Year Ffficiency Change Change
¥ (3)={1) x{2) (4) (5= (3} x (4)
{1} (2)
1.0203 0.9681 0.9877
1.0103 0.9926 1.0028
Nationai
0.8956 1.0704 1.0657
Fully
Residential
Religious

The performance of the religious school-type did not change much in 2006 and 2007

where it progressed by only 0.56 percent in 2006 and regressed by only 0.83 percent in

2007. However, in 2008 its performance progressed by 9.10 percent. The sudden

progress in the performance of the religious school-type is also attributed to the drastic

upward shift in the efficient boundary. Similar to the trend of the national school-type,

the efficiency change was on a downward (rend: in 2006 it progressed by 1.43 percent

whereas in 2008 it regressed by 2.79 percent. The regression in the efficiency change

is attributed to the regression in the pure technical efficiency score. The trend for the
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fully residential school-type was completely different from the other school-types. The
performance regressed throughout the whole period of the study. The regression is
attributed mostly to the technical change since the pure technical efficiency change
and the scale efficiency change were very close to | in all periods and therefore had no

effect on the Malmgquist index.

In general, the Malmaquist index in the third period indicates that the performances of
the national and religious school-types progressed and the performance of the fully
residential school-type regressed. This is attributed mostly to the shift in the efficiency
boundary where the efficient boundary of the national and religious school-types
shifted upward and the efficiency boundary of the fully residential school-type shifted
downward. Although as shown in section 4.4.1 and 4.4.2, the efficiency of the fully
residential school-type was better than the other school-types, the Malmquist index
shows that the performance of the fully efficient national and religious school-types
increased while the performance of the fully efficient fully residential school-type
decreased. This could be associated with the increase in the efficient boundary of the
national and religious school-types and the decrease in the efficient boundary of the
fully residential school-type. A more detailed discussion on the performance on each

school-type will be given in Chapter 5.

Section 4.4.2 has shown that the efficiency of the national school-type in 2008 was
significantly lower than the efficiency of other types of schools and also lower than its
own efficiencies in 2007 and 2006. This is caused by the increase in the efficiency of
fully efficient schools, which shifted the efficiency boundary upward. On the other
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hand, the efficiency of the inefficient schools had decreased with regard to the new
efficiency boundary. This created a bigger gap between the efficient and inefficient
schools. It is interesting to know why there were drastic efficiency changes of the
national and religious school-types in 2008, i.e. two years after the full implementation
of the policy, and why there was a big shift in the efficiency boundary. This will be
discussed in more detailed in Chapter 6. In the next section, statistical tests are
conducted to examine any significant difference in the change in performance across

school-types and over time.

4.4.4 Statistical Test for the Difference in the Malmquist Index of Different
School-Types

The distributions of the Malmquist index of each school-type are tested for significant
difference to see whether the Malmquist indices of each school-type are significantly
different from each other and over time. Figare 4.10 shows the distribution of the
Malmquist indices by schocl-type in three different periods. Friedman’s Two-Way
Analysis of Variance by Ranks is used to test for significant difference over time
while the Kruskal-Wallis Test is used to examine the significant difference in the
Malmaquist indices of different school-types. If there is a significant difference over
time, a Wilcoxon Signed Ranks Test will be conducted to examine the pairwise
differences between different periods. A Mann-Whitney Test will be conducted to

examine the pairwise differences between different types of schools.

For Friedman’s Two-Way Analysis of Variance by Ranks, the null hypothesis is that

the distributions of the Malmquist index of the national school-type in the three
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periods (2005-2006, 2006-2007, and 2007-2008) are the same (and two more similar
tests for the fully residential and the religious schools). The alternative hypothesis is
that the distributions of the Malmquist index of the national schools in the three
periods are not the same. The tests results are given in Appendix A4.5(5). The test
shows that the distributions of the Maimqui.st indices of the national school-type in the
three periods were significantly different beyond the 0.05 level. For the fully
residential and religious school-types, there was no significant difference in the

distributions of their Malmgquist index in the three periods.

Figure 4.10: Distributions of Malmquist Indices by School-Types
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Post hoc tests are conducted fo examine the pairwise differences between the
Malmquist indices of national schools in different periods by using the Wilcoxon
Signed Ranks Test. The null hypothesis is that the median of differences between the
distributions of the Malmquist indices in the first and second periods equals 0 (and
two similar tests for the first and third periods and the second and third periods). The
alternative hypothesis is that the median of differences between the distributions of the
Malmquist index in the first and second periods does not equal 0. The results of the
tests in Appendix A4.5(6) show that there were significant differences between the
first and third periods, as well as between the second and third period. Based on the
median of the Malmquist index distributions (Figure 4.10), the performance of the
national school-type increased significantly in the third period as compared to the first

and second periods.

Secondly, the Malmquist index distributions of different school-types are tested for
significant difference from each other in the three periods of study by using a Kruskal-
Wallis test. The null hypothesis is that the distribution of the Malmquist index in the
2005-2006 period is the same across the national, fully residential, and religious
school-types (and two similar tests for 2006-2007 and 2007-2008 periods). The
alternative hypothesis is that the distribution of the Malmquist index is not the same
across the national, fully residential, and religious school-types. The results of the tests
are given in Appendix A4.5(7). The tests show that the differences in the distributions
of the Malmquist index of different school-types were not significant in all periods of
the study. It is clear from Figure 4.10 that in 2008, the Malmquist index of the
religious school-type is higher than the Malmquist index of the fully residential
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school-type. However, the difference cannot be shown to be statistically significant
because the numbers of the fuily residential and religious school-types in this study are
too small (5 and 8 respectively). Krejcie and Morgan (1970) and Roscoe (1975) state
that the use of statistical analyses with samples less than 10 is not recommended. Gay
and Diehl (1992) recommended at least 30 subjects per group for experimental
research. Nevertheless, those schools are the only schools available for this study and
there was no choice but to proceed with what was available for this study. These tests
confirm the finding in section 4.4.3 that the performance of the national school-type in
the third period (2007-2008) was significantly higher than its performance in the other

two periods.

4,45 Summary of Performance in Mathematics and Science Subjects by
School-Types
The average efficiency scores show that the efficiency of the national school-type is
significantly lower than the efficiencies of the fully residential and religious school-
types throughout the study period. The difference is more significant after the
implementation of the policy. The efficiency of the national school-type in 2008 was
also significantly lower than its efﬂcienc.ies in 2007 and 2006. For the fully residential
and religious school-types, there is no significant difference between their efficiencies

or in their efficiencies before and after the implementation of the policy.

The Malmquist index shows that the performances of the national and religious
school-types have progressed significantly but the performance of the fully residential
school-type has regressed in the second year of the implementation of the policy. The
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change in performance is attributed mostly to the technical change. The insignificant
difference between the Malmquist indices of different school-types might be due to
the small number of the fully residential and religious school-types in this study even
though the Malmquist index of the fully residential school-type is apparently. lower

than the Malmquist indices of the national and religious school-types.

Surprisingly, the findings in this section indicate that the fully residential school-type
was adversely affected by the policy. Although the efficiency scores of the fully
residential school-type were the highest throughout the study period, the Malmquist
index shows that its performance regressed. For the national school-type, the lower
average efficiency score after the implementation of the policy indicates a bigger gap
between the performance of fully efficient and inefficient national schools. It shows
that some national schools might have benefited much from the policy while others
might have not benefited as much or might have been adversely affected by it. In the
next two sections, the performance of the national school-type will be analysed in
terms of state and location to see whether schools in certain states and locations

benefited or were negatively affected by the policy.

4.5 Performance in Mathematics and Science Subjects by States

4.5.1 Analysis of Efficiency Scores by States

Among the three states, Penang is the most developed and has more schools in urban
locations. Thus, we expect the efficiency of schools in Penang to be better than the
efficiency of schools in Kedah and Perlis. However, it appears from the efficiency
scores that the efficiency of schools in Kedah is the best followed by schools in
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Penang and Perlis. Figure 4.11 shows the average efficiency scores in the three

different states from 2005 to 2008.

Figure 4.11: Average Efficiency Scores by States
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Before the implementation of the policy, the average school efficiencies in all states
had increased but after it was implemented in 2007, the average efficiency of schools
in Kedah and Perlis started to decrease. Then in 2008, the average efficiencies of
schools in all states decreased with schools in Perlis decreasing the most. These results
indicate that the gap in the efficiency of fully efficient and inefficient schools in Perlis

has grown bigger after the implementation of the PPSMI policy.

The four categories of efficiency are analysed as in the earlier sections. Figure 4.12
shows the percentage of schools by the four efficiency categories in Kedah. The
percentage of fully efficient schools was on the rise in 2006 before the implementation
of the policy but it started to decrease after the policy was implemented where most of

the schools are in the second category (efficiency between 0.8 and 1.0). Even though
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the average efficiencies in 2008 and 2007 did not differ much, the percentage of fully
efficient schools dropped substantially as shown in Figure 4.12. This indicates that

more schools became less efficient after the implementation of the policy.

Figure 4.12: Percentage of Schools by Efficiency Categories in Kedah
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In Penang, the percentage of fully efficient schools decreased in the first year of the
policy implementation (Figure 4.13). In the second year, the percentage of fully
efficient schools increased while the percentages of other categories were about the
same as in 2006. However, the efficiency of some schools went down to below 0.6, It
shows that the efficiency of many schools in Penang increased after the policy was
implemented although a few schools became less efficient with regard to the new

efficient boundary.

128



Figare 4.13: Percentage of Schools by Efficiency Categories in Penang
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Figure 4.14 shows the percentage of schools by the four efficiency categories in Perlis,
It shows that the percentage of fully efficient schools increased in 2006 but after the
mmplementation of the policy, the percentage dropped considerably. The percentage of
schools in the second category also dropped while the percentage of schools in the
third category increased. The spread of the efficiencies is bigger after the policy was

implemented, where a few schools registered an efficiency score of less than 0.6.

Figure 4.14: Percentage of Schools by Efficiency Categories in Perlis
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In summary, the average efficiency scores show that the efficiency of schools in
Kedah was the highest followed by schools in Penang and Perlis throughout the period
of this study. The efficiencies of schools in Kedah and Perlis decreased after the
implementation of the policy with schools in Perlis affected the most. In Penang,
although the percentage of fully efficient schools increased, the spread of efficiencies
was bigger because there were schools with efficiency of less than 0.6, This suggests
that while many schools in Penang become more efficient after the implementation of
the policy, there are some that become less efficient with regards to the new efficient
boundary. The efficiency of schools across different states and the efficiency of
schools in each state in different years are tested for significant difference in the next

section.

4.5.2 Statistical Test for the Difference in Efficiency Scores of Different States
As in the ecarlier section, significant differences in efficiencies across the states and
years are tested by conducting statistical tests to examine the difference in the
distributions of the efficiency scores. Figure 4.15 shows the box-plots of the
distributions of the school efficiency scores from 20605 to 2008. A Kruskal Wallis Test
is used to examine the difference in the distributions of efficiency scores of schools in
Kedah, Penang and Perlis. The null hypothesis is that the distributions of efficiency
scores in 2005 are the same across Kedah, Penang, and Perlis (and 3 similar tests for
2006, 2007, and 2008). The alternative hypothesis is that the distributions of efficiency
scores are not the same across Kedah, Penang, and Perlis. If there is a significant
difference in the distributions of the efficiency scores, a Mann Whitney Test will be
conducted as a post hoc test to find the pairwise differences among different states.
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The tests results in Appendix A4.6(1) show that there were significant differences
beyond the 0.05 level in the distributions of the efficiency scores across different
states in 2005 and 2008. Post hoc tests are conducted to evaluate pairwise differences
among the three States in 2005 and 2008 by using a Mann-Whitney Test. The null
hypothesis is that the distributions of efficiency scores in Kedah and Penang in 2005
are the same (and one similar test in 2008, plus four similar tests between Kedah and
Perlis, and Penang and Perlis in 2005 and 2008). The alternative hypothesis is that the

distributions of efficiency scores in the two states are not the same.

Figure 4.15: Distribution of Efficiency Scores by States (2005-2008)
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Results from the Mann Whitney Tests in Appendix A4.6(2) show that the distributions
of efficiency scores between Kedah and Perlis as well as between Penang and Perlis in

2005 and 2008 were significantly different beyond the 0.05 level. However, there was

131



no significant difference in the distributions of the efficiency scores of schools in
Kedah and Penang. Based on these results and the median of the efficiency scores
(Figure 4.15), it can be concluded that the efficiencies of schools in Kedah and Penang

in 2005 and 2008 were significantly higher than the efficiency of schools in Perlis.

To test for significant difference in the efficiency of each state in different vears,
Friedman’s Two-Way Analysis of Variance by Ranks is used. The null hypothesis is
that the distributions of efficiency scores of schools in Kedah in 2005, 2006, 2007, and
2008 are the same {(and two similar tests for schools in Penang and Perlis). The
alternative hypothesis is that the distributions of efficiency scores are not the same. If
there is significant difference in the distributions of the efficiency scores, a Wilcoxon
Signed Ranks Test will be conducted as a post hoc test to find the pairwise differences

between different years.

The results of the tests are given in Appendix A4.6(3). There were no significant
differences in the distributions of efficiency scores of schools in Kedah and Penang in
different years. For schools in Perlis, there was a significant difference at the 0.10
level. Thus, a post hoc test is conducted to examine the pairwise differences in the
distributions of the efficiency scores of schools in Perlis in different years. The null
hypothesis is that the median of differences between the efficiency distributions in
2005 and 2006 equals O {(and 5 similar tests between 2005-2007, 2005-2008, 2006-
2007, 2006-2008, and 2007-2008). The alternative hypothesis is that the median of
differences between the efficiency distributions does not equal 0. Results from the
Wilcoxon Signed Ranks test in Appendix A4.6(4) show that the efficiency of schools
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in Perlis in 2008 was significantly different beyond 0.05 level from their efficiencies
in 2007 and 2006. Based on the median, it can be concluded that the efficiency of
schools in Perlis in 2008 was significantly lower than their efficiencies in 2007 and

2006.

As a summary, the efficiency of schools in Kedah and Penang was significantly better
than the efficiency of schools in Perlis in 2008, but bsfore that, there was no
significant difference between their efficiencies. In terms of the efficiency in different
vears, schools in Perlis have shown a significantly lower efficiency in 2008, two years
after the policy was implemented. The differences in the efficiency of schools in
Kedah and Penang before and after the implementation of the policy were not
significant. These will be discussed further in Chapter 5. In the next section, the

change in performance over time will analysed by using the Malmquist index.

4.5.3 Analysis of the Malmquist Index by States

The Malmgquist index of schools by states and its decomposition were analysed in
three different periods i.e. 2005-2006, 2006-2007, and 2007-2008 and are shown in
Table 4.5. In general, the Malmquist indices of all states have increased. Average
increment throughout the study period for Kedah is 1.34 percent, for Penang 2.55
percent and for Perlis 3.32 percent. All states registered a large increase in the
Malmquist index in the third period due to the increase in the technical change. On
average, the efficiency change in all states increased by 0.25 percent to 1.25 percent.
This increase is attributed to the increase in the pure technical efficiency change. The
scale efficiency change, on the other hand, decreased.
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In Kedah, the Malmquist index before the implementation of the policy had decreased
by 1.59 percent (first period). After the policy was implemented in 2007, it increased
by 0.2 percent before continuing to increase by 5.33 percent in the third period. This is
attributed to the technical change, which had changed from a regression of 3.27
percent and 0.85 percent in the first and second periods respectively to a progress of

5.71 percent in the third period.

Table 4.5: Malmquist Indices by States

Pure Technical | Scale Efficiency FHficiency . il Malmibist
- . , . . Boundary Shift o
State Year Efficiency Change Change. () : Index’
Change {1) {2} {3 = {1 =2} {5)= {3} x(4)
2004 1.0182 D.obgz 1.0173 09673 0.9541
Cedal 2007 1.0067 1.0038 10105 $8815 1.0020
Kedah — — - . — - —
' 2008 1.0061 3.9904 2.9965 10571 1,0533

Penang

Perlis

The efficiency change is more stable: it progressed by 1.73 percent in the first period
and 1.05 percent in the second period and it regressed by only 0.35 percent in the third
period. This is attributed to the decrease in the scale efficiency change. The pure
technical efficiency change increased by an average of 1.03 percent throughout the

study period. The increases in both the technical change and pure technical efficiency
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change shows that the performance of both fully efficient and inefficient schoels in
Kedah increased. However, the increase in the performance of fully efficient schools
in 2008 was more than the increase in the performance of inefficient schools, thus

resulting in lower average efficiency scores as shown in Figure 4.11.

Schools in Penang registered a decrease of (.76 percent in the Malmquist index in the
first period. It continued to decrease by 1.06 percent in the second period but had a
large increase of 9.48 percent in the third period. Again, this is attributed to the
technical change, which regressed by 1.86 percent in the first period and 2.17 percent
in the second period but progressed by 8.19 percent in the third period. The efficiency
change progressed between 1.13 percent and 1.20 percent throughout the study. This
progress is attributed fo the improvement in the pure technical efficiency. In the third
period, the increase in the technical change was more than the increase in the pure
technical efficiency change but both increases were more than what had been achicved
by schools in Kedah. Thus, the mean efficiency score as shown in Figure 4.11 was
lower than the previous period but the decrease was not as much as the decrease

recorded by schools in Kedah.

In Perlis, the Malmquist index increased substantially after the implementation of the
policy: in the second period it increased by 5.48 percent and in the third period by 4.02
percent. This is attributed to the large improvement in technical change, which
progressed by 5.02 percent and 11.57 percent in the second and third periods
respectively. In contrast, the efficiency change was on a downward slide: in the first
period it progressed by 7.07 percent but in the second period the progress was only
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0.44 percent and in the third period it regressed by 6.77 percent. This is attributed to
the pure technical efficiency change, which had the same trend. The scale efficiency
change also regressed but by less than 2 percent. In the third period, the increase in the
technical change and the decrease in the pure tec;hnical efficiency change indicate a
big difference between the performances of fully efficient and inefficient schools,

which is reflected in the lower efficiency mean as shown in Figure 4.11.

In summary, the Malmquist indices of schools in Kedah, Penang, and Perlis have
shown that in the third period the efficient boundary shifted upward, which means the
performance of fully efficient schools increased. At the same time, the performance of
mefficient schools in Kedah and Penang also increased though not as high as the
increase in performance of fully efficient schools. This resulted in a small decrease in
the mean efficiency scores as discussed in section 4.5.1. However, the performance of
the efficient schools in Perlis increased considerably resulting in a bigger gap between
the performances of the efficient and inefficient schools and a lower mean efficiency
score. This analysis shows that the performance of schools in all three states increased
in 2008, two years after the implementation of the PPSMI policy. In the next section,
the differences in the Malmquist indices of different states and in different periods are

tested for statistical significance.

4.5.4 Statistical Test for the Difference in Malmquist Indices of Different Stafes
The distributions of the Malmquist index in different states are tested for significant
difference to see whether the average Malmquist index in each state are significantly

different over time and from each other. Friedman’s Two-Way Analysis of Variance
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by Ranks is used to test for significant difference over time while Kruskal-Wallis Test
is used to examine the significant difference in the Malmgquist index of different
school-types. If there is a significant difference over time, a Wilcoxon Signed Ranks
Test will be conducted to examine the pairwise differences between different periods.
A Mann-Whitney Test will be conducted to examine the pairwise differences between

different types of schools. Figure 4.16 shows the distributions of the Malmquist index

by state in three different periods.

Figure 4.16: Distributions of Malmquist Indices by States
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For Friedman’s Two-Way Analysis of Variance by Ranks, the null hypothesis is that
the distributions of the Malmquist index of schools in Kedah in the three periods
(2005-2006, 2006-2007, and 2007-2008) are the same (and two more similar tests for

Penang and Perlis). The alternative hypothesis is that the distributions of the
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Malmaquist index of schools in Kedah in the three periods are not the same. The tests
results are given in Appendix A4.5(5). The tests show that the distributions of the
Malmquist indices of schools in Kedah and Penang in the three periods were
significantly different beyond the 0.05 level but there was no significant difference in

the distribution of the Malmquist index of schools in Perlis.

Post hoc tests are conducted to examine the pairwise differences between the
Malmgquist indices of schools in Kedah and Penang in different periods by using a
Wilcoxon Signed Ranks Test. The null hvpothesis is that the median of differences
between the distributions of the Malmaquist index in periods 2005/2006 and 2006/2007
for schools in Kedah equals 0 (and two similar tests for periods 2005/2006-2007/2008
and 2006/2007-2007/2008 plus three similar tests for schools in Penang). The
alternative hypothesis is that the median of differences between the distributions of the
Malmquist index in the first and second periods does not equal 0. The results of the
tests in Appendix A4.6(6) show that there were significant differences between
periods 2005-2006 and 2007-2008, as well as 2006-2007 and 2007-2008. Based on the
median of the Malmquist index distributions (Figure 4.16), the perfbrmances of
schools in Kedah and Penang increased significantly in the third period as compared to

the first and second periods.

Then, the Malmquist index distributions of different school-types are tested for
significant difference from each other in the three periods of study by using a Kruskal-
Wallis test. The nuli hypothesis is that the distributions of the Malmguist index in the
first period are the same across Kedah, Penang, and Perlis (and two other similar tests
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for the second and third periods). The alternative hypothesis is that the distributions of
the Malmgquist index are not the same across Kedah, Penang, and Perlis. The results of
the tests are given in Appendix A4.6(7). The tests show that the differences in the
distributions of the Malmquist index of schools in different states were not significant

in all periods.

4.5.5 Summary of Performance in Mathematics and Science Subjects by States

The average efficiency scores show that the efficiency of schools in Kedah is the
highest followed by schools in Penang and Perlis throughout the period of study. The
statistical tests show that the efficiencies of schools in Kedah and Penang were
significantly better than the efficiency of schools in Perlis after the implementation of
the policy. There was no significant difference between the efficiencies of schools in

Kedah and Penang throughout the study period.

In terms of the efficiency of schools in each state, schools in Perlis have shown a
significantly lower efficiency since the implementation of the policy. Schools in
Kedah and Penang did not show any significant difference in their efficiencies before
and after the implementation of the PPSMI policy. The spread of efficiencies for
schools in Perlis and Penang was bigger after the policy was implemented with the

efficiency of some schools being less than 0.6.

The Malmquist indices of schools in Kedah and Penang in period 2007-2008 were
significantly higher than in periods 2006-2007 and 2005-2006. In Perlis, there was no
significant difference between the Malmgquist indices in different periods. It can be
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concluded that the performance of schools in Penang and Kedah in 2008 progressed
significantly from their performances in 2007 and 2006. Although the performance of
schools in Perlis also progressed in 2008 as measured by the Malmquist index, the
difference was not statistically significant. A more detailed discussion on these results

will be given in Chapter 6.

4.6 Performance in Mathematics and Science Subjects by Locations

4.6.1 Analysis of Efficiency Scores by Locations

In Malaysia, many studies suggest that urban schools performed better than rural
schools (Swetz, Langgulung et al. 1983; Kiong, Yong et al. 2005; Long 2005; Surif,
Ibrahim et al. 2006; Hamzah and Abdullah 2009). However, the average efficiency
scores calculaied in this study as shown in Figure 4.17 reveals that schools in rural
locations were more efficient than schools in urban locations especially before the
implementation of the PPSMI policy. The average efficiency for both locations
increased slightly in 2006, before the implementation of the policy. After the
implementation of the policy in 2007, the average efficiency of urban schools started
to decrease but the average efficiency of rural schools was not affected. However, in
2008, both locations showed a decrease in the average efficiency scores with the

efficiency of rural schools decreasing more than the urban schools.
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Figure 4.17: Average Efficiency Scores by Locations
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Analysis by the four categories of efficiency for schools in urban locations is shown in
Figure 4.18. It shows that the percentage of fully efficient schools decreased afier the
implementation of the policy in 2007 but increased again a little in 2008. The
percentages of schools in the second and third categories in 2007 and 2008 were more
than in 2006. This means more schools in urban locations have become less efficient

since the implementation of the policy.

Figure 4.18: Average Efficiency Scores of Urban Schools
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The percentage of fully efficient rural schools in the four efficiency categories is
shown in Figure 4.19. The percentage of fully efficient schools increased a little after
the policy was implemented in 2007 but decreased a lot in 2008, More schools were in
the second and third categories and & small percentage even registered an efficiency
score of less than 0.6. The lower percentage of fully efficient schools and the bigger
efficiency spread show that the variation in performance of rural schools increased
after the implementation of the PPSMI policy. The decrease in the percentage of
efficient rural schools is much more than the decrease in the percentage of efficient

urban schools.

Figure 4.19: Average Efficiency Scores of Rural Schools
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In summary, the implementation of the PPSMI policy affected the efficiency of
schools in both locations but rural schools were more affected than urban schools.
Before the policy was implemented, the average efficiency of rural schools was higher
than urban schools but in 2008, the average efficiencies of schools in both locations

were about the same. Statistical tests are conducted to test for significant difference in
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the efficiency of urban and rural schools before and after the implementation of the

policy. The results are given in the next section.

4.6.2 Statistical Test for the Difference in Efficiency Scores of Different
Locations
Statistical tests are used to test for significant difference in the distribations of school
efficiency in different locations and to test for significant difference in the
distributions of school efficiency of each location in different years. Figure 4.20 shows
the box-plot of the school efficiency distributions of urban and rural locations from
2005 to 2008. A Mann-Whitney Test is used to examine the difference in the
distributions of efficiency scores of schools in urban and rural locations each year. The
null hypothesis is that the distributions of efficiency scores in urban and rural locations
in 2005 are the same (and three similar tests for 2006, 2007, and 2008). The
alternative hypothesis is that the distributions of efficiency scores are not the same.
The results from the Mann-Whitney U test are shown in Appendix A4.7(1). It shows
that there was no significant difference beyond the 0.05 level between the distributions

of efficiency scores of urban and rural schools in each year.

To test for significant difference in the performance of each location in different years,
Friedman’s Two-Way Analysis of Variance by Ranks is used. The null hypothesis is
that the distributions of efficiency scores of urban schools in 2005, 2006, 2007 and
2008 are the same (and one similar test for rural schools). The alternative hypothesis is
that the distributions of efficiency scores are not the same. If there is a significant
difference in the distributions of the efficiency scores, a Wilcoxon Signed Ranks Test
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will be conducted as a post hoc test to find the pairwise differences between different

years.

Figure 4.20: Distributions of Efficiency Scores by Locations (2005-2008)
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The results of the tests are given in Appendix A4.7(2). There was no significant
difference in the distributions of efficiency scores of urban schools in different years.
For rural schools, there was a significant difference at the 0.10 level. Thus, a post hoc
test is conducted fo examine the pairwise differences in the distributions of the
efficiency scores of rural schools different years. The null hypothesis is that the
median of differences between the efficiency distributions in 2005 and 2006 equals 0
(and 5 similar tests between 2005-2007, 2005-2008, 2006-2007, 2006-2008, and 2007-
2008). The alternative hypothesis is that the median of differences between the

efficiency distributions does not equal 0. Results from the Wilcoxon Signed Ranks test
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in Appendix A4.7(3) show that the efficiency of rural schools in 2008 was
significantly different beyond the 0.05 level from their efficiencies in 2007 and 2006.
Based on the median, it can be concluded that the efficiency of rural schools in 2008
was significantly lower than- their efficiencies in 2007 and 2006. For urban schools,
there was no significant difference in their efficiency before and after the

implementation of the policy.

In summary, the statistical tests conducted in this section confirmed that there was no
significant difference in the efficiency of schools in urban and rural locations
throughout the study period. The tests also confirm that the efficiency of rural schools
was significantly lower in 2008, two years after the implementation of the policy.
There was no significant difference in the efficiency of urban schools before and after

the implementation of the PPSMI policy.

4.6.3 Analysis of the Malmquist Index by Locations

The Malmquist indices of schools in different locations and their decomposition in
three different periods (2005-2006, 2006-2007, and 2007-2008) are shown in Table
4.6, In general, the Malmaquist indices of schools in both locations were increasing. On
average, the Malmquist indices of urban and rural schools increased by 2.84 percent
and 1.06 percent respectively throughout the study period. Both locations recorded the
biggest increase in 2008 when their Malmquist indices increased by 8.23 percent and
5.04 percent respectively. The increase is attributed mostly to the improvement in the

technical change.
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On average, efficiency change for both locations has improved: in urban locations it
has improved by 1.50 percent and in rural locations by 0.61 percent. The improvement
is attributed to the progress in the pure technical efficiency change: in urban locations
it progressed by 1.86 percent and in rural locations by 0.87 percent. The scale
efficiency change on the other hand regressed by 0.52 percent in urban locations and

by 0.41 percent in rural locations.

Table 4.6: Malmquist indices by Locations

Pure Technical |Scale Efficiency Efficiency Technical Malmouist
Location| Year Ffficiency Change Change change index
Change (1) {2) (3)={1)x(2) {4) (5)=(3)x (4)
2006 1.0281 0.9980 1.0260 0.9749 1.0003
2007 1.0029 0.9988 1.0017 1.0006 1.0023
Urban
2008 1.0247 0.9876

1.0120 1.0694 1.0823

1.0018 1.0149 0.9761
2007 1.0209 0.9974 1.0182 0.9852 1.0031

Rural
2008 0.9920 0.9884 (.9805 1.0713 1.0504

2006

1.0131

0.9618

One important finding in 2008 is that the pure technical efficiency change increased
by 2.47 percent in urban locations but decreased by 0.80 percent in rural locations.
The scale efficiency change decreased in both locations in 2008 i.e by 0.52 percent in
urban locations and 1.16 percent in rural locations. These led to an increase in the
efficiency change in urban locations by 1.32 percent and a decrease by 1.95 percent in

rural locations. This indicates that the performance of urban schools progressed but the
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performance of rural schools regressed in the second year of the implementation of the

policy.

In summary, the Malmquist index shows that the performance of schools in urban and
rural Iocations progressed in the third period (2007-2008). The progress is attributed
mainly to the increase in the technical change. However, the efficiency change
indicates that the performance of urban schools progressed while the performance of

rural schools regressed in the second year of the implementation of PPSMI policy.

4.6.4 Stafistical Test for the Difference in the Malmquist Indices of Different
Locations

The distributions of the Malmquist index in different states are tested for significant
difference to see whether the average Malmquist indices in each location are
significantly different over time and from each other. Friedman’s Two-Way Analysis
of Variance by Ranks is used to test for significant difference over time while a Mann-
Whitney U Test is used to examine the significant difference in the Malmquist index
of schools in different locations. If there is significant difference over time, a
Wilcoxon Signed Ranks Test will be conducted to examine the pairwise differences
between different periods. Figure 4.21 shows the distributions of the Malmquist index

by location in three different periods.

For Friedman’s Two-Way Analysis of Variance by Ranks, the null hypothesis is that
the distributions of the Malmquist index of urban schools in the three periods {(2005-

2006, 2006-2007, and 2007-2008) are the same (and one similar test for rural schools).
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The alternative hypothesis is that the distributions of the Malmquist index of urban
schools in the three periods are not the same. The tests results are given in Appendix
A4.7(4). The tests show that the distributions of the Malmquist indices of schools in

both locations in the three periods were significantly different beyond the 0.05 level.

Figure 4.21: Distributions of Malmquist Indices by Locations
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Post hoc tests are conducted to examine the pairwise differences between the
Malmquist indices in different periods by using a Wilcoxon Signed Ranks Test. The
null hypothesis is that the median of differences between the distributions of the
Malmquist indices in periods 2005/2006 and 2006/2007 equals 0 (and 2 similar tests

for periods 2005/2006-2007/2008 and 2006/2007-2007/2008 plus three similar tests
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for rural schools). The alternative hypothesis is that the median of differences between
the distributions of the Malmquist indices in the first and second pertods does not
equal 0. The results of the tests in Appendix A4.7(5) show that, for urban schools,
there were significant differences between the first and third periods, as well as the
second and third periods, while for rural schools, there was significant difference
between the first and third pericds. Based on the median of the Malmquist index
distributions in Figare 4.21, the performances of schools in both locations progressed
significantly in the third period as compared to the first period. The performance of
urban schools also progressed significantly compared to their performance in the

second period.

Then, the Malmquist index distributions of schools in different locations are tested for
significant difference from each other in the three periods of study by using a Mann-
Whitney U Test. The null hypothesis is that the distributions of the Malmquist index in
the period 2005-2006 is the same in both locations (and two other similar tests for
periods 2006-2007 and 2007-2008). The alternative hypothesis is that the distributions
of the Malmquist index in urban and rural locations are not the same for the given
period. The results of the tests are given in Appendix A4.7(6). The tests show that the
difference in the distributions of the Malmquist index of different locations was not

significant in all periods.

in general, the Malmquist indices of schools in both locations were significantly
higher after the second year of the implementation of the PPSMI policy. This means
the performances of schools in both locations progressed significantly in 2008 as
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compared to their performance in 2007. However, the efficiency change indicates that
the performance of urban schools progressed while the performance of rural schools
regressed after the implementation of the PPSMI policy. This will be discussed further

in Chapter 5 and 6.

4.6.5 Summary of Performance in Mathematics and Science by Locations

The average efficiency scores of urban and rural locations show that the efficiency of
rural schools was higher than urban schools before the implementation of the PPSMI
policy. After the policy was implemented, the efficiencies of schools in both locations
decreased with the efficiency of rural schools decreasing more than the efficiency of
urban schools. In 2008, their average efficiency scores were about the same but the
percentage of fully efficient rural schools is lower than that of urban schools.
However, the statistical tests confirmed that there was no significant difference in the
efficiency of schools in wrban and rural locations throughout the study period. The
tests also confirmed that the efficiency of rural schools was significantly lower after
the implementation of the policy but there was no significant difference in the

efficiency of urban schools before and after the implementation of the PPSMI policy.

The Malmquist index of schools in urban and rural locations shows that their
performance progressed after the second year of the implementation of the policy. The
progress is attributed mainly to the increase in the technical change. The efficiency
change however indicates that the performance of urban schools progressed while the
performance of rural schools regressed after the implementation of the PPSMI policy.
The statistical tests show that the Malmquist indices of schools in both locations were
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significantly higher after the implementation of the PPSMI policy, which means the
performance of schools in both locations, progressed significantly in the third period
(2007-2008). Nevertheless, there was no significant difference between the Malmquist

indices of schoels in urban and rural locations.

4,7 Summary and Conclusion

This chapter presented the empirical analysis of this study. The efficiency scores under
the assumption of the CRS, VRS, and HRS DEA models we‘re computed and
compared. The HRS model was found to be significantly the most discriminating
among the three models. Analysis of the efficiency scores shows that the overall
school efficiency was lower after the implementation of the policy. The fully
residential school-type was the most efficient folléwed by the religious and national
school-types while schools in Kedah had the highest efficiency scores followed by
schools in Penang and Perlis. The efficiency of both urban and rural schools decreased
after the implementation of the policy but the efficiency of rural schools decreased

more than the decrease in the efficiency of urban schools.

Analysis by the Malmquist Index shows that in 2008, 2 years after the implementation
of the policy, the overall school performance progressed significantly. The
performances of the national and religious school-types progressed but the
performance of the fully residential school-type regressed. The performance of schools
in all three states i.e. Penang, Kedah and Perlis also progressed but the variation in
performance of schools in Perlis has grown much bigger. The performance of schools

in urban and rural locations also progressed significantly. The progression in
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performance is attributed mainly to the increase in the technical change. The
efficiency change, on the other hand, shows that the performance of rural schools
regressed. The increase in the technical change and the decrease in the efficiency
change reflect an increase in the performance of efficient schools, which shifted the
efficiency boundary upward, and a decrease in the performance of inefficient schools,
which created a bigger gap between their performances and a lower average of

efficiency scores after the policy was implemented.

In general, the implementation of the PPSMI policy benefited most of the schools in
the second of the policy implementation, as shown by the increase in the Malmquist
index in 2008. However, the performance of some schools increased much higher than
other schools thus created a bigger variation in the performances of schools in
different locations and in schools of different types. The policy seems to have
benefited the religious and national schools especially those located in urban areas. On
the other hand, the fully residential schools seem to have been negatively affected by
the policy although their efficiency was the highest among the three types of schools
in this study. A more detailed analysis of the implications of the PPSMI policy for

school performance will be presented in the Chapter 6.
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CHAPTER 5

FURTHER ANALYSIS BY MALMQUIST INDEX

5.1 Introduction

In the previous chapter, the Malmquist index was computed to reflect how
productivity (value added) changes year on year basis. This chapter analyses the
Malmquist index by using 2005 as the base year. The computation of the
Malmgquist index is done by progressively pairing the base year with 2006, 2007
and 2008 to capture the tmpact of the PPMSI policy as it was rolled out. This
analysis reflects differences between Malay and English as the media of instruction
especially when the base year (2005 - two years before the implementation of the

policy) is paired with 2008 (two years after the implementation of the policy).

5.2 Analysis of the Malmquist Index for Gverall School Performance

The average Malmquist index and its decompositions are presented in Table 5.1. It
shows that the Malmguist index decreased by 1.27 percent in 2006, 5.8 percent in
2007 and 2.49 percent in 2008. The decrease in the Malmquist index attributed
mostly to the decrease in the technical change. The efficiency change was on a
downward slide over the period of the study with a change from an increase by
1.92 percent in 2006 to a decrease by 0.37 percent in 2008. This is due to the

decrease in both scale efficiency change and pure technical efficiency change.

This result shows that, when compared to the performance in 20053, the schools
p'erformance decreased noticeably in 2007, ie. immediately after the

implementation of the policy. Their performance in 2008 was also lower than their
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performance in 2005 but it was not as bad as in 2007. This means, the schools
performance might have been adversely affected when the PPSMI policy was first

implemented in 2007 but their performance started to improve in 2008.

Table 5.1: Malmquist Index and its Decomposition

2005-2006 2005-2007 | 2005-2008
Pure Technical Efficiency Change (1) 1.0190 1.0073 0.9992
Scale Efficiency Change (2) 1.0002 0.9979 0.9971
Efficiency Change (3) = (1)x(2) 1.0192 1.0651 0.9963
Technical change (4) 0.9687 0.9372 0.9751
Malmquist [ndex (5) = (3)x(4) 0.9873 0.9420 0.9715

5.3 Analysis of the Malmqaist Index by State
The Malmgquist indices of schools by states and its decomposition were analysed
by using 2005 as the base year and are shown in Table 5.2. In general, the
Malmquist indices of all states have decreased. Perlis recorded the highest decrease
followed by Penang and Kedah. The decrease in the Malmquist index of all states
was the highest in 2007 and attributed mostly to the decrease in the boundary shift
(technical change). The performance of schools in Perlis was affected the most
with the decrease in the Malmquist index by 11.83 percent. This is followed by
schools in Penang with a decrease of 4.42 percent and schools in Kedah with a
decrease by 3.01 percent. In 2008, the performance of schools in all three states
was still lower than their performance in 2005 but the regression in performance
was not as much as in 2007. This result indicates that schools in all states might
have been negatively affected by the PPSMI policy when it was first implemented

in 2007 but their performance started to progress in the second year of the policy

154




implementation. Among schools in the three states, schools in Perlis were affected

the most followed by schools in Penang and Kedah.

Table 5.2: Malmquist Indices by State

5.4 Analysis of the Malmquist Index by Location

The Malmgquist indices of schools in different locations and their decomposition
were computed by using 2005 as the base year and the result is shown in Table 5.3.
In general, the Malmquist indices of schools in both locations decreased after the
implementation of thé PPSMI policy. In 2007, the Malmgquist index of schools in
rural location decreased drastically by 7.04 percent while the Malmquist index of
schools in urban location decreased by 4.46 percent. In 2008, the Malmquist index

of schools in both locations was better than their Malmquist index in 2007.

It shows that the performance of schools in both locations regressed after the
policy was implemented. However, the regression in performance of schools in

both locations in the second year of the policy implementation was not as much as
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in the first year of the policy implementation. On the whole, the regression in
performance attributed mostly to the decrease in the boundary shift and the
performance of schools in urban location was better than the performance of

schools in rural location.

Table 5.3: Malmquist Indices by Location

2006 1.0281 0.9980 1.0260 0.9749 1.0003
Urban 2007 1.0121 0.9969 1.0090 0.9469 0.9554

5.5 Summary and Conclusion

In this chapter, school performance was assessed by using 2005 as the base year
and by progressively pairing the base year with 2006, 2007 and 2008 to capture the
impact of the PPSMI policy as it was rolled out. Analysis on the overall schools
performance shows that their performance regressed significantly in 2007 i.e.
immediately after the implementation of the policy. In 2008, the schools
performance was still lower than their performance in 2005 but better than their
performance in 2007. This finding shows that the schools performance might have
been adversely affected by the policy although they started to improve in the

second year of the policy implementation.
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Analysis by states shows that the performance of schools in all states depreciated
after the implementation of the policy with the performance of schools in Perlis
depreciated the most followed by schools in Penang and Kedah. However, the
schools performance in all states started to get better in 2008. Analysis by location
shows that the performance of schools in both locations regressed substantially
after the policy was implemented in 2007 but their performance started to improve
in 2008. This study also found that the performance of schools in urban location

was better than the performance of schools in rural location.

Findings from this chapter show that, in general schools performance regressed
after the implementation of the policy where the regression in performance was
obvious in 2007. Nevertheless the schools performance started to get better in 2008
although it is still lower than their performance before the policy was implemented.
In Chapter 4, it was shown that the schools performance progressed significantly in
2008. The different in findings from this chapter and the previous chapter is due to
the method of calculating the Malmquist index where in this chapter, 2005 is used
as the base year while 1;1 the previous chapter the base year changes year on year
basis. In actual fact, results in this chapter do not contradict results in the previous
chapter because they both show that the schools performance in 2008 was better
than their performance in 2007. On the whole, it can be concluded that the schools
performance declined immediately after the policy was implemented but their

performance started to improve in the second year of the policy implementation.
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CHAPTER 6

POLICY IMPLICATIONS

6.1 Introduction

The Ministry of Education Malaysia (MOEM) undertook various programmes and
strategies to facilitate the change in the medium of instruction under the English in the
Teaching of Mathematics and Science (PPSMI) policy. These include English courses
for science and mathematics teachers, development and dissemination of the new
curriculum, delivery of teaching and learning courseware (computer application to assist
teaching and learning process), textbooks, reading materials, and Information and
Communication Technology (ICT) equipments, monitoring and guidance, and giving
special incentive for teachers (Educational Planning and Research Division, 2008b). The
English Language Training Centre has been given the responsibility for developing and
conducting an English language enhancement programme known as English for the
Teaching of Mathematics and Science (ETeMS). These are part of the initial package
that was design to ensure that the implementation of the policy is smooth and pupils’

performance in mathematics and science subjects would not be affected.

ETeMS is regarded as an urgent interim measure, besides several other support
mechanisms to ensure that mathematics and science teachers have the basic capacity to
use English as the medium of instruction (Zin, 2003). This is complementary to other
on-going professional development courses for pre-service and in-service teachers

involved in the PPSMI policy. A large portion of an allocation was used for the ETeMS
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training, developing teaching courseware, monetary incentives and provision of new
teaching and learning materials such as laptops, LCD projectors and textbooks. The
Education Minister disclosed that the cost of implementing the PPSMI policy since it

was introduced in 2003 was about RM 5 billion (Loh, 2009).

However, while this study is being carried out, the MOEM announced that the
Government has decided to reverse the PPSMI policy and revert to the use of Bahasa
Melayu in the national schools, and Chinese and Tamil in the vernacular schools from
2012 (Dom, 2010). The main reason for the decision as stated by the Education Minister
is the command of Malaysian pupils in science and mathematics subjects have been on a
steady decline as shown by the MOEM records and the Trend in Mathematics and
Science Study (TIMSS) 2007. A new policy with the objective to dignify Bahasa
Melayu as the national language while raising the standard of English among Malaysian

will replace PPSMI (School Management Division, 2010).

This chapter will discuss the research findings in terms of the implications of the PPSMI
policy for the performance of secondary schools in mathematics and science subiects.
The findings from Chapter 4 and Chapter 5 will be elaborated and discussed based on
overall school performance, performance by school-type, performance by state, and
performance by location. The findings will be correlated with findings from other
studies to get more understanding on the implicat'iﬁ.ons of the policy for the school
performance. This study will come up with recommendations regarding the

mmplementation of the PPSMI policy.

159



6.2 Implications for Ovex;all School Performance

As has been presented in Chapter 4, in 2008 (two years after the implementation of the
PPSMI policy), the overall school efficiency in mathematics and science subjects was
significantly lower than in 2007 and 2006. This can be seen from the lower number of
the fully efficient schools and the higher number of the inefficient schools. This
indicates that the average distance between schools and the efficient boundary had
increased. The Malmquist index showed that the increase in the average distance
between schools and the efficient boundary was due to the increase in the efficient
boundary itself where the performance of the fully efficient schools that formed the
boundary had progressed considerably and pushed the efficient boundary higher. The
inefficient schools on the other hand, had either regressed, stagnated, or did not progress
as much as the fully efficient schools, thus became less efficient with respect to the new
efficient boundary. Therefore, the average efficiency in 2008 was significantly lower

than in 2007 and 2006 as shown in section 4.2.2.

To see a clearer picture on the schools performance before and after the implementation
of the policy, they are divided into three groups as presented in Figure 6.1. The three
groups are (i) schools that had higher efficiency score as compared to the previous year
(increased efficiency), (ii} schools that had lower efficiency score as compared to the
previous year (decreased efficiency), and (iii) schools that had no change in efficiency
score as compared to the previous year (no change in efficiency). The Malmquist index

in this Figure is based on year on year productivity changes.
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Figure 6.1: Overall School Performance
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The number of schools in the decreased efficiency group increased immediately after
the policy was implemented in 2007. The number continued to increase considerably in
2008. The opposite sitnation happened to the other two groups where the number of
schools in both groups decreased in 2008, The average efficiency scores for both the
increased efficiency and decreased efficiency groups also decreased in 2008. In contrast,
the Malmquist index for all groups had increased. The percentages of pupils with good
grade on exit for the increased efficiency group and the group with no change in

efficiency also increased but not for the decreased efficiency group. In 2008, the gap
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between the percentages of pupils with good grade on exit of the increased efficiency

and decreased efficiency groups was bigger.

Analysis by year on year basis as shown in Chapter 4 shows that the Malmquist index
and the percentages of pupils with good grade had increased in 2008. Analysis by using
2005 as the base year as shown in Chapter 5 also shows that the schools performance in
2008 was better than their performance in 2007, These indicate that the overall school
performance had increased in 2008 as compared to 2007 and the efficient boundary in
2008 was higher than in 2007. However, the increase in the number of schools in the
decreased efficiency group and the decrease in average efficiency scores show that more
schools became less efficient due to the higher efficient boundary. This situation
demonstrates that some schools might have benefited much from the implementation of
the policy thus their performance progressed significantly. Other schools might have
also benefited from the policy but their progress was not as much as the progress of the
fully efficient schools thus decreasing their efficiency with regard to the new efficient
boundary. The bigger gap between the percentages of pupils with good grade on exit of
the increased efficiency and decreased efficiency groups indicates that the difference

between the fully efficient and less efficient schools has widened.

The drastic increase of efficient boundary in 2008, i.e. two years after the policy was
implemented, might be associated with certain factors. In 2007, the examination was
taken by the first batch of pupils who learned the subjects in English. At that time, most
of the teachers and pupils were still adapting to the new policy thus many of them did
not fully used English in the teaching and learning process. A study by Educational
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Planning and Research Division (2005) shows that both teachers and students were not
confident in using English as a medium of instruction in the classroom and there were
teachers who did not use English at all. Schools Inspectorate (2005, 2006) also
presented the same finding where teachers were not proficient in English and they had
fo mix Bahasa Melayu and English language in the teaching and learning process. They
also found that students interact in English neither with teachers nor with their friends.
Analyses on the results of diagnostic tests for Science and Mathematics done by
Malaysian Examination Syndicate (2005, 2006) show that 60 to 75 percent students
could not express ideas in English while 50 to 60 percent could not understand the
teaching and learning process in English and could not understand the questions in

English.

In the second year of the policy implementation, teachers and pupils were becoming
more confident to use English in the teaching and learning process. Beginning 2005, the
MOEM carried out several intervention programmes to enhance English proficiency
among the students and improve the PPSMI policy implementation. These programmes
include diagnostic tests for Science and Mathematics, remedial classes for students,
English orientation programmes for form one students, activity-based programmes in
English, periodic on-site training for teachers, English proficiency assessment for all
teachers and the Farly Literacy Through English (ELiTE) for Year One students (Goh
and Chapman, 2008). Although the average efficiency seems to have dropped
considerably in 2008, this is actually due to the drastic increase in the technical change,
which created a greater distance between the inefficient schools and the efficient

boundary, therefore reducing the average efficiency. These efforts might have started to
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show results thus contributing to the significant increase in the efficient boundary in

2008.

Other than efforts by the MOEM as the central agency, one important factor that could
also contribute to the success of schools in implementing the policy is the initiatives by
the schools themselves, For example, Idris et al (2006) did a case study on the effective
implementation of the PPSMI policy in one secondary school. They found many good
practices in the school that could be replicated by others. Examples of the good
initiatives by the school are effective implementation of the policy, parents and teachers
work closely to ensure remedial classes are well attended, pupils are encouraged to keep
notebooks for mathematics and science glossaries, and the school maintains a notice
board where new mathematics and science content is featured every week fo create

interest in the subject.

The increase in the performance of some schools that coniributed to the increase in
efficient boundary (especially in the wrban location)} could also be associated with the
quality of pupils and teachers that they have. Some schools have many pupils from the
high socio-economic background, as well as many well-qualified and competent
English-speaking teachers. These schools might thrive under the new policy
independently of the initiatives or the new materials provided by the MOEM as
mentioned earlier. These factors could contribute to the significant progression in
performance of the fully efficient schools that formed the efficient boundary. However,
the bigger gap between the fully efficient and inefficient schools shows that some

schools were having difficulty to adapt to the new policy. According to Educational
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Planning and Research Division (2005) and Schools Inspectorate (2005, 2006) schools
were having difficulty to implement the new policy due to the inability of their teachers

and pupils to use English effectively.

Although the progress in schools performance could be associated with the efforts by
the MOEM, schools, and teachers as well as pupils’ ability, some people see the drastic
increase in performance as questionable because many studies showed that teachers and
pupils were having problems in the process of teaching and learning in English. The
training given to the teachers and the facilities provided to assist teachers and pupils in
the teaching and learning process were shown not to be that effective. Despite all these,
school performance still increased significantly in 2008 and this has made people to ask
whether the increase was genuine or the passing mark has been lowered to show that the
policy is not affecting the performance in mathematics and science subjects. The basis
for this claim is, in 2009 the MOEM was suppose to make an important decision
whether to carry on with the PPSMI policy or revert to the use of Bahasa Melayu as the
medium of instruction. Therefore, the sudden increase in the number of good quality
students could be the result of the standard setting in examination where the passing
marks was fowered to show that the performance in mathematics and science subject is
not affected by the policy. However, this claim was denied by the MOEM (Malaysian

Parliament, 2009).

In summary, the implications of the PPSMI policy for overall schools performance are a
sudden increase in performance of some schools as shown by the drastic increase in the
technical change (higher efficient boundary) and an increase in variation of schools
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performance where the gap between fully efficient and inefficient schools has widened.
A bigger pap between fully efficient and inefficient schools shows that the policy might
be very beneficial to schools that can cope with policy which lead to much better
performance as compared to -other schools. This finding is different from other PPSMI
studies, which show that the schools performance on the whole dropped after the policy

was implemented (Haron et al., 2008; Nor and Aziz, 2009; Surif et al., 2006).

However, it cannot be concluded with certainty that the change in performance is
directly related to the policy because other factors such as teachers, facilities,
programmes, or other policies could also contribute to the school performance. Since no
data was available to relate other factors to the school performance, this study can only
conclude that the school performance might have benefited or adversely affected by the
policy. The type and location of school that benefited or adversely affected by the policy

are discussed in the next sections.

6.3 Implications for the Performance of Different School-Type

Throughout the period of this study, the average efficiency score shows that the fully
residential is the most efficient school-type. The efficiency of th(_e fully residential
school-type was significantly better than the efficiency of the national school-type but
there was no significant difference between the efficiencies of the fully residential and
religious school-type. The efficiency of the national school-type was also significantly
lower than the efficiency of the religious school-type. However, in terms of the change

in performance over time { from 2007 to 2008), the national and religious school-types
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have shown a drastic progress in the performance but the fully residential school-type

has shown a regress in the performance.

6.3.1 Implications for the Performance of the National School-type

The efficiency of the nattonal school-type is similar to the overall school efficiency
since the national school-type formed the majority of the samples in this study. The
average efficiency of the national school-type in 2008 was significantly lower than in
2007 and 2006 due to the higher efficient boundary. It indicates that some schools
performed much better in 2008 and pushed the efficient boundary higher but other
schools were less efficient with respect to the new efficient boundary thus pulling the
average efficiency down. Analysis on the three groups of schools as in the eariier
section is presented in Figure 6.2. The Malmquist index in this Figure is based on the

year on year productivity changes.

The number of schools in the decreased efficiency group increased in 2007 and 2008
while the number of schools in the increased efficiency group and the group that had no
change in efficiency had decreased. The average efficiency for both the decreased
efficiency and increased efficiency groups had decreased, which explain why the
average efficiency in 2008 was Signiﬁcantly lower than in 2007 and 2006. The
percentages of pupils with good grade on exit in the increased efficiency schools and
those with no change in efficiency were on the rise. The gap between the percentages of
pupils with good grade on exit of the increased efficiency and decreased efficiency
groups was bigger in 2008. This can be associated with the drastic increase in the
Malmquist index and the decrease in average efficiency score where the efficient
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schools had pushed the efficient boundary upward but the distance between the
inefficient schools and the new efficient boundary became greater thus contributed to

the lower average efficiency score.

Figure 6.2: Performance of the National School-Type
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As in the progress of the overall schools discussed earlier, the progress of the fully
efficient national schools that shifted the efficient boundary upward could also be
associated with the efforts by the MOEM, the efforts by the schools themselves, and the
high quality teachers and pupils that the school have. In general, although the efficiency
of the national school-type was significantly lower than other types of schools, its
performance has actually progressed significantly when compared to their performance

in 2007. This finding contradicts with the finding of other studies which show that the
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national school-type performance was worse than the performances of other school-
types after the implementation of the policy (Hamzah and Abdullah, 2009; Long,
2005). This finding indicates that the national schools might have benefited from the

policy although there are some that might have been adversely affected by the policy.

6.3.2 Implications for the Performance of the Fully Residential School-Type

The trend of the fully residential school-type is completely different from the other
school-types. All fully residential schools were fully efficient throughout the study
period except for one school in 2006. However, the Malmquist index shows that the
performance of the fully residential school-type regressed throughout the period of
study. The regress attributed mostly to the technical change since the value of the
efficiency change was very close to 1 in all periods and therefore did not affect the
Malmgquist index. The performance of the fully residential schools was analysed

individually since there were only five of them. The analysis is shown in Figure 6.3.

Figure 6.3 shows the efficiency scores, the Malmquist index, the percentage of good
quality pupils on exit, and the average class size of all fully residential schools. In
general, the percentage of good quality pupils on exit was decreasing throughout the
study period. Although the percentage is still better than those of the other school-types
are, the decrease in the percentage of good quality pupils on exit resulted in a lower
efficient boundary and contributed to the decrease in the Malmquist index. The

Malmaquist index in this Figure is based on the year on year productivity changes.
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Figure 6.3: Performance of the Fully Residential School-Type
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One school that is quite different from the others is S2 where in 2007 its performance
progressed by almost 15 percent but in 2008, its performance regressed by more than 20
percent. The increase in the Malmaquist index of S2 in 2007 could be associated with the
increase in the percentage of pupils with good grade and the high average class size as
compared to other schools. However, in 2008 both the percentage of pupils with good
grade on exit and the average class size of S2 decreased considerably resulting in the
regression of its performance. S5 is the school that was not fully efficient in 2006. This
could be explained by the sharp decrease in both the percentage of pupils with good

grade on exit and the average class size. Although the percentage of pupils with good
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grade increased after that, the average class size continued to drop further resulting in

the regression of performance as shown by the Malmgquist index.

It can be concluded that the performance of the fully residential schools regressed after
the implementation of the policy even though all of them remained fully efficient. This
could be the result of the decrease in the percentage of good quality pupils on exit. The
regress in performance of the fully residential school-type is surprising because it is
considered as the best school-type among all secondary school-types in Malaysia. Pupils
in the fully residential schools are very good but are not necessarily proficient in English
although they achieved grade A in English at the PMR level. Findings in Nor and Aziz
(2009) could be used to explain the regress in performance of the fully residential
schools. Nor and Aziz (2009) undertook a research to determine if the pupils
performance in a fully residential school had improved or deteriorated as a
consequences of the PPSMI policy. They concluded that only 36.4 percent of the pupils
in their sample found it easier to understand the mathematical and science concepts in
English and very few pupils felt that their mathematics and science grades had improved
as a result of learning the subjects in English. They also said that 20.5 percent of the
pupils complained that their performance deteriorated because of the PPSMI policy.
This is consistent with the regression in performance of the fully residential schools as

shown in this study.
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6.3.3 Implications for the Performance of the Religious School-Type

The frend in performance of the religious school-type was the same with the national
school-type where the performance, as shown by the Malmquist index, increased in
2008 when compared to their performance in 2007. However, the variation in
performance has also increased as shown by the lower average efficiency among
religious school-type. Since there were only eight religious schools in this study, the
results of each school were analysed individually in order to get more understanding on
the implications of the policy for their performance. Statistics on the individual school
performance is given in Figure 6.4. The Malmquist index in this Figure is based on the
year on year productivity changes.

Figure 6.4: Performance of the Religious School-Type
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It seems that, after the implementation of the policy, two schools i.e. ST and S2
contributed to the lower average efficiency scores. The Malmquist indices of these
schools were less than 1, This could be associated with the percentages of pupils with
good grade on exit and average class size. While the percentage of pupils with good
grade on exit was on the rise for other schools, theirs have either decreased or stagnated
and were among the lowest. At the same time, their average class size had also
decreased. The decrease in the percentages of pupils with good grade in the two schools
could be associated with the teachers, pupils, or the schools themselves but no
conclusion could be made regarding the cause of the decrease since this study was not

design to do that.

These results show that six religious schools in this study showed a beftter performance
and two schools showed a lower performance after the implementation of the PPSMI
policy. It can be implied that most religious schools benefited from the PPSMI policy
although a few were adversely affected by the policy. The results {from this study could
not be compared with other studies since there is no study that specifically measures the

implications of PPSMI policy for the performance of the religious school-type.

6.3.4 Summary of Implications for the Performance of Different School-Types

The efficiency of the national school-type in 2008 was significantly lower than its
efficiencies in 2007 and 2006 but the Malmquist index shows that its performance
progressed significantly in 2008 when compared to their performance in 2007. Thesc
indicate that some schools had a drastic increase in performance and contributed to the
increase in the Malmquist index but at the same time, other schools did not progress as
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much as the fully efficient schools and contributed to the lower average efficiency
scores. This finding shows in general that national schools might have benefited from
the policy although there are some that might have been adversely affected by the

policy.

All fully residential schools were fully efficient throughout the study period except for
one school in 2006 but the Malmquist index shows that the performance of the fully
residential school-type regressed throughout the study period. The percentage of pupils
with good grade on exit of the {fully residential school-type was the highest compared to
other school-types and this could be the reason why they were fully efficient. However,
the percentage decreased after the policy was implemented and this lead to the lower
Malmquist index. In general, we can conclude that the performance of the fully
residential school-type regressed after the implementation of the policy. The regress is

unexpected considering the quality of its pupils.

The trend in performance of the religious school-type is the same with the national
school-type where the performance of most of the religious school type progressed after
the implementation of the policy. Out of the eight religious schools in this study, six
showed a better performance and only two schools showed a lower performance after
the policy was implemented. It can be implied that most of the religious schools

benefited from the policy even though some were negatively affected.
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6.4 Implicatidns for the Performance of Schools in Different States

Penang is the most developed state and has more schools in urban location as compared
to Kedah and Perlis. Many studies in Malaysia showed that schools in urban location
perform better than schools in rural location (Hamzah and Abdullah, 2009; Surif et al.,
2006; Kiong et al., 2005; Long, 2005; Swetz et al., 1983). It can be associated with
factors like schools’ facilities, parents’ education, and socio-economic status. Thus, we
can expect the performance of schools in Penang to be higher than the performance of

schools in Kedah and Perlis. The examination results normally reflect this ranking.

In terms of efficiency scores as shown in Figure 4.11 in Chapter 4, schools in Kedah had
the highest average efficiency scores followed by the efficiencies of schools in Penang
and Perlis. This is more obvious before the implementation of the policy. This could be
the result of value-added phenomenon where schools in Kedah produced better outputs
{(such as pupils with good grade on exit) with respect to their inputs (such as pupils with

good grade on entry) as compared to schools in Penang.

The efficiencies of schools in all states were lower after the implementation of the
policy with schools in Perlis and Kedah registered a significantly lower efficiency. The
efficiencies of schools in Kedah and Penang were significantly higher than the
efficiency of schools in Perlis after the implementation of the policy but there was no
significant difference between the efficiencies of schools in Kedah and Penang

throughout the study period.
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Analyses based on both year on vear productivity changes and 2005 as the base year
show that the schools performance in 2008 was better than their performance in 2007.
The progress was significant for schools in Kedah and Penang but was not significant
for schools in Perlis. A more detailed analysis based on the three different groups as in
the previous sections is given in the following subsections. The Malmquist index in this

analysis is based on the year on year productivity changes.

6.4.1 Implications for the Performance of Schools in Kedah

The average efficiency score of schools in Kedah was significantly lower after the
implementation of the policy but the Malmquist index was significantly higher. Figure
6.5 shows the statistics of the performance of schools in Kedah. The number of schools
in the decreased efficiency group increased while the number of schools in the other
groups decreased after the implementation of the policy. In 2008, the average efficiency
score of schools in the increased efficiency group dropped considerably but the average
Malmgquist index of schools in all groups increased. The percentage of pupils with good
grade on exit for schools in the increased efficiency or no change in efficiency groups
increased substantially but for schools in the decreased efficiency group, the percentage

has dropped.

These findings indicate that schools in the increased efficiency group might have
benefited from the policy since their percentage of pupils with good grade on exit had
increased, which in turn pushed the efficient boundary up. However, the increase in the
number of schools in the decreased efficiency group, which showed a decrease in the
percentage of pupils with good grade on exit, indicates that the gap between their
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performance and the fully efficient one has widened. In general, schools in Kedah might

have benefited from the PPSMI policy but at the same time, some schools might have

been negatively affected by the implementation of the policy.

Figure 6.5: Performance of Schools in Kedah
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6.4.2 [Implications for the Perfermance of Schools in Penang

There was no significant difference in the average efficiency scores of schools in

Penang before and after the implementation of the policy but the Malmquist index

shows that their performance progressed significantly after the implementation of the

policy. Figure 6.6 shows the statistics of school performance in Penang. In terms of the

number of schools in each group, the trend in Penang is the same with Kedah where the
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number of schools in the decreased efficiency group increased while those in the
increased efficiency and no change in efficiency groups decreased in 2007 and 2008. On
the other hand, the average efficiency score of schools in the increased efficiency group
and the percentage pupils with good grade on exit for all groups increased in 2008

unlike the trend in Kedah.

Figure 6.6: Performance of Schools in Penang
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In general, these results indicate that the performance of schools in Penang started to
progress significantly in 2008 when compared to their performance in 2007 where the

efficient boundary had shifted upward due the increase in performance of fully efficient
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schools, On average, the performance of inefficient schools had also increased where
their position relative to the new efficient boundary was about the same with their
previous position relative to the previous boundary. Therefore, the difference between
the average efficiency scores before and after the implementation of the policy was not
significant. Hence, it could be concluded that the PPSMI policy might have benefited

most of the schools in Penang.

6.4.3 Implications for the Performance of Schools in Perlis

The average efficiency score of schools in Perlis was significantly lower after the
implementation of the policy but there was no significant difference in the Malmqguist
index in 2008 and 2007. Figure 6.7 shows the statistics of the school performance in
Perlis. The trend for schools in Perlis was the same with the schools in Kedah and
Penang where the nulﬁber of lower efficiency schools increased after the

implementation of the PPSMI policy.

However, the number of schools in the decreased efficiency was more than the number
of schools in the increased efficiency or had no change in efficiency groups. The
average efficiency scores and the Malinquist indices for schools in both increased and
decreased efficiency groups decreased in 2008, The percentage of pupils with good
grade on exit for the decreased efficiency group also dropped considerably in 2008. The
large increase in the percentages of pupils with good grade on exit for schools in the
increased efficiency and no change in efficiency groups indicates that these schools
might have benefited from the policy. The Malmquist indices were not significantly
different in the two periods (2008 and 2007) indicating that the efficient boundaries
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were about the same. However, the decline in performance of the mnefficient schools

mcreased the gap between them and the new efficient boundary.

Figure 6.7: Performance of Schools in Perlis
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6.4.4 Summary of Implications for the Performance of Schools in Different States
The efficiency of schools in Kedah was significantly lower after the implementation of
the policy but the change in performance as measured by the Malmquist index indicates
that their performance started to progress significantly in 2008. This shows that the
efficient boundary of schools in Kedah increased due to the increase in performance of

efficient schools but it resulted in more schools became less efficient. In general, the
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policy might have benefited schools in Kedah but the variation in school efficiency has

grown bigger,

The efficiency of schools in Penang shows no significant difference before and after the
implementation of the policy but the Malmquist index indicates that their performance
progressed significantly in 2008 when compared to their performance in 2007. These
show that the performance of schools in Penang started to progress in the second year of
the policy implementation. The average distances of schools relative to the efficient
boundaries were about the same before and after the implementation of the policy and
thus, the average efficiencies were not significantly difference. These findings indicate
that the implementation of the PPSMI policy might have benefited schools in Penang.
This is not surprising since most of the schools in Penang are located in urban area and

there are more pupils with good command of English in Penang.

The efficiency of schools in Perlis was significantly lower after the implementation of
the policy while the Malmquist index shows that there was no significant change in
performance between their performance in 2008 and 2007. These indicate that the
efficient boundaries in the two different periods of schools were about the same but the
gap between the schools and the efficient boundary was bigger due to the decrease in
performance of many schools after the implementation of the policy. These findings
show that the performance of schools in Perlis might have been adversely affected by

the implementation of the policy.
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6.5 Tmplications for the Performance of Schools in Different Locations

Studies on the performance of urban and rural schools have reported mixed results. As
Israel et al. (2001) indicate, there are various reasons why rural Jocation would
negatively affect educational outcomes, for example, socioeconomic disadvantage,
increased inequality, physical and social isolation, and residential turnover. Cooksey et
al. (1998) revealed that urban schools were more efficient than rural ones in Tanzania in
terms of school access and performance. However, Soteriou et al. (1998) found no
efficiency differences between rural and urban schools in Cyprus. Some studies indicate
that rural schools perform better than their urban counterparts due to factors such as
small school size, the orderly climate of the school, parental involvement, community
support, teacher attenfiveness, and more leadership opportunities for pupils (Illinois
Institute for Rural Affairs, 2004, Raywid, 1999, Beck and Shoffstall, 2005). In
Malaysia, many studies suggest that urban schools performed better than rural schools
(Hamzah and Abdullah, 2009; Kiong et al., 2005; Long, 2005; Surif et al., 2006; Swetz

etal., 1983).

As shown in Chapter 4, the average efficiency of rural schools was higher than the
average efficiency of urban schools before the implementation of the policy. After the
policy was implemented, the efficiencies of schools in both locations decreased buf the
decrease in efficiency of rural schools is more than the decrease in efficiency of urban
schools. In 2008, the percentage of fully efficient rural schools was much lower than the
percentage of fully efficient urban schools. These show that the gap between the fully

efficient and less efficient has widened and more schools in rural location became less
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efficient with regard to the new efficient boundary after the implementation of the

policy.

The Malmquist indices based on both year on year productivity changes and 2005 as the
base year show that the performance of schools in both locations was better in 2008 than
in 2007. The progress attributed mainly to the increase in the technical change, which
implies that the performance of the fully efficient schools that formed the efficient
boundary progressed significantly after the implementation of the policy. The efficiency
change however indicates that performance of urban schools progressed whereas
performance of rural schools regressed after the implementation of the policy. There
was no significant difference between the Malmquist indices of schools in urban and
rural locations. A more detailed analysis according to the three groups as in the previous
sections is given in the following subsections. The Malmquist index in this analysis is

based on the year on year productivity changes.

6.5.1 Implications for the Performance of Schools in Urban Location

There was no significant difference in the average efficiency scores of urban schools
before and after the implementation of the policy but the Malmgquist index shows that
their performance started to progress significantly in the second year of the policy
implementation. Figure 6.8 shows the stafistics of school performance in urban location,
When the policy was first implemented in 2007, the number of schools in the decreased
efficiency group increased but the number of schools in the increased efficiency and had
no change in efficiency groups decreased. In 2008 however, the number of increased
efficiency schools started to increase and the number of decreased efficiency schools
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started to decrease while schools that had no change in efficiency continue to drop

further. The average efficiency scores for all groups have not changed much but the

average Malmquist indices have increased. The percentages of pupils with good grade

on exit for increased efficiency schools and schools that had no change in efficiency

increased but for decreased efficiency schools, the percentage decreased after the policy

was implemented.

Figure 6.8: Performance of Schools in Urban Location
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These findings indicate that the performance of urban schools progressed in 2008 where

the efficient boundary was significantly higher than in 2007. On average, the distance of
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urban schools relative to the new efficient boundary was about the same with the their
distance relative to the previous efficient boundary and therefore, the difference in
average efficiency scores before and after the implementation of the policy was not
significant. However, some. schools in urban location might have been adversely
affected by the policy as shown by the fower percentage of pupils with good grade on
exit in the decreased efficiency schools group. In general, we can conclude that many

urban schools might have benefited from the implementation of the PPSMI policy.

6.5.2 Implications for the Performance of Schools in Rural Location

The average efficiency score of rural schools was significantly lower after the
implementation of the policy. However, the Malmquist index in 2008 was significantly
higher than in 2007. This shows that the performance of schools in rural location started
to improve in the second year of the policy implementation. Figure 6.9 shows the
statistics of school performance in rural location. The number of schools in the
decreased efficiency group increased considerably in 2008 while the number of schools
in the other two groups decreased. The average efficiency scores of both increased
efficiency and decreased efficiency groups decreased but the average Malmquist index
and the percentage of good quality pupils on exit for all groups increased especially in
2008. The trend for the percentage of good quality pupils for rural schools in 2008 was
different from urban schools where all three groups registered an increase. However, the
percentages were much lower than the percentages of the same groups of urban schools.
It indicates that the performance of urban schools improved more than the performance
of rural schools thus creating a bigger distance between rural schools and the efficient

boundary.
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These findings show that more schools in rural location registered a lower efficiency
after the implementation of the policy particularty in 2008, On average, rural schools
performed better in the second year of the implementation of the policy and contributed
to the higher Malmquist index in 2008. However, this lead to a bigger variation in the
efficiency among rural schools where more schools in rural location became less
efficient with regard to the new efficient boundary. This indicates that in general,
schools in rural location benefited from the policy although some rural schools benefited
much more and contributed to a higher efficient boundary and lead to a bigger gap

between fully efficient and less efficient raral schools,

It is important to highlight that findings from this study and findings from other studies
such as Hamzah and Abdullah (2009, Kiong et al. (2005), Long (2003), and Surif et al.
(2006) are contradicted. This study shows that the performance of most schools
increased started fo increase in the second year of the implementation of the policy but
other studies conclude that the implementation the PPSMI policy reduced the
performance of both urban and rural schools. However, there is one similar finding
between this study and other studies, i.e., the gap between the performance of urban and

rural schools has widened after the PPSMI policy was implemented.
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Kigure 6.9: Performance of Schools in Rural Location
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6.5.3 Sommary of Implications for the Performance of Schools in Different

Locations

There was no significant difference in the average efficiency scores of urban schools

before and after the implementation of the policy but the Malmquist index shows that

their performance started to progress significantly in the second year of the policy

implementation. This indicates an increase in performance of both fully efficient and

inefficient schools. In general, we can conclude that urban schools might have benefited

from the implementation of the PPSMI policy.
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The average efficiency score of rural schools was significantly lower after the
implementation of the policy but the Malmquist index was significantly higher in the
second year of the policy implementation. This indicates an increase in performance of
both fully efficient and inefficient schools but the increase in performance of fully
efficient schools was much higher than the increase in performance of inefficient
schools thus creating a bigger variation in the efficiency of rural schools with regard to

the new boundary.

6.6 Summary and Coanclusion

This chapter discussed the implications of the PPSMI policy for the performance of
secondary schools in mathematics and science subjects. Overall, the performance of the
fully efficient schools progressed significantly after the implementation of the policy but
this resulted in a bigger gap between the performance of efficient and inefficient
schools. Based on the Malmquist index, the type of schools that might have benefited
more from the policy are religious schools and urban national schools. The performance
of the fully residential school-type, despite being fully efficient throughout the study
period, unexpectedly regressed after the implementation of the policy. Among schools
in the three states, schools in Penang and Kedah might have benefited the most from the
policy. The progress in performance of urban schools could be associated with the
progress of in performance of schools in Penang since most of the schools in Penang are

located in urban location.

Generally, school performance regressed immediately after the policy was implemented
in 2007 but started to progress significantly in 2008 when compared to their
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performance in 2007. One possible explanation for the drop in performance in 2007 is
that the inability of both feachers and pupils to use English effectively. Another possible
explanation is the new technology (courseware and LCD projector) might have not been
fully utilised to facilitate the teaching and learning process due to shortcomings such as

lack of knowledge and technical problems in using them.

Although the average efficiency seems to have dropped considerably in 2008, this is
actually due to the drastic increase in the technical change, which created a greater
distance between the inefficient schools and the efficient boundary, thus reducing the
average efficiency. The drastic increase in the technical change in 2008 could result
from the efforts by the MOEM to improve the implementation of the policy. It could
also be the result of the initiatives from the school itself and the ability of teachers and
pupils themselves where some schools have well-qualified and competent English-
speaking teachers as well as many pupils from high socioeconomic background who

would benefit from the use of English as a medium of instruction.

However, some people see the drastic increase in performance as doubtful because
findings from many studies indicate that teachers and pupils were having problems to
use English as the medium of instruction. Despite the problems, school performance had
progressed drastically in 2008. This contributed to the suspicion that the increase was
not genuine or the passing mark has been lowered to show that the policy is not
affecting the performance in mathematics and science subjects but it was denied by the

MOEM.
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Based on the results of this study, it can be concluded that the MOEM should have
continued with the PPSMI policy since schools performance was improving after the
policy was implemented. The performance of some schools including in rural location
have improved significantly under the policy. If the MOEM want to stick to its decision
to revert to the use of Bahasa Malaysia, it might be a good idea to let the schools that
have improved significantly to continue using English in the teaching and learning
process of mathematics and science subjects. The objective of implementing the policy
in the first place is to help pupils in accessing the information and knowledge in science
and technological field where most of the information is in English. Significant
resources have been spent and a great deal of efforts have been put to the
implementation of this policy thus it would be great to let those who are benefiting from

the policy to continue with it.
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CHAPTER 7

CONCLUSION

7.1 Introduction

This study set out fo investigate the implications of the PPSMI policy for the
performance of Malaysian secondary schools in mathematics and science subjects. This
was motivated by the need to assess the implications of the policy by using advanced
techniques of efficiency measurement to enhance the current literature of the PPSMI
policy studies and to get a better understanding of the implications of the policy for the

school performance.

The techniques used in this study are the HRS-based Data Envelopment Analysis (DEA)
and the Malmaquist index. The HRS-based DEA model is a new extension in DEA based
on the concept of selective proportionality in the relationship of input-output variables.
It gives a better estimate compared to the original convex models, the CRS and VRS,
when some of the inputs and outputs have proportional relationship while others do not.
The Malmgquist index is a tool for measuring efficiency over time. In this study HRS-
based Malmquist index was developed to measure the change in school efficiency

before and after the implementation of the PPSMI policy.

This chapter is set out as follows. Section 7.2 gives an overview of the research

findings. Then, section 7.3 discusses the contributions of the study to the field of DEA
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and education. Section 7.4 provides direction for future research and lastly, section 7.5

offers some conchuding remarks.

7.2 Overview of the Research Findings

An HRS-based DEA model utilising 10 inputs and 8 outputs was developed to assess
the school efficiency in implementing the PPSMI policy. 221 schools from three states
namely, Kedah, Penang, and Perlis, which comprise three different types, namely, the
national, fully residential, and religious, v.vere. selected for this study. The school
efficiency in implementing the PPSMI policy was computed vsing all three models, the
CRS, VRS and HRS models and the scores were compared and tested for significant
difference. The HRS model was found to be significantly the most discriminating
compared to the CRS and VRS models where most of the scores under the HRS model
were lower than the other two models. Some of the scores were the same with the other
models while only a few were higher than those from the CRS model were. The
efficiency scores from the HRS model were then used to analyse the performance of

schools in different categories.

After the first year of the policy implementation, the overall school efficiency was not
significantly different with the previous year but in 2008, the average efficiency was
significantly lower than in the years before that. This resulted from the decrease in the
number of fully efficient schools and the increase in the number of inefficient schools,
which indicates that more schools were less efficient with respect to the new efficient

boundary. The Malmquist index confirms that the lower efficiency was caused by the
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increase in the performance of fully efficient schoels, which pushed the efficient
boundary higher, thus increased the distance of the inefficient schools from the efficient

boundary.

The Malmquist index indicates a progression in performance of the national and
religious school types but a regression in performance of the fully residential school
type in 2008. The change in performance attributed mostly to the technical change,
which pushed the efficient boundary to be significantly higher in 2008 as compared to
2007 and 2006. The higher efficient boundary has led to a bigger variation in
efficiencies. Among the three types of school, the national school type recorded a
significantly lower efficiency score in 2008 whereas for the fully residential and
religious school type, there was no significant difference in their efficiency scores
before and after the implementation of the policy. However, the insignificant difference
in the efficiency of the fully residential and religious schools might be due to small

number of these types of school in this study.

The higher efficient boundary and the lower average efficiency of the national school
type in 2008 means the performance of fully efficient national schools progressed
significantly but the inefficient schools had either regressed, stagnated or did not
progress as much as the fully efficient schools. Thus, the gap between the performance
of the fully efficient and inefficient schools grew bigger and therefore reduced the

average efficiency score with respect to the new efficient boundary. This means some of
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the national schools might have benefited much from the policy thus their performance

increased significantly,

Analysis of the national schools performance in different states shows that schools in
Penang might have benefited the most from the policy while schools in Perlis might
have benefited the least from the policy. This is drawn from the Malmquist indexes and
the average efficiency scores where in 2008; the Malmquist index of schools in i’enang
increased significantly but there was no significant difference in the average efficiency
scores of 2008 and the years before that. This indicates an increase in performance of
the fully efficient schools, which pushed the efficient boundary significantly higher, as
well as an increase in the performance of the inefficient schools since their efficiency
with respect to the new higher efficient boundary was about the same with their

previous efficiency with respect to the previously lower efficient boundary.

Schools in Perlis on the other hand, did not show a significant difference in the
Malmquist index, which means the performance of the fully efficient schools in Perlis
that formed the efficient boundary, did not change significantly. However, the average
efficiency with respect to the relatively the same efficient boundary was significantly
lower. This demonstrates that the gap in performance of fully efficient and inefficient
schools in Perlis was bigger in 2008 and this might be the result of the implementation
of the PPSMI policy. For schools in Kedah, the Malmquist index progressed
significantly but the average efficiency was significantly lower in 2008. This indicates a

significant progress in the performance of fully efficient schools but the inefficient
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schools had either regressed, stagnated, or did not progress as much as the fully efficient
schools. Thus, it can be concluded that some schools in Kedah benefited much from the
policy thus reflected in their big performance increase while some schools might had no

effect in their performance.

Analysis of the national schools efficiency in different locations reveals that urban
schools performed better than rural schools after the policy was implemented. The
average efficiency of rural schools was significantly lower in 2008 and there was no
significant difference for urban schools. The Malmquist indexes of schools in both
locations were significantly higher in 2008, The results of the Malmgquist index indicate
significant progression in performance of fully efficient schools in both locations while
the lower average efficiency of rural schools with respect to the new efficient boundary
means the performance of inefficient rural schools might have been negatively affected
by the PPSMI policy. The progress in performance of urban schools could be associated
with the progress of schools in Penang because many schools in Penang are located in

urban locations.

The fully residential school type remained fully efficient after the policy was
implemented but the Malmquist index shows that its performance regressed throughout
the study especially in 2008. The regression in performance of the fully residential
school type was unexpected due to the high quality of pupils attending this type of
schools. The regress could be associated with the lower percentage of good quality

pupils on exit although the percentage was the highest among all types of schools in this
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study. It could be the result of the inability of some pupils in these schools to use
English effectively in the process of teaching and learning. As showed in the study by
Nor and Aziz {2009), more than 20 percent of a fully residential school complained that
their performance deteriorated after the policy was implemented. Since the percentage
of good quality pupils in the residential type was normally nearly 100 percent, a
relatively lower percentage (although still high compared to other schools) would result

in the regression of performance.

Most of the religious schools in this study showed a progression in performance after
the policy was implemented especially in 2008. Only two out of eight religious schools
in this study showed a regression in performance. Thus, it can be concluded that the
policy might have benefited the religious schools, However, the conclusion cannot be
made with certainty because the change in performance could be the result of other
factors that are not within the scope of this study. Findings about the religious schools
could not be compared with other studies since there was no study that specifically

measures the implications of the PPSMI policy for the religious schools.

In general, school performance regressed when the policy was first implemented in 2007
but started to progress significantly in 2008, two years after the implementation of the
policy. This phenomenon might be associated with the inability of both teachers and
pupils to use English effectively in the beginning. In 2008, the school performance
progressed significantly as shown by the significantly drastic increase of the Malmquist

index. It could result from the efforts by the MOEM to improve the implementation of
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the policy, the initiatives from the school itself and the ability of teachers and pupils
with well-qualified and competent English-speaking teachers as well as many pupils
from high sociceconomic background who would benefit from the use of English as a
medium of instruction. However, some people doubted the drastic increase in
performance because, based on findings from many studies, teachers and pupils were
having problems to use English as the medium of instruction. They suspected that the
increase was not genuine where the passing mark has been lowered to show that the
policy is not affecting the school performance. This was dismissed by th?z MOEM

(Malaysian Parliament, 2009).

The decision by the MOEM to revert the PPSMI poelicy contradicts with the findings
from this study, which shows that the overall school performance started to progress
after the second year of the policy implementation. Based on the findings from this
study, the policy should be continued for many more years in order to gain the benefit
from it. If the MOEM is firm with its decision to revert to the use of Bahasa Melayu in
the teaching of mathematics and science subjects, schools that benefited much from this
policy must be given the opportunity to continue with using English in the teaching and
fearning process of mathematics and science subjects. The objective of implementing
the policy is to help pupils in accessing the information and knowledge in science and
technological field where most of the information is in English and a lot of money has
been spent and a great deal of efforts have been put to the implementation of this policy.
Therefore, those who are benefiting from the policy and prefer to use English in the

teaching and learning process must be allowed carry on with the PPSMI policy.
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7.3 Contribuations of Stady

The main contributions of this study are as follows:

i.

il

iii.

The development of a new method of measuring school efficiency in mathematics
and science subjects based on the HRS DEA model. The model combined the
assumption of CRS with respect to the selected sets of inputs and outputs, while
preserving the VRS assumption with respect to the remaining indicators. The new
methodology was used to measure the Malaysian school efficiency in

implementing the PPSMI policy.

The development of an HRS-based Malmgquist index to measure change in
efficiency over time. The HRS-based Malmquist index was developed by
modifying the VRS-based Malmguist index to accommodate the C-HRS
technology. C-HRS is the cone extension of the HRS technology just as CRS is
the cone extension of the VRS technology. C-HRS is a technology resulting from
the synchronisation of axioms in the CRS technology and the axiom of selective
proportionality. Some Malmquist index studies utilised CRS technology and some
studies utilised VRS fechnology in calculating the Malmquist index while some
other studies used both models. This study is the first that utilised the HRS and C-

HRS technologies in calculating the Malmquist index.

The utilisations of HRS-based DEA model to assess the school performance in
implementing the PPSMI policy. Podinovski (2004} introduced the HRS model

and this is the first practical application of the HRS model.
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iv. The use of HRS-based Malmquist index to evaluate the change in performance
based on year on year productivity changes as well as by using 2005 as the base
year which emphasis on two different periods, i.e. before and after the
implementation of the. PPSMI policy. This technigue has never been used to

measure the implications of the PPSMI policy for the school performance.

v.  Analyse the implications of the PPSMI policy for the performance of schools in
different school-types, states, and locations. Efficiency and change in efficiency of
schools in different groups were analysed and tested using statistical tests fo

examine the difference in performance of schools in different groups.

This is the first study that utilised the HRS DIZA model and the HRS-based Malmquist
index to measure school performance. This study contributes to the evaluation of the
PPSMI policy by looking at the implications of the policy from a different perspective.
It is hoped that this study contributes to a better understanding of the implications of the
policy for the schools performance and thus help MOEM to decide on the future

direction of the policy.

7.4 Directions for Future Research

This study could be a template for future research in the assessment of school efficiency.
Further extensions to this study are possible in a number of ways. Among them are:

i.  The use of more spectific variables to obtain results that are more accurate. Among

the variables that could be used are quality of teachers such as teachers’
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ii.

1ii.

iv.

experience and qualifications, school facilities such as the number of science
laboratories, equipment, and books, and environmental variables such as parents’

academic gualification and facilities at home.

Measure the implications of the policy for the pupils’ attainment in English. This
is important since one of the objectives of the change in policy is to improve
pupils’ proficiency in English. However, it cannot be done in this study due to

unavailable data.

Include the second stage analysis to evaluate the factors contributing to the
efficiencies. The results from this study could be associated with school-specific
programmes to improve the implementation of the policy, which might have been
conducted by the schools themselves. The second stage analysis might be able to

correlate the efficiency scores to those programmes.

Increase the number of schools from each group to improve the validity and
reliability of the results, especially the number of schools in the fully residential
and religious school types. The small number of schools in these groups has made

it difficult to find any significant differences in their performances.

Add more groups in each category such as more states and more type of schools to
obtain a more comprehensive result, There are 14 states and 6 types of secondary

schools altogether. The inclusion of schools in all states and types would produce
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results that are more comprehensive and would be more useful in understanding
the implications of the policy for the school performance. This study is limited to

schools from three states and three school-type due to unavailability of data.

vi. Actually, by simply checking how students do in maths and sciences is not enough
to assess the impact of the PPSMI policy. It is better to conduct a more
comprehensive assessment of the impact of the PPSMI policy by following a
cohort after leaving school to find out whether they cope better later in life with

studies and work,

7.5 Conclading Remarks

The study opens up a new way of measuring school efficiency. Although the model
developed in this study is specific for the assessment of the school efficiency in
implementing the PPSMI policy, it can be generalised to measure the level of school
efficiency in general by selecting suitable inputs and outputs. This study also opens up a

new way of evaluating the implications of the PPSMI policy for the school performance.

Using the methods that are have not been used in the assessment of school performance
in Malaysia is one of the main motivations for this study. By using a new method, this
study gives a different perspective to the study of the PPSMI policy and ensures
beneficial inputs to the understanding of the policy. This study may encourage future
research on school efficiency based on the HRS DEA model or other DEA models

especially in Malaysia where this method is not common.
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APPENDIX TO CHAPTER 3

A3.1: The Output Oriented CRS Model

M ax 7
Subject to
> M C A, = MC,
i=1

SC ,A,s SC,
=1
>, PC A, PC,
f=1
> CC ,A,< CC,
i=1
> BC ,A;< BC,
i
> GMS i, GMS,
=1
> GS§SS A, GSSC,
F=1
> HSES ,A,< HSESC,
j=1
X OMS A,z Z MS,
i=1

88 A,z 2 8§,
ji=1
> PS A,z Z PS§,
j=1
> ¢S ,A,z Z CS§,
j=1

BS,A,2 Z BS,
j=1
> GMS A,z Z GMS,
i=1
> GS8S A, Z GSS,
j=1
> GPS A,z Z GPS,
i=1
Y GCS, A, Z GCS,
i=1
> CBS A,z Z GBS,
i=1
A, 2 0 for allyj =1, , H
Z free
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The output oriented VRS model is almost the same as CRS model except for one

extra condition: z 2, =1
23

The output oriented HRS model in this study is as follows:

M ax V4
Subject to

MC,i,+ Y MC,u,-~% MC,v,< MC

Z 4 El 4 o
i=1 P=1 i=1
> 8C A, + 3 SC o, - sSC v, < ScC,
i=1 i=1 J=i
> PC A, + X PO u -y PC v, PO,
j=1 i=1 F=1
3 CC A, 4+ 3 CC ,u,~> CC v, CC,
T=1 ‘ i=1 J=t '
Z BCJ.AJ.+Z BCJ;tj—Z BC v, = BC,
i=1 F= S
> GMSN 2, £ GMSN,
FER
> GSSN A, < GSSN,
FER
> HSES A, = HSES,
i=1
>OOMS A+ Y MS ,p, - 3 MS,v, > I MS,
i=1 i=1 j=1

S& A, + Y 88, - Y S§§S,v,=z2 ZSS§,
i=1 i=1 §=1
> PS,A; D PS,p, - Y PSS,z ZPS,
j=1 i=1 i=1
DS A+ X S u, - 3 CS v, 2 ZCFS,
j=1 J=1 Ji=1
> BS,A,+ > BS,m, - > EBS,v,z Z BS,
i=1 i=1 i=1
> GMSY A,- Y GMSXY v, > ZGMSX,
=1 i=1
D GSSX A, - 3 GSSX v, 2 ZGSSX,
=1 F=l
> GPSX A,~- Y GPSX v,= ZGPSX,
i=1 j=1
> 6CS8SX A,- Y GCSX v, 2 Z GCSX,
F=1 J=1i
> GBSX A,- 3 GBSX v, 2 Z GBSX,
F=t i=1
oA, =1
F
A,z vy forall j = 1, , H
A, @, v, 2 0 forallj = 1, , on
Z free
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Notations in the models are as follows:

MC

SC

pPC

CcC

BC
GMSN
GSSN
HSES
MS

SS

PS

CS

BS
GMSX
GSSX
GPSX
GCSX
GBSX

mathematics class

science class

physics class

chemistry class

biology class

good mathematics pupils on entry
good science pupils on entry
high socio economic status
mathematics pupils

science pupils

physics pupils

chemistry pupils

biology pupils

good mathematics pupils on exit
good science pupils on exit
good physics pupils on exit
good chemistry pupils on exit
good biology pupils on exit
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A3.2: Calculation of Efficiency Scores under the HRS model

To calculate the efficiency scores of each school, data of all schools are placed in a
table as in Table A3.1. The table is created in Ms Excel spreadsheet. A mathermatical
programming software is used to solve the models by reading the data from and

outputting the results back in the same spreadsheet file.

Table A3.1: Example of Data Table

DMU IT 2 3|14 I5116 (17|18 |01,02:03{04,05]106|07]08, 09010

S1 1675111117030 6 (15613224 2424 52|23 8 {101 6

S2 11411014 | 4 | 4 12671161 13 (4821340/141:142/141\207{ 83 {76 | 78 | 37

S3 19171222 :73(62|14,267:22429:43139,134139,3 53

S236 .51 |4 |4 4 146|150 68 139]26 1113:113|113|135/26 {63 71 53

S237 41 1 |3 |3 2 (1381393711623 93 93 |64 110]22123 2320

The calculation of efficiency score under the HRS assumption is done by forming
the following matrices based on Theorem 2 in Podinovski (2004) and data from the

above table.
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156 482 267 .. 139 116

6 14 9 5 4 13273440 224 .0 26 23

510 7 11 24 141 29 ... 112 §3

o4 z..04 3 24 142 43 ...113 93

Fo 1 4 2.4 3 g | 24 141 39 113 64
o4 2.4 2 T 52 207 83 .. 135110

0 287 13 ... 146 13% 2% g3 34 ... 96 92

30 161 62 ...150 139 8 76 3 . 63 923

3 13 14 ... Bb® 37 10 ?3 5 .71 '2'3

& 3703 .53 20

156 482 267 .., 139 116

6 14 9 ... 3 4 132 340 224 ... 26 23

5 16 7 .1 1 24 141 29 ... 113 93

1 4 2 .. 4 3 24 142 43 ... 113 93

5 1 4 2.4 3 . 94 141 39 ... 112 64
14 ... 4 2 6 0 Do 80D

0 0 0 .. 0 0 00 0 )

0 00 .. 0 B EE R g0

o0 0 .. T D & 0 0. g0

6 6 0. o0

To assess the output radial efficiency of School 1, the model takes on the following

form based the output oriented HRS model.

Max z

Subject to

04 #1444 o F5A 444, H O F A A S Ay — OV =AY, — =Sy~ <6
SA 104, + o+ LA F1 A 50 + 1025 & 4 Lty + 1ty ~ SV =10V, — L — Ty — v, <5
P4 44 4 AL 3 L A b b A 3 - Ty Ay, - Ay -3, £
BR+44 4+ 44, 434+ L+ + o 4 4 30, — v v, — L — v, =3y, <

DL +44, 4 440 + 20 4 L s, o g ¥ 200, — v, —dv, — L — 4y, -2, 51

TOA 42674, +... #1464, +1384, <70
304, +1614, +....4+1504,, +139.4,, < 30
64, + 134, +...+6844 +374,< 6
1564, +4824, + ... +1394, +1164,, + 156, +482u, +.. + 1390, +11646, — 156y, —482v, —... ~ 139, —116v,, = 1562

1324, 43404, ... + 264, + 234, 13241 + 34041, + .o+ 26410 + 2341, ~ 1320, —340v, — ... =26V, — 23, 2 1327
QA4 +1414, + oo + 11305, +932,, + 2424 +18 124, +.. +1134, +93 11y — 28y, =141, — ... =113v,,—93v,, > 247
VA4 1428, ... + 1134, + 934, + 24, +14200 1.4 113 42, + 93 11,y ~ 24w, ~1820, ... =113v,, — Dy, = 247
24 +14LA, oo + 113, + 640, + 240 +14141, ...+ 113 110 + 6441 — 240, =141y, - .. 1130, — 64, = 242

524, + 2074, +....+1354, +1104, — 521, — 207w, — ...~ 135w, —~110v,, = 522

234, +834, +... 4264, +224, — 23v, —83v, —....— 26V, —22v,, > 237

84 +764, 4.+ 634, +234, — By, ~T6v, —...—63v,, 231, = BZ

FOA, + 784, 4.+ 71 +234, — 10w, = T8y, — ..~ T, — 23, 2 10Z

64, +374, .. +534, + 204, — 61, =37y, — =53, —20v, > 62

A A+t A H A, =1

2,2, forallj =1,.., 237

At v, 20 forallj =1 ., 237
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These procedures solve the mathematical programming in the BRS, VRS and CRS
models. SETS defines the variables used in these procedures. DATA specifies the
location of excel file that contains data for this study. MAX, FOR and SUM are used
to represent the models. CALC and SOLVE are used to solve the model.

A3.3: LINGO Programming for HRS Model

SETS: ,
SCHOOL: L, M, V, SCORE, EFF;
FACTORO7;
DXF(SCHOOL,FACTORO7): FCT7,

ENDSETS

DATA:
SCHOOL, FCT7, FACTORO7 =
@OLE( 'C:\AlISchool. XLS");
@OLE('CAAlSchool. XLS','HRS07")= EFF;
ENDDATA.

MAX =7,
@FOR(FACTORO7(T)| T #EQ# 1.

@SUM( SCHOOL( T): FCT7(LI)* L) + FCT7(LY) * M(D) - (FCTT(L) * VD))
<= FCT7(UNIT,}));

@FOR(FACTOROT(D)| T #EQ# 2:
@SUM( SCHOOL( T): FCTH(LI)* L) + FCT7(L) * M(I) - (FCT(L,J) * V(D))
<= FCTT(UNIT,I));

@FOR(FACTORO7(T)| T #EQ# 3;
@SUM( SCHOOL( I): FCT7(L})* L(L) + FCT7(L,7) * M(I) - (FCTZIT) * V(I)))
<= FCT7(UNIT,D):

@FOR(FACTORO7(T)| T #EQ# 4:
@SUM( SCHOOL( I): FCT7(L,I* L) + FCT7(LT) * M(D) - (FCT(LI) * V)))
<= FCT7(UNIT,]));

@FOR(FACTORO7())| ] #EQ# 5
@SUM( SCHOOL( T): FCT7(L,T)* L(I) + ECT7(L,Y) * M(D) - (FCT7(L,}) * V(1))
<=FCT7(UNIT,D);

@FOR(FACTOROT(T)| J #EQ# 6
@SUM( SCHOOL( T): FCT7(I,1)* L(T)) <= FCT7(UNIT,T));

@FOR(FACTORO(T)| T #EQ# 7:
@SUM( SCHOOL( I): FCT7(I,})* L(T)) <= FCT7(UNIT,D));

@FOR(FACTOROT())| J #EQ# 8
@SUM( SCHOOL( 1): FCT7(I1* L(I)) <= FCT7(UNIT,))):
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@FOR(FACTOROT(D)| J #EQ4 9:
@SUM( SCHOOL( 1): FECT7(L,1)* L{I) + FCT7(,1) * M(I) - (FCT7(D) * V(1))
>= FCT7(UNTT,J) * Z);

@FOR(FACTORO7(T)| T #EQ# 10:
@SUM( SCHOOL( I): FCT7(LIy* L) + ECT7(LI) * M(T) - (FCTT(LT) * V(I)))
>= FCTI(UNIT,J) * Z);

@FOR(FACTORO7(T)| J #EQ# 11
@SUM( SCHOOL( I): FCT7(LIY* L(I) + FCT7(LI) * M() - (FCT7(L]) * V(I)))
>=FCT7(UNIT,J) * Z);

@FOR(FACTORO7(J)| J #EQ# 12:
@SUM( SCHOOL( T): FCT7(LIY* L(D) + FCT7(LJ) * M(I) - (FCT7(LT) * V(1))
>= FCT7(UNIT,J) * Z);

@FOR(FACTORO7(1)| T #EQ# 13:
@SUM( SCHOOL( T): FCT7(I,T)* L(I) + FCTT(LJ) * M(T) - (FCTXILT) * V(I)))
>= FCTT(UNIT,]) * Z);

@FOR(FACTORO7())| ¥ #EQ# 14:
@SUM( SCHOOL( I): FCT7(LIy* L{J) - (FCT7(LH) * V(1))) >= FCT7(UNIT,J)
*7);

@FOR(FACTORO7(J)| J #EQ# 15:
@SUM( SCHOOL( I): FCT7(LIY* L{L) - (FCT7(LT) * V(1)) >= FCT7(UNIT.J)
*Z);

@FOR(FACTORO7(J)! J #EQ# 16:
@SUM( SCHOOL( I): FCT7(L,})* L{) - (FCT7(L,)) * V())) >= FCT7(UNIT,T)
*Z);

@FOR(FACTOROT())| J #EQH# 17:
@SUM( SCHOOL( T): FCT7(LJ)* L(I) - (FCT7(L,J) * V(1))) >= FCT7(UNIT,J)
*7); -

@FOR(FACTORO7(J)] T #EQ# 18:
@SUM( SCHOOL{ I): FCT7(I,N* 1(I) - (FCT(LY) * V(D)) >= FCTT(UNIT,T)
VAR
@SUM(SCHOOL(): L(I)) = 1;
@FOR(SCHOOL(I): L(I) >= V(I));
@FOR(SCHOOL(1): L(T) >= 0);
@FOR(SCHOOL(I): M() >= 0);
@FOR(SCHOOL(I): V(1) >= 0);

CALC:
@SET('TERSEOQ', 2);
@SET('STAWIN, 0);
I Solve the DEA model for every DML
{@FOR( SCHOOL( 1U):
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UNIT = IU;
@SOLVE();
SCORE( IU) = Z;
EFF(IU) = 1/SCOREIU)):;
ENDCALC

A3.4: LINGO Programming for VRS Model

SETS:
SCHOOL: L, M, V, SCORE, EFF;
FACTORO7;

DXFSCHOOL, FACTOR07): FCT7;

ENDSETS

DATA:
SCHOOL, FCT7, FACTORO07 =
@OLE( 'C:\AlISchool. XLS");
@OLE( 'C:\AlISchool XLS','VRS07")= EFF;
ENDDATA

MAX = 7Z;

@FOR(FACTORO7(T)| T #EQ# 1:
@SUM( SCHOOL( T): FCT7(L,D* L{I)) <= FCT7(UNIT,D);

@FOR(FACTORO7(D)| T #EQ# 2:
@SUM( SCHOOL( I): FCT7(L})* L(I)) <= FCT7(UNIT,]));

@FOR(FACTORO7(J)| ] #EQ# 3:
@SUM( SCHOOL( T): FCT7(II)* L(I)) <= FCT7(UNIT,));

@FOR(FACTOROT(T)} T #EQ# 4:
@SUM( SCHOOL( 1): FCTT(LI)* L(1)) <= FCTT(UNIT,D));

@FOR(FACTOROT(T)| T #EQ# 5
@SUM( SCHOOL(1): FCT7(LH* L(I)) <= FCT7(UNIT,)));

@FOR(FACTORO7(D)! T #EQ# 6:
@SUM( SCHOOL( I): FCT7(LJ)* L(1)) <= FCT7(UNIT,J));

@FOR(FACTORO7(J)| ] #EQ# 7:
@SUM( SCHOOL( I): FCT(LI)* L(I)) <= FCT7(UNIT,));

@FOR(FACTORO(T)| T #EQ# 8:
@SUM( SCHOOL( T): FCTH(1LI* L(I)) <= FCTT(UNIT,))):;

@FOR(FACTORO7T(N)| J #EQ# 9:

@SUM( SCHOOL( I): FCT7(L1)* L(1)) >= FCT7(UNIT,J) * Z);

209



@FOR(FACTORO7(])| T #EQ# 10:
@SUM( SCHOOL( I): FCT7(L,1)* L(D)) >= FCT7(UNIT,]) * Z);

@FOR(FACTORO7(D)| ] #EQ# 11:
@SUM( SCHOOL( T): FCT7(LT)* L(I)) >= FCT7(UNIT,J) * Z);

@FOR(FACTORO7(T)| J 4EQi# 12:

@SUM( SCHOOL( I): FCT7(L1)* L(D)) >= FCT7(UNIT,J) * Z);
@FOR(FACTORO7(J)| J 4EQi 13:

@SUM( SCHOOL( I): FCT7(L1Y* L(D)) >= FCT7(UNIT,J) * Z);

@FOR(FACTORO(N)| J #EQ# 14:
@SUM( SCHOOL( I): FCT7(I,T)* L(T)) >= FCT7(UNIT,) * 7);

@FOR(FACTORO7(})| ] #EQ# 15:
@SUM( SCHOOL( T): FCT7(LT)* L(I)) >= FCTZ(UNIT,J) * Z);

@FOR(FACTORO7(Y)| T 4EQ¥ 16:
@SUM( SCHOOL( T): FCT7(LIY* L(D)) >= FCT7(UNIT,J) * Z);

@FOR(FACTORO7(D)| I #EQ# 17:
@SUM( SCHOOL( 1): FCT7(LI)* L(T)) >= FCT7(UNIT,T) * 7);

@FOR(FACTORO7(D)| J #EQ# 18:
@SUM( SCHOOL( T): FCT7(L))* L(D)) >= FCT7(UNIT,J) * Z);

@SUM(SCHOOL(T): L(I)) = I;
@FOR(SCHOOL(): L(I) >= 0);

CALC:

@SET('TERSEO), 2);
@SET('STAWIN', 0);

I Solve the DEA model for every DMU;
@FOR( SCHOOL( IU):
UNIT =1U;
@SOLVE(;
SCORE(IU) = Z;
EFF(1U) = 1/SCORE(IU)
%
ENDCAILC
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A3.5: LINGO Programming for CRS Model
LINGO programming for CRS model

SETS:
SCHOOL: L, M, V, SCORE, EFF;
FACTORO7;
DXF(SCHOOL,FACTORO07): FCT7;
ENDSETS

DATA:
SCHOOL, FCT7, FACTORG(7 =
@OLE('C:AAllSchool XLSY;
@OLE( 'C:AAllSchool XLS',/CRS07")= EFF;
ENDDATA

MAX =127,

@FOR(FACTORO7(D)| J #EQ# 11
@SUM( SCHOOL( I): FCT7(LT)* L(I)) <= FCT7(UNIT,J));

@FOR(FACTORO7(T)| T #EQ# 2:
@SUM( SCHOOL( I): FCT7(L,))* L(1)) <= FCT7(UNIT,)));

@FOR(FACTOROT(T)| J #EQ# 3:
@SUM( SCHOOL( 1): FCT7(L1)* L(D)) <= FCT7(UNIT,J));

@FOR(FACTOROT(T)| T #EQ# 4:
@SUM( SCHOOL( T): FCT7(I,1)* L(T)) <= FCT7(UNIT,D);

@FOR(FACTORO7(1)| ] #EQ# 5:
@SUM( SCHOOL( T): FCT7(L,))* L)) <= FCT7(UNIT,D);

@FOR(FACTORO(T)| T #EQ# 61
@SUM( SCHOOL( I): FCT7(L,1)* L(T)) <= FCT7(UNIT,D);

@FOR(FACTORO7())| ] #EQH 7:
@SUM( SCHOOL( I): FCT7(LJ)* L(I)) <= FCT7(UNIT,}));

@FOR(FACTORO7(1)| ] #EQ# 8:
@SUM( SCHOOL( I): FCT7(L))* L(D)) <= FCT7(UNIT.J));

@FOR(FACTORO7(T)| T #EQ# 9:
@SUM( SCHOOL( I): FCT7(LI)* L()) >= FCT7(UNIT,]) * 7);

@FOR(FACTORO7(1)| T #EQ# 10:
@SUM( SCHOOL( I): FCT(I,1)* L(1)) >= FCT7(UNIT,J) * Z);

@FOR(FACTORO7(])| ] #EQ# 11
@SUM( SCHOOL( T): FCT7(1,7y* L(1)) >= FCTH(UNIT,J) * 7Z);

211



@FOR(FACTORO7(T)| J #EQ# 12:
@SUM( SCHOOL( I): FCT7(L1)* L(I)) >= FCTT(UNIT,J)) * Z);

@FOR(FACTORO7(N)| J #EQ# 13
@SUM( SCHOOL( I): FCT7(L)* L(I)) >= FCT7(UNIT,T) * 7);

@FOR(FACTORO7(D)| ] #EQ# 14:
@SUM( SCHOOL( T): ECT7(,J)* L(I)) >= FCTT(UNIT,J) * Z);

@FOR(FACTOROT(D)| T 4EQ¥ 15:
@SUM( SCHOOL( I): FCT7(LI)* L(I)) >= FCT7(UNIT,]) * Z);

@FOR(FACTORO7(D)| J #EQ# 16:
@SUM( SCHOOL( T): FCT7(LT)* L(T)) >= FCT7(UNIT,]) * 7);

@FOR(FACTORO7(})|  #BQ# 17:
@SUM( SCHOOL( T): FCT7(L))* L(I)) >= FCT7(UNIT,J) * Z);

@FOR(FACTORO7(T)| T 4EQ# 18:
@SUM( SCHOOL( I): FCT7(LJ)* L(1)) >= FCT7(UNIT,J) * Z);

@FOR(SCHOOL(I): L(I) >= 0);
CALC:

@SET('TERSEO, 2);
@SET('STAWIN', 0);

I Solve the DEA model for every DMU;,
@FOR( SCHOOL( TU):
UNIT = 1U;
@SOLVE();
SCORE(IU) = Z;
EFE(IU) = 1/SCORE(IU)
)
ENDCALC
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APPENDIX TO CHAPTER 4
A4.1 School’s efficiency under HRS, VRS and CRS models

HRS VES CRS
CODE SCHOOL

2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008
KEABG3S | SMK BALING 685 | 097 | 087 | 108 | 100 | 100 | 180 | 100 | 100 | 1oo | ro¢ | 1.00
KEA036 | SMX SIONG 1oe | oo | 100 | 100 | 100 | 100 | 100 | 1.00 | 100 | 1.00 | 1.00 | 106
KEAGOS4 | SMK TELOTKANAN 087 | oee | 100 | 091 | 095 | 079 | 100 | 096 | 092 | 077 | 100 | 091
KEAG0GS | SMK TANIONG PUTERI 095 1 091 | 1.00 | 091 | 100 | 098 | 1.00 | 096 | 1.00 | 091 | 1.08 | 095
KEARIGT | SMK JERAT 083 | 095 | 090 | 100 | 092 | 100 | oo | oo | 091 | 100 | 100 | 100
KEAGOSS | SMK PARIT PANJANG 093 1 100 | 100 | 100 | 093 | 100 | roo | oo | 093 | 100 | 100 | Loe
KEAMIGY | SMK SYED ABU BAKAR 087 | 100 | 100 | 160 | 100 | 1.00 | 100 | 100 | 993 | 100 | 100 | 100
KEAG070 | SEKOLAH MODEL KHAS BALING oe b o1oe | oreo | oo | roe | oo | oo | oo | roo | oo | roe | voo
KEAGI7TE | SMK BAKAI 106 | 100 | 697 | 094 | 100 | Loo | 100 | 100 | 100 | 100 | Loo | 100
KEAL002 | SMK LUBOK BUNTAR 092 | 076 | 1eo | 100 | too | 080§ 100 ! 100 | 100 | 077 | 100 | roo
KEAZ090 | SMK SULTANAH BAHIYAH 100 1 100 | 160 | 100 | oo | roe | oo | 1o | 100 | oo | 100 | 100
KEAZ091 | SMK DATO' SYED OMAR 084 | 078 | 078 | 066 | 1.00 | 087 | 08s | 082 | 100 | 085 | 076 | 078
KEA2093 | SMK KEPALA BATAS 200 | 100 | 100 | 077 | 088 | 073 1 072 | 079 | 087 | 072 | 068 | 078
KEA2094 | SMK SEEFRANG PERAK 081 | 086 | o7 | a6z | oss | 0os 077 | oss | ose | 004 | 06 | 06e
KEA2095 | SMK LANGGAR 100 | 100 | 100 ] 6o ! 100 | 100 | too | ese | 100 i roo | oo | 09
KEA2096 | SMK DATO" WAN MOHD SAMAN 088 | 082 | 109 | 095 ] 090 | 094 | 1.00 | 100 i 0.89 | 694 | 1.00 | 100
KEA2097 | SMKKEATHWA?2 100 | oo to1oo | 1o { 100 | oo | oo | too ] 100 | roo | oo | 100
KEAZI61 | SMK TAJAR 100 | 095 | 106 | oo | oo | 100 | roe | 091 | 100 | roo | 100 | oss
KEAZI78 | SMK JAEI 080 | 100 | 080 | 090 | 100 | 100 | 093 | 100 | 106 | 1oo | 092 | 1.0
KEAZI 79 ?]I;Jﬂl{bgw MOHAMED AL-BURHARY | 400 | g81 | 072 | 096 | 083 | 088 | 077 | 082 | 083 | 088 | 075 | 0.81
KEAZ2(80 | SMK MERGONG 080 | 080 | 078 | 076 | 095 | 092 | 0.8 | 084 | 092 | 086 | 0.0 | 0.8
KEA2(8] | SM SAINS PGKOK SENA 1oo | o0 | oroo | 100 ] roo | 100 | voe | zoo | ron | 100 ] Loo | roo
KEAZI82 | SMK SIMPANG KUALA 100 | 100 | o7 | ose ] 100 | oo | too | 1e0 | zoo | 100 ] 100 | 1o0
KEA2I83 | SMK KUBANG ROTAN 100 | 097 | 100 § 100 { 100 | 100 | 100 | toe | noo | oo | 100 | 100
KEA2184 | SME BUKIT PAYONG 1o | Loo | os4 f 100 | 100 | roo | o7 | 00 | soo | 100 | ose | roo
KEA2185 | SMK SERIPANTAI 100 | eos | 100 076 | oo | voo | too | oo | 1oe | oo | 1e0 | Loo
KEA3046 | SMK KHIR JOHART 082 ] 074 | 079 | 088 | 087 | 085 | 1.00 | 1.00 | 0.85 | 078 | 050 | 0.96
KEA3105 | SMK TUNKU ISMAIL 1097 | 1eo |08 [ o095 | ess | 100 | 091 | 099 | 008 | 100 | 091 | 080
KEA3106 | SMK SUNGAI PASIR 100 | 089 | 084 | 081 | Leo | 100 | 091 | 092 | 100 | 097 | 08z | 083
KEA3107 | SMK KOTA KUALA MUDA 100 | 160 | 100 | 095 | 1e0 | 100 | 1e0 | 096 | 100 | 1oe | L0 | 096
KEA3108 | SMK BUKIT SELAMBAU 100 | 160 | 1.00 | 1.00 | 100 { 1o0 | 100 | 100 | 100 | 0o | 100 | 1.00
KEA3109 | SMK BANDAR SUNGAI PETANI 160 | 092 | 100 | 097 | 100 | 100 | 100 ! 1.00 | 100 | 095 | 1.00 | 097
KEA3118 | SMK SERI BADONG 278 | oge | 070 | 082 | os0 | oso | om2 | 083 | 0so | ose | 081 | 083
KEAZII1 | SMK AMAN JAYA 697 | o088 | 099 | 095 | 100 | too | too | 100 | Loo | oss | toe | roo
KEA3112 | SMK BATU 5, JALAN JENIANG 100 | 076 | 092 | 074 | 100 | 081 | o84 | 080 | 100 | 078 | 081 | 077 |
KEA3113 | SMK SUNGAILAYAR ess | 097 | 093 | 095 | o8s | oox | mos | roo | oss | 006 | o3 | 1eo
KEASIT4 | SMITAMAN RIA JAYA 097 | 095 | 100 | 081 | 100 | 100 | 100 | 160 | 695 | 100 | 100 | 067
KEA3I}5 | SMK PENGKALAN LEBAI MAN 08l | 0%0 | 08 | 091 | 086 [ 095 1 100 | v93 | 081 | 087




HRS VRS CRS
CODE SCHOOL

2005 | 2006 | 2007 | 2008 | 2005 | 2005 | 2007 | 2008 | 2005 | 2006 | 2007 | 2608
KEA3116 = SMK PINANG TUNGGAL 106 | 086 | 085 | 088 | 100 | 0.86 | 085 | 091 | 100 | 0.8 | 085 | 09
KBEA3I17 | SMK BAKAR ARANG toe | 1oo | 098 | o9s | oo | 1oo | oo | roo | reo | oo | 100 | ros
KEA4335 | SMK BANDAR BUKITKAYURITAM | 068 | 100 | 075 | 100 | 071 | 106 | 675 | 100 | 0.69 | 1.00 | 072 | 1.00
KEA4036 | SM SULTAN ABDUL HALIM toe | 100 | 100 | 100 | too | oo | 100 | 100 | 100 | 100 | 100 | roo
KEA4038 | SMK TUNKU SERTINDERA PUTERA | 1.00 | 100 | 1.60 | 100 | 1.00 | 1.00 | 100 | 100 | 1.00 | 1.00 | 100 | 100
KEA4G58 | SMK CHANGLUN 097 | 091 | 1.60 | 098 | 098 | 1.00 | 100 | 098 | 098 | 100 | 100 | 097
KEA$059 | SMK PERMATANG BONGLAI toe | 1oo | o100 | 100 | roe | roe | 1oo | too | 100 | 100 | 100 | noo
KEA4D60 | SMK MEGAT DEWA oo | o8z | 100 | 096 | 100 | o0& | 100 | 100 | 100 | 087 | 100 | 100
KEA4061 | pote JONEY ANUMTUNKUABDUL | 00 | g7s | o73 | 076 | 076 | 075 | o7 | a82 | 676 | 073 | 073 | o2
KEA4062 | $MK HOSBA 091 | 100 | 160 | 100 | 100 | 106 | 100 | 100 | 1.00 | 1.00 | 100 | .00
KEA4063 | SMK TANJUNG PAUTL 073 | 093 | 699 | 09 | 083 | 093 | 100 | 096 | 043 | 089 | 100 | 095
KEA4065 | SMK BANDAR BARU SINTOK. 080 | 100 | 100 | 027 | oso | 100§ 100 | 090 | 080 | 100 | 100 | 087
KEA4066 | SMK BANDAR BARUDARULAMAN | 1.00 | 074 | 094 | 050 | 1.00 | 074 | 094 | 691 | 100 | 074 | 094 | 001
KEAS023 | SMK SUNGAI KOB 100 | 100 | 100 | a4 | 100 | 100 | 100 | 092 § 100 | 100 | 100 | 091
KEAS024 | SMK KULIM 079 | 160 | 087 | ¢77 | 079 | 100 | 095 | nsz | 079 | 100 | 095 | 081
KEAS025 | SMK DATO LELA PAHLAWAN 093 | 092 | 086 | 100 | 095 | 097 | 098 | 100 | 095 | 093 | 091 | 100
KEAS026 | SMK KELADI 083 | 079 | 100 | 074 | 1.00 | 100 | 100 | 050 | 160 | 100 | 100 | 0.88
KEAS067 | SMK LABU BESAR 093 | 093 | 076 | 079 | 100 | 1.00 | 084 | 099 | 106 | 100 | 084 | 0.99
KEAS068 | SMK SUNGAI KARANGAN 092 | 083 {078 | 071§ 100 | 080 | 098 | 093 | 100 | 088 | 088 | 091
KEAS069 | SMK LUNAS 095 | 095 § 1,00 | 1oo | 100 | 1.00 | roa | Loo § 1o6 | 1e0 i Loo | 100
KEASOT) | SMK JUNJUNG 074 | ©.83 | 100 | 080 | 076 | 0.83 | 300 | 089 | 074 | 683 | 100 | 0.83
KEAS07) | SMK TAMAN SELASIH 088 | oo 088 | o7 | 088 | 008 | 09n | o2 | o8 | 097 | uss | om
KEAS0T2 | SMK TAMAN KENARI 080 | 879 § 076 | 088 | 092 | 089 | nos | 100 | o2 | 083 | 092 | 100
KEA5073 | SMK JALAN PAYA BESAR 082 | 067 | 081 | 068 | 1.00 | 069 | 085 | 080 | 1.00 | 068 | 085 | 0.70
KEAS074 | SMK AIR MERAH 100 | 1eo fose | oo | oo | oo | o8 | 085 | 095 | 1uo | 081 | o8
KEAS07S | SMK TAMAN HITECH 083 | 160 | 085 | 077§ 100 | Loo | 002 | 100 | 081 | 1460 | 684 | 0.9
KEAG014 | SMK AYER HANGAT a7t | er0 o067 | woo | 093 | a9s | 098 | 1oa | 092 | 095 | 096 | 100
KEAG01S | SMK TUNKU PUTRA 079 | 697 | (00 | 100 | 100 | 100 | 090 | 091 | r.0s | 00 | 688 | 0.90
KEAG016 | SMK KEDAWANG 082 | 066 | 102 | 085 | 087 | 070 | 106 | 085 | 0.85 | 069 | 100 | 0.85
KEAG017 | SME LANGKAWI, P.TURA 070 | ©50 | tos | 077 { 077 | 100 | 500 | 089 | 067 | 053 | eeo | 077
KEA7017 | SMK PADANG TERAP 100 | 091 | 075 | 074 | 100 | 093 | 076 | 077 | 10o | 083 | 035 | 077
KEA7012 | SMK LUBOK MERBAU 089 | 100 | 100 | 084 | 697 | 100 | 1.00 | 087 | 095 | 100 | 100 | 087
KEA7019 | SMK NAKA Loo | 10 | 096 077 | oo | rao | 097 | 082 | roe | 095 | oss | e
KEA7020 | SMK PEDU 100 | 160 | so0 {100 1100 ] o0 | oo | 500 | zoo | 100 | 100 | 100
KEAB020 | SMK SERTENGGANG 1o | 160 | 100 | 099 | 100 | 100 | 100 | roe | 1o | 100 | 1eo | e.99
KEAS02E | SMK GULAU 100 L oeo | onoo | oo ] roo ) oo | too | seo | noo | 100 | 106 | 1m0
KEA8022 | SMK CHEPIR 690 | 160 | 1o § 100 | g0 | 1o | J00 | oo | 100 | 100 | 100 | Loo
KEA001 | SMK SUNGAI LIMAU YAN 680 | 100 | 087 | 094 | 085 | 100 | 091 | 100 | 084 | 100 | 091 | 100
KEAS00Z | SMK BATU 17 100 | ogs | 1oo | 1oo | 1o | oo | 1a0 | woo | 100 | 083 | 100 | 100
KEAS003 | SMK DULANG oo | 092 | 085 | oss | 1oo | ose | 1o0 | oo | 100 | 093 | 100 | 100
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HRS VRS CRS
CODE SCHOOIL

2005 | 2006 | 2007 [ 2008 | 2005 | 2006 { 2007 | 2008 | 2805 | 2006 | 2007 { 2008
KEAA09I | SMK TOKAI 0.89 0.64 0.57 1.00 | 093 | 063 | 0.8% o0 | 091 0.63 .86 1.80
KEAA092 | SMK KUBCR PANIANG 0.94 1.60 LOG 1.00 | 0.56 1.00 LOG 100 [ 095 | 096 1.60 1.00
KEAATO4 | SMK AYER PUTEH DALAM 0.70 1.80 0.82 | 095 | 0.86 1.00 | 0.9% LO0 | 0.84 1.00 | 0.88 LGO
KEAAIRD | SMK TANAHMERAH Lo 1.60 LOG 1.00 1.00 1.00 106 | 093 1.00 1.00 1.60 | 492
KEAAIB] | SMK SYED IBRAHIM 0.88 1.60 106 | 1.00 § 091 1.00 1.00 100 | 0.89 | 099 1.¢0 1.60
KEAAIRS | SMK TUNKU TEMENGGUNG 0.87 0.82 097 | 0.77 | 090 | 092 L0G 100 | 088 | 0.86 1.60 1.60
KEAATIB4 | SMK TOBIAR 1.00 0,83 100 1.00 1.00 1.00 1.00 1.00 1.00 | 091 1.60 1.00
KEBO037 | SMK TUNKU PUTERA BALING 0.89 0.50 092 | 085 1.00 1.00 1.00 100 | 095 [ 055 1.60 | 8.50
KEB2093 | SMK DARULAMAN 0.89 0.66 0.71 078 [ 095 | 070 | 099 | 079 | 095 | 069 | 079 | 079
KER2094 | SMEK KEAT 1WA 1.0g 1.60 1.00 1.00 L0 1.00 | 1.00 1.00 1.00 1.00 1.60 1.09
KEB2095 | SMK SULTANAE ASMA 100 1.00 0.94 1.00 1.80 1.00 | 0.95 1.00 1.00 100 | 095 1.60
KEB2096 | KOLE) SULTAN ABDUL HAMID 0.87 0.80 0.94 1.00 | 094 1.00 1.00 1.0 | 0.94 | 080 | 094 1.00
KEB2097 | SMK ST MICHAEL 100 1.06 1.06 | 0.87 180 140 1.00 | 0.89 1.00 109 .00 | 0.88
KER2098 | SMK CONVENT (M) 180 1.00 092 | 0.89 1.60 180 | 093 0.90 1.00 100 | 092 | 089
KEB2162 | SMK TUNKU SOFTAH 495 0.51 0.71 1og | 096 § 091 0.7 100 | 095 1 0.83 | 071 0.99
KEB3047 | SMKDATO BIUAYA SETIA 1.00 1.0¢ 0.90 | 0.87 1.6 1.80 1.0 1.00 1.00 1.0¢ | 099 | 094
KEB3048 | SMK CONVENT FATHER BARRE .91 L.0¢ 0.84 | 080 | 0.98 L.e0 | 0.87 | 0.87 | 0.98 1.00 | 086 | 086
KEB3049 | SMK IBRAHIM 1.00 0.98 090 | 0.92 1.00 § 099 | 095 { 093 1a0 | 0.98 | 094 | 092
KEB3050 | SMK ST THERESA (M) G.76 1.00 1.00 1oo | 082 1.00 180 100 | 0.8] 1.00 100 1.00
KEB305]1 SMEK. BTN MIN (CF) 1.00 100 0.93 1.08 1.00 1.00 | 0.94 1.00 1.00 1.00 | 0.84 L.OG
KERS025 | SMK CHIO MIN (CF) 0.94 0.09 1.00 1.00 | 0.97 1.0 1.00 100 | 4.90 1.00 1.00 100
KEB3026 | SMK TUNKU PANGLIMA BESAR 0.73 100 1.00 | 0.86 | 0.86 1.09 1.60 100 | €.83 1.00 1.00 1LOG
KEB5027 § SMK SULTAN BADLISHAH 1.00 1.00 1.00 1.00 .00 i.00 1.00 1.60 160 | 0.97 1.00 100
KEB5028 | SMK ST PATRICK (M) 0.61 0.80 0.83 1.00 | 0.68 L.og | 693 180 | 066 100 | 076 | 0.90
KEB3029 | SMK ST ANNE'S CONVENT 0.87 100 0.68 | 0.87 | 091 1.0¢ | 0.78 160 ; 0.89 Loo | 074 | 092
KEEG038 | SMK KUALA KETIL 0,96 0,80 4.86 | 0,85 1OG 1.0G 1.00 | 098 1.00 1.00 | 097 | 097
KEEQ039 ; SMK KUALA PEGANG 091 0.98 180 1.60 | 092 | 092 1.00 1.60 | 0.88 | 098 L.oo 1.00
KEEI017 | SMK SULTAN AHMAD TAIUDDIN 0.95 0.87 497 | 0.82 o0 | 087 | 097 0.82 1.00 | 0.87 | 097 | 0.82
KEE1(18 | SME SERDANG 0.76 0,79 889 | 085 | 079 | 087 1 096 | 092 { 0.77 | 080 §{ 094 | 090
KEEZ100 | SMK TUNKU ABDUL MALIK 1.0¢ 1.00 6.86 1.60 1.00 3.00 1 097 1.00 { 093 | 097 | 0.8t 1.00
KEE2104 SMK ALOR JANGGUS 0.84 0.79 0.76 | 0.93 0.91 095 | 082 1.00 {1 090 | 9.86 | 0.80 | 0.94
KEE2102 | SMK MUADZAM SHAH £.00 1.00 0.98 | 0.90 1.00 1.00 1.00 100 1,00 | Kili] LO0 1.00
KEE2104 | SMK TUNKU ABDUL AZIZ 0.84 1.00 1.00 1.0 § 0.90 1.00 1.00 1.00 1 090 140 1.00 1.00
KEE2106 | SMK POKOK SENA 0.93 0.88 0.77 | Q.83 1.00 1.06 [ 090 | 096 100 1 086 | 080 | 0.82
KEEZI07 | SMK TUN SHARIFAH RODZIAH 0.76 1.00 098 | 0.82 | 081 1.00 | 098 | 0.85 | 0.78 180 | 497 | 0.84
KEE2108 | SMK TENGKU LAKSAMANA 0.68 0,94 090 | 4.8 { 070 | 095 | 091 087 1 070 ¢ 0894 | 090 | 0.87

—_.I;EEZMO SMK SERI GUNONG 0.85 0.76 086 | 051 1.00 | 093 | 0.98 LOG 100 | 050 | 897 I*G()_

KEE3$52 | SMK BEDONG 0.96 1.00 0.94 1.0 1.00 1.00 .00 1.00 1.00 1.80 1.40 140
KEE3®53 SMK CHE TOM 'SRT' 0.88 0.88 0.91 D68 1 0.88 | 0.89 | 091 0.71 0.88 | 0.89 | 091 0.71
KEE3054 | SMK GURUN 0.95 6.78 098 ¢ 0.82 100 | 0.90 100 | 095 1.00 | 0.81 1.B0 | D88

215




HRS VRS CRS
CODE SCHGOL

2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008
KEE3035 | SMK MERBOK 100 1.00 1.60 1.00 100 100 1.00 1.c0 1.00 1.00 1.00 1.00
KEE3056 | SMKPEKULA JAYA 0.83 0.92 1.00 | 0.83 085 | 092 1.00 1.00 | 0.85 | 092 1.00 1.00
KEE3057 | SMK TUNKL SULONG 0.90 0.87 0.74 | 0.93 094 | 088 085 088 | 0.92 | 0.87 | 0.85 0.98
KEE31035 SM SAINS SULTAN MOHAMAD JIWA 1.00 1.00 1.09 1.00 1.00 100G 1.00 1.60 100 1.00 1.00 1.00
KEE4037 | SMEK HTRA 1.00 1.00 1.00 1.60 1.00 100 .00 1.00 1.069 1.00 1.00 1.00
KEE4438 | SME SERI MAHAWANGSA - 0.84 0.87 090 § 0.86 | 099 | 095 [ 092 | 0.88 | 085 | 0.87 | 091 0.58
KEE4039 | SMK TUNKU BENDAHARA 0.39 4.91 084 § 0.86 | 090 | 095 | 085 0.93 0.89 | 092 | 0.84 | 093
KEE4040 | SMEK PULAU NYIOR 1.00 1.00 1.03 100 1.00 1.00 1.00 .00 1.00 1.00 1.00 1.00
KEE4041 SMK AYER HITAM 0.8} 1.80 084 § 09%% | 091 1.00 | 097 100 | 083 100 | 0.87 1.00
KEES030 | SMK MAMANG 0.93 0.68 L.O0¢ | 689 | 098 | 075 100 100 | 095 | 673 1.00 | 0.99
KEES031 SMK PADANG SERAI 0.82 0.85 08¢ | 077 | 0.89 | 094 | 083 | 0.78 | 0.88 | 0494 | 087 | 0.77
KEE60I6 | SMK MAHSURI 0.97 G.80 092 1 0.89 100} 090 ) 100 | 094 | 096 | 083 | 089 | 0.89
KEE7017 SMK DATO' SYED AIIMAD 0,95 0.88 1.00 1,00 1.90 | 0.88 1.00 1.0¢ | 085 | 075 1.00 1,00
KEES018 | SMEK SIK 1.60 0.88 079 § 0.86 1.60 140 100 1.00 100 1.60 100 | 0.98
KEE9023 SMK GUAR CHEMPEDAK 0.83 0.34 0.8¢ | 097 [ 093 | 096 | 0.99 1.00 | 0.87 | 083 | 092 | 4.97
KLE9024 | SMIK YAN {.85 0.98 080 | 0.83 0.98 1.80 | 0.83 1,00 | 097 1.00 | 0.83 L.G0
KEEAID3 | SME PENDANG 8.91 0.91 093 | 095 | 099 1.60 1.00 | 098 | 085 | 0.88 | 050 | 0.9
KEEAT105 | SMK SUNGAI TIANG .79 0.99 080 | 075 | 094 1.00 | 092 | 033 0.93 1.00 | 0.82 | 0.83
KRAO000] SMK AGAMA BALING 1.00 1.00 1.00 | 0.91 1.00 1.00 140 1,00 1,00 1,00 1.00 | 0.9
KRA2001 | SMK AGAMA KEDAH 0,52 1.00 1.00 | 0.87 | 096 100 180 § 098 | 096 1.0G 1.60 | 0.91
KRAB001 | SMK AGAMA SIK 0.97 096 1.00 oG | 0.97 1.00 1.00 100 | 096 | 0.9 .00 1.00
KRA9001 SMK AGAMA YAN 100 0.90 1.00 | 0.90 1.00 1.08 1.00 | 0.98 1.oo | 091 .00 | 091
PEAO0C] SMK PRAIL 0.85 0.79 0.85 | 095 | 086 | 096 | £.39 100 | 0.86 | 0.8¢ | 0.87 1.04
PEAOOG2 SMK BERAFPIT 1.0¢ 1.00 1.60 | 100 100 100 | 1.00 180 100 | 1.00 10G 1.00
PEAQ0O03 SMK GUAR PERAIIU 0.51 0.81 ¢.86 | 093 | 091 095 | 0.97 160 | 0.85 | 083 | 087 [ 0.92
PEAQ(04 SMK SEBERANG JATA 071 0.92 0.8] 080 | 083 | 094 | 087 | 08 | {76 | 093 | 085 | 0.84
FEAO005 SMK PERMATANG RAWA £00 0.94 G.85 1.60 1.00 100 1.00 1.60 1.0 | 097 { 099 1.06
PEAJQGOS SMK SAMA GAGAH 0.5% 0.76 1.60 1.00 | 0.8% i.00 1.00 1.00 | 0.85 | 0.83 1.00 1.00
PEAQ007 SMK TAMAN INDERAWASIH 0.73 0.85 0.98 | 0.78 | 0.7% | 095 1.0 | 079 | 0.78 | 0.94 100 | 079
PEAQ008 SMK ALMA 0.97 0.75 078 | 0,59 |-1.00 | 075 | 0.85 0.73 0.94 | 075 082 | 0.73
PEADO0% | SMK MENGKUANG 100 1.00 0.93 | 0.63 1.00 1.00 .04 | 0.86 1.00 1.00 1.00 | 0.83
PEA1090 | SMK ABDULLAB MUNSEL 0.65 0.62 076 | 0.78 | 087 | 0.76 | 0.88 [.0O | 0.84 | 0.75 | 0.85 1.00
PEA1091 SMK (P) SRIMUTIARA 0.88 1,00 084 | 086 | 090 1.00 | 0.88 1.00 § 0.88 | 0.98 0.86m 1.00
PEALQ93 SMK BUKIT GAMBIR 0.76 0.77 082 | 875 1.00 | 0.81 0.85 | 093 1.0 | 0.81 0.8t 0.92
PEATN94 | SMK AIR [TAM 0.93 0.81 0.88 | 0.69 1.60 1.00 (R 100 L.0% 100 1 0.99 1.60
PEAI1211 SMK TELOK KUMBAR 1.00 .99 0.8% | 0.92 1.00 1.00 | 096 | 0.99 1.0¢ 160 | 090 | 0.99
PEAZ205] SMK PERMATANG TOK JAYA 1.00 .52 (].?6w .85 160 1.00 686 1.00 LOG 1 GM()ﬁ 086 100
PEA2052 | SMK DATUK HAH AHMAD SAID 1.00 0.81 0.92 + 084 100 | 0.8] 097 | 0.87 100 1 079 1 096 | 0.87
PEA2053 SME DATUK ONN 0.6 0.78 075 | 084 | 08 1 079 | 082 | 094 | 084 | 079 | 077 | (.94
PEA2054 SMK DATUK HAJI AHMAD BADAWT .61 0.63 .86 1.00 | 0.62 64 | 0.93 097 | 062 | 0.63 080 | 0.94
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HRS VRS CRS

CODE SCHOOL
2005 | 2006 | 2007 | ovoe | 2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008

PEAZ055 | SMK SRIMUDA 087 | toe | 100 | o83 | 1o | reo | 100 | 100 | 100 | tow | 100 | io0
PEA2056 | SMJK CHUNG LING BUTTERWORTH | too | Loo | 100 | 100 | 180 | 1oo | oo | s00 | 100 | 100 | 100 | Loo
PEA2057 | SMK TELOK AIR TAWAR 082 | 087 | 092 [ 076 | 080 | 087 | 100 | 084 | 085 | 085 [ 100 | cm
PEAZ058 | SMK PAYA KELADI 100 | 100 | 100} 0.7 | 160 | 100 | 1oo | 09s | noe | 1o | 100 | co
PEA2082 | SMK MAK MANDIN 100 | 100 | 093 | 0.84 1 1060 | 100 | 100 | 009 | 100 | 100 | 100 | 0.9
PEA2083 | SMK BAGAN JAYA 100 | 100 | 100 | 1.00 | 100 | 100 | 100 | 106 | £.0¢ | 100 | 100 | 1.60
PEA3033 | SMK RAJA TUN UDA 088 | 062 | 079 ] 071 1 100 | 100 | 100 | 100 | 095 | 087 | 590 | Lao
PEA3034 | SMEK SERI BALIK PULAU 089 | 023 | 085 | 075 | 697 | 100 | 100 | 090 | 097 | 084 | 099 | s
PEA3035 | SMI BATU MALNG 080 | 050 | 080 | 080 | 1.00 | 100 | 100 | 100 100 | 160 | 100 | 1.00
PEA4001 | SMK SUNGAI ACHEH 100 | 081 | 088 | o781 100 | 100 | 1oo | 100 ] 1oo | 160 | 100 | 1.60
PEA4002 | SMK VALDOR 100 | 160 |08 | 100§ 100 | 100 | 095 | 100 | roo § 1o | 293 | roo
PEA4003 | SMK SERI NIBONG 100 | 160 | 105 | 89 § 1.00 | 100 | 100 | 100 | 1oo | 100 | 100 | 100
PEA4004 | SMK MUTIARA TMPIAN 098 | 055 | 089 | 098 | 098 | 005 | 090 | 099 | 097 | 895 | 090 | 0.99
PEBO04Z | SMK TINGG! BUKIT MERTAIAM 100 | 160 | 09 | 874 § 100 | 100 | 100 | 081 | 100 | 100 | 098 | 089
PEBO043 | SMK JALAN DAMAI 100 | 180 | oo | 100 | oo | 106 | oo | oo | 100 | 100 | 100 | 1.00
PRBO04S | Do ORI (M) BUKIT 090 | 100 | 089 | ces | 090 | 100 | 090 | os7 | o | 100 | 090 | 0s7
PEBO045 | SMIK JIT SIN(CP) 100 | 180 | 1oo | oo § 100 | 100 | 100 | 100 | too | 1ee | 100 | 100
PEB1093 ggﬁfgr{mmm CHINA PULAU 100 | 1o0 i 106§ 1.00 | 1.00 | 100 | 100 | 160 | 100 | 100 | 100 | 1.00
PEB1094 | SMK PENANG FREE 100 | 0.95 [ 096 | 953 § 1.00 | 1.00 | 100 | 0954 | 100 | 099 | 1.00 | 001

PEB1095 SMIK CHUNG HWA CONFUCIAN (CIF) 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

PEBRIO9G | SMIK CHUNG LING (CF) 1.00 1.00 1.00 | 100 | 1.00 | 1.00 | 1.00 1.60 1.00 {100 1.00 1.00

PEBRIO97 SMK CONVENT GREEN LANE 0.97 100 1.00 Loo | 097 1.00 1.00 1.60 0.87 1.00 1.00 1.00

PEBI9R SMIK CONVENT DATUK KERAMAT 0.97 1.00 0.97 190 | 0.97 106 | 097 180 .97 1.00 | 097 1.00

PEBI(9® | SMK CONVENT LEBUH LIGHT 0.8% Lo 0.58 | 0.90 | 0.89 100 0O% 1 092 | 089 | 099 | 097 | 091
PEB1100 | SMK CONVENT PULAU TIKUS 0.94 0.86 0.8 | 087 | 096 | 088 § 083 | 488 | 094 | 086 | 081 0.87
PEBi102 SMK GEORGETOWN 0.8¢ 0.78 .71 070 | 086 | 087 | 087 | 090 | .85 | 086 | 0.87 | 0.8%
PEB1103 SMIK HENG EE (CF) 1.0G 1.00 1.00 1,00 1.06 1.0¢ | 1.00 1.00 1.00 1.00 1.00 1.0¢
PEB1 106 SME (L) METHODIST 0.89 0.78 0.76 | 077 | 089 | 0.79 | 0.4 | 098 | 088 | 0.78 | 093 | 0.98
PEBLIO7 SMK (P) METHODIST 0.87 0,89 094 1 089 | 087 | 090 | 4% § 092 | 087 | 0.89 | 094 | 0.8%
PEBI 108 SMIK PHOR TAY 1.00 1.00 1.00 1.00 1.00 1.09 100 100 1.00 1.00 1.06 LoG
PEB1109 SMK. (P) ST GEORGE 0.89 0.83 0.98 1.00 | 095 | 0.83 1.60 1.00 | 095 | 0.82 1.0¢ 1.0¢
PEBI110 SMK 5T XAVIER 1.60 0.85 1.00 | 0.97 £00 | 0.89 1.60 1.00 1.00 | 0.87 106 1.00
PEBIE2 SMK TUNKU PUAN HABSAH 4.81 0.88 013 | 0.77 | 0.88 1.0 1.00 | 079 | 0.88 1.06 | 094 | 0.77
PEBI1113 SMIK UNION L80 1.00 1.00 | 0.99 1.00 1.60 1.0 | 0.99 1.o0 1.00 106 | 099
PERLI 4 SMK. WESTLANDS 476 0.76 0.7 1.00 1.00 .60 | 0.92 1.00 1,00 5.00 | 0.92 L.og
PEB203% | SMK CONVENT BUTTERWORTH .87 0.84 0.95 100 | 092 | 0.88 1.00 1.00 | 092 | 085 106G £.00
PEB206D | SMK KAMPONG KASTAM 0.85 1.06G 079 | 0.86 1.00 1.60 1.00 1.00 | 0.87 1.00 | 094 .04
PEB2062 SMK 8T MARK (M) L0 1.o¢ 1.00 100 1.00 1.60 1.00 1.00 1.00 1.00 1.00 1.06
PER303G | SMIK SACRED HEART 1.GO 0.92 1.00 LOG 1.00 | 0.94 1.00 1.00 100 | 0.94 .00 .00

PEB3037 SMK ST GEORGE (M) .94 10¢ 0.88 | 082 1.00 1,60 1.60 1.00 190 100 LOG | 0.8%
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IRS VRS CRS
COPR SCIO0L

2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008 | 2005 | 2006 | 2007 | 2008
PEB3038 | SMK SUNGAI ARA 083 | 082 | 093 | 082 | 094 | 100 | 100 | 097 | 094 | 092 | 100 | 094
pEBa3s | SoK METHODIST (M), NIBONG 097 | 106 | 094 | 100 | 100 | 100 | 1oo | 100 | 100 | 108 | 100 | 1.00
PEEG040 | SMK BUKIT MERTAJAM 0o} 100 | 096 | 106 | 100} 160 | 160 | 100 | 100 | 1.op | 100 | 100
PEECO4] | SMK PENANTI 105 | 1.0¢ | 090 | 0.87 | 100 | 1.06 | 100 | 100 | 0.87 | 1080 | 100 | 100
PEEGOST | o1 AOAIS) TN SYED SHEH 100 | 100 | 1.00 | toe | 100 | 100 | 160 | 100 | 100 | 100 | 100 | 100
PEEI092 | SMK TANJONG BUNGA 065 | 1oe | oroo | tee | 077 | oo | 160 | 100 | 077 | 106 | 100 | 100
PEELIOL | ShAE DATUIH MOHAMED NOR 075 | 062 | 079 | 08¢ | 098 | 065 | 1.60 | 100 | 093 | 064 | 100 | 1.00
PEEI104 | SMK JELUTONG 078 1 078 | 075 | o | too | oos | 1eo | 100 | 1oo | eo8 | 100 | 100
PEEITI1 | SMK HAIl ZAINUL ABIDIN 076 | 08 | 100 | 100 | 100 | 054 | 100 | 100 | 1.00 | 0.8 | 100 | 1.00
PEEINLS | SMK PADANG POLO 060 | 077 | 078 | 1.00 | 073 | o84 | 082 | 100 | 0.69 | 084 | 078 | 100
PEB20S6 | SMK BAKTI 100 | 093 | 093 | 088 | 100 | 095 | 100 | 100 | 1.00 | 094 | 160 | 1.00
PEEA036 | SMK TUN SYED SHEH BARAKBAH 081 | 08 | o070 | tos | 100 | 160 | 100 | 100 | 100 | toe | 160 | 1.00
PEE4037 | SMK TUNKU ABDUL RAHMAN oo | 106 | 100 | 100 | 100 | 160 | 160 | 100 | 100 | toe | oo | 100
PRAL0G] | SMKA (L) AL-MASHOOR 0.88 | 083 | 079 | 0.8% | 091 | 086 | 087 | 087 | 0.90 | 085 | 083 | 0.76
PRAI002 | SMKA (P) ALMASHOOR 009 | 1oo | 100 | tee | 1oo ] roo | 100 | 100 | 099 | ton | 100 | 100
PRA2003 | SMKA AL-IRSHAD 099 | 100 | 100 | 106 | 099 | 100 | 100 | 100 | 099 | toe | 1o | 1.00
PRA400{ | SMKA NIBONG TEBAL 100 | 1oo | tao | oo | 100 | 100 | 160 | 100 | 1.00 | 108 | 100 | 100
REA00S4 | SMK DATO' SHEIKH AHMAD 078 | 091 | 100 | 1.0o | 081 | 092 | 160 | 100 | 0.80 | 091 | 100 | 1.00
READOSS | SMK SYED AHMAD 075 | 098 | 097 | 07 | 1oo | 100 | 1eo | 100 | 100 | toe | oo | 100
REA00S6 | SMK SYED HASSAN 075 | 067 | 086 | 095 | 079 | 069 | 160 | 100 | 076 | 068 | 095 | 1.00
READ074 | SN RAIA PUANMUDA TENGKL 086 | 077 | 077 | 072 | 089 | 078 | ose | 0ss | 080 | 077 | 084 | 038
REAO076 | SMK KUALA PERLIS 0.83 | roo | 100 | o84 | 089 | 100 | 100 | 090 | 088 | 100 | 160 | 089
REAGOT? | SMK DATUK JAAFAR HASSAN 074 | 075 | 070 | 064 | 081 | 092 | 094 | 100 | 078 | 076 | 082 | 089
REAGTS | SMK ARAU 082 | 100 | 066 | o6l | 088 | 100 | 078 | 078 | 088 | 106 | 074 | 072
REAGO7$ | SMK SANGLANG 100 | too | 100 | 106 | 100 | oo | 560 | 100 | 100 | zoe | 100 | L0O
READ0S6 | SMK ABI 106 | 080 | 087 | 076 | 100 | 106 | 100 | 100 | 100 | 1oe | 100 | 0.94
READOS] | SMK PADANG BESAR UTARA 081 | 100 | 085 | 058 | 081 | Loo | 05 | 060 | o8 | roo | ogs | 060
REACOS2 | SMK PADANG SIDING 071 | oo | 081 | 079 | 079 | 100 | 100 | 085 | 070 | 100 | 100 | 084
REAGOS3 | SMK SERIAB 0.76 | 069 | 057 | 061 | 100 | 073 | a6t | 070 | 092 | 073 | 061 | 068
REBUOS7 | SMK PUTRA 072 1 106 | 100 | 08 | 075 | 1oo | 1oo | 080 1 073 | roe | ros | oss
REBOOSS | SMK PERLIS 0.85 | 087 | 086 | 075 | 087 | 095 | 05 | 084 | 086 | 086 | 088 | 0.76
REE00SQ | SMK DERMA 690 | 092 | 088 | 098 | 100 | 094§ 094 | 099 | 100 | 093 | 093 | 098
REEO060 | SMK SYED ALWI 100 | o8¢ | 090 | 09e | 100 | 100 | teo | oo | 100 | 099 | 094 | 0ss
REF006} | SMK SYED SAFF! 089 | 095 | 097 | 000 | 095 | 100 | 098 | 002 | 095 | a9es | 097 | 002
REFOU6Z | SMK SYED SIRAJUDDIN 075 | 1oo | 100 | 081 | 084 | 1oo | 1o | 090 | 077 | 100 | 100 | o
REE0063 | SMK TENGKU SULAIMAN 089 1 078 | 0.87 | 081 | 097 | 098 | 1.00 | 100 | 693 | 074 | 050 | 096
REE0072 | $M (SAINS) TUANKU SYED PUTRA 100 | 095 | t.eo | rov | 100 | 100 | 1eo | 100 | 100 | 099 | 100 | 100
RRADUOL | SMKA ARAU 100 | 100 | 698 | 106 | £00 | 100 | 100 | 100 | 100 | 100 | 106 | 100
RRAGIOZ | SMKA (P) ALAWIYALL 100 oo | orao | voe | 100 | 100 | tes | o0 | roo | 1eo | 100 | ros
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A4.2 — List of Schools Causing Infeasibility in the Computation of the
Malmguist Index

CODE SCHOOL

KEAQ068 SMK PARIT PANIANG

KEAQ070 SEKOLAH MODEL KHAS BALING
KEA1002 SMK LUBOK BUNTAR

KEA2095 SMK LANGGAR

KEA6014 SMK AYER HANGAT

KEAGO16 SMK KEDAWANG

KEAA0091 | SMK TOKAT

KEAA184 | SMK TOBIAR

KEB2095 SMK SULTANAH ASMA.
KEB20% KOLEJ SULTAN ABDUL HAMID
KEB5027 SMK SULTAN BADLISHAH
KRAS001 SMEK AGAMA YAN

PEA2082 SMK MAK MANDIN

PEA4002 gMK VALDOR

PEB0042 SMK TINGGI BUKIT MERTAJAM
PRAT001 SMKA(L) AL-MASHOOR
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A4.3 - Statistical Tests for Section 4.2

1. Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the
differences in the efficiency scores of different models (i.e. HRS, VRS, and

CRS).

a. Differences between the HRS and VRS models in 2005

Null Hypothesis

U R R Related o i e
" The median of diferences hetween Samples oo d e
‘ Wilcoxon -~ G
- HRS2005 and VRS2005 equals 0. gigned Ranks .

Test:: &

Asymptotic significances are displayed. The significance level is .05,

Reted
1 %{almples' s
1 o Coale o rvilcoxon® .
! HRS2005 and CRS2005 equals 0. gondiones
FEEIETI . L. T S o '-TESt ST . L

Azymptotic significances are displayed, The significance level i 05,

¢. Differences between the HRS and VRS models in 2006

 Test . si

Nl Hypothesi

¢ The median of differences hetwesn  Samples - |

- HRS2006 and VRS2006 equals 0. ggggéﬂgéﬁkg_].j

.............. - Jloped

Asymptotic significances are displayed. Tha significance level is .05

d. Differences between the HRS and CRS models in 2006

s e T pafatade

. The median of differences between ke :

t: - SRR S \Wileaxan o o000
s B R R SR -1 S

Asymptotic significances are displayed. The significance level is .05
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e. Differences between the HRS and VRS models in 2007

Nuil Hypﬂthl.éms

 Relaed

1 The redian of diffsrences hatween. EE?;ELE&-
- HR52007 and VRE52007 squals 0. ‘Signed R

anks
S Testid

Azymptotic significances are displayrd, The significancs level is 05

f.  Differences between the HRS and CRS models in 2007

o Remse
' The median:of differences betwesn Samples o o :
a G : D © Wilcoxon S

+-HRS2007 and CRE2007 equals 0., gigne Ranks: . Lo

Agymptotic significances are displayed. The significance level is 05

g. Differences between the HRS and VRS models in 2008

Null Hypothesis .
s e ) Related oo
- The riedian of differences betwean %F}g?ﬂgﬁﬁfﬁf
HRS2008 and VRS2008 squals 0. Sigﬁed Bapks

R R et

Asymptotic significances are displayed. The significance level is .05

h. Differences between the HRS and CRS models in 2008

Related--
Samples. . e
Wilvoxon i or o

Signed Ranks = ©

Asymiptetic significances are displayed. The significance level is .05



Ad.4 — Statistical Tests for Section 4.3

L.

2.

Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance by

Ranks
S Sar'n Ies S
s The dlstnbatmns Df HRSESGS . Friedman's..
'l HRS2006, HRS2007 and HRSEDDS Two-\ay
Lare tha samie. o “Analysis of .
Sy o R '---E'.%’aﬂancebf
Ranks:

Asymptatic significances are displayed. The significance level is .05

Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the

differences in the efficiency scores of different years.

2. Differences between the efﬁc;ency scores in 2005 and 2006

' ”Null Hypnthﬁ' S

. -...:Related—

R : SA0R, ‘Sam las RS Retam the .
. Ti‘re medlan nf dlﬁeren»:es hetwepn F _ IR
Test

: :'Sigm Qeﬁlﬁmn f-:

Asymptotic significances are displayed. The significance level is 05

3. Differences between the efficiency scores in 2005 and 2007

Decision -

HRS2005 and HF?SZEIE.‘J# equais 0. 5?5 -null

B R :TESt

5 The madian. of dlﬁerences bntwee . :5 e Retam the -

ZS'|gnPd Raﬁks '_; hypnthems';'

Asymptotic significances are displayed. The signiﬁcance lewal is 05,

4, Difterences between the efﬁcnency scores in 2005 and 2008

,._uli _ypnthaSis

' Relaled

= The med;an ﬂf d|ﬁerenrea bptween uamplas o . Retain the
1 ~Wileoxon A28 null
HRSZGHn ang HF&SEGUB equalsﬂ “Signed Ranks hypothesis.
'TPSt : Y oo

Decision: .

Asymptatic significances are displayed. The significance level is .05
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3.

5. Differences between the efficiency scores in 2006 and 2007

- Tes

Null Hypothesis ~

LT e Refated: R
) T A ST e Samplesc s T E Retain the &
¢ Tha median.of differences hetween amp i Z I s
1 fiey - Wilcoxen:- - E0F- pull o
HRSEDGB _3Ud-HRSEDU?j aq“.ﬁ's D':: Signed Ranks < - hypothesis.

Sig.  Decision

Asymptotic significances are displayed. The significance level is 05,

6. Differences between the efficiency scores in 2006 and 2008

1

The median of differences hetween 25
: T : i CoWilgorans o OB
HRSEDDEEM HR-.S-E_QDB_ Equalsf_ﬁ_-_-_ Higned Fanks =
R e e

Asymptotic significances are displayed. The significance level is 05,

7. Differences between the efficiency scores in 2007 and 2008

CAmr e R T Rafatad it
Sl e g
oo Themedian of differences between AMPIEs..
'g A . = ! --'WIIEQXDF’I'.','.
HRS2007 and HRSJ008 equals 0. gignad Ranks

Asymptotic significances are displayed. The significancs level is 05

Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance by
Ranks to examine the differences in the distribution of the Malmquist index in

three different period

Jecision

Nuli Hypothesis est

Sig.

....... o Eela't:ed{é:5:'::'-:;3:é:-_ S
o Samples o
1 The distributions of MID, W07 and%fw“}g;s o

¢ MO8 are the same. - " - Analysis of =
Lo AT Vandnoa by
Ranks

Asymptaotic significances are displayed. The significance level is .05,
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4.

Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the

differences in the Malmaquist indexes of different periods

Differcnces between the Malmquist indexes in 2005- 2006 and 2006 2007

ﬂu[! Hyputhesxs :
. ' = Related- ';_Z:':j-;' ':j:”f_
: Samples B NI Retaln thi:
| T ssian S0 e i
co Wb ant WLV equals Y. - Blgnpd Ranks G hypmhesls
e R ik e _15--555_5'_ e

Asymptotic significances are displayed. The significance level is 16,

b. leferences between the Malmquist indexes in 2005-2006 and 2007 2008

Nul[ Hyp nthesrs

' Related-

The miedian of dlﬁHI‘EHCFS between ﬁ?gl'rgﬁsn SR T
MIDE and MIUB equa[s 0.0 Slgned Rani&% PRI b

Asyrmptotic significances ars displayed, The signiﬁmnﬂe level is 05

c. Differences be‘{ween the Malmquist indexes m 2006-2007 and 2007 2008

; :f'-:ngsgi .

Relatssd

Samples :
SMiloawon o e o

Slgnﬁd R‘aﬂks R
Test

The med[an rJf dlﬁ‘erence& hetween
MIC!? and MIDB equals D :

Agympdatic significances are displayed. The slgmﬁcance level iz .05,
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A4.5 - Statistical Tests for Section 4.4

1.

2.

Hypothesis test summary for the Kruskal-Wallis Test to examine the
differences in the distributions of efficiency scores across school type.

O SR ST ST |ndgpeﬂdgnp“: L

4 The distribution’ of HRS2005 is the

~. same across. categories of Typel s SRR
S e e Wl lig Test

Samples
Kruskal--: wr

5 The distribution of HRS2006 s the
7. same across categoriss of Type.

Independent-
Hamplas
Kruskal-
YWallis Test

same.across categories of Type.

i :::: |ndependent- _. :
5 The distribution of HRS2007 is the

Bamples s 000
Krusical- : :-‘_m

~Wallis Test

4 The distribution of HRE2008 is the
- same across calagories of Type.

Independent-

Samﬁles an:

Kruskal-
Wallis Test

Asymptotic sigrificances are displayed. The significance level is 05

Hypothesis test summary for the Mann-Whitney U Test to examine the

pairwise differences in the distribution of efficiency scores:
a. Across national and fully residential school type.

Null Hypothesis

The distribution of HRS2005 is the . Sa
safne across categories of Type:

j§7 The distribution of HRS2006 is the Samples

Independent-

Flann-

" same across categories of Typa. Whitnay U

Tast

045

* Decision

o Independent
The distribution of HRS2007 is.the . camples

Mannei o

Test .

 same across categories of Type. - it () 013

independant-

4 The distibution of HRS2008 is the  5MPIes

Fann-

- game across categories of Type. Whitney U

Test

Q08

Asymptotic sipnificances are displayed. The significanca level is .05
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b. Across national and religious school type.

. Tes

T S ENRENRE S _ . |hﬁépéRdéﬁF 5

The distribution of HRS2005 is the %if;‘lg'_"fs R

. same acloss categories of Type. Whiiﬁé}g Lo
B O R S e

independent-

;- The distribution of HRS200B is the poIes
same across categories of Type. ‘Whitney U

Test

PRI T RIS ndependent-
“The distribution of HRS2007 is the gﬁm?'esv 3
:sarne across categories of Type. W’T'Tfi"t':;é?: U
LT Whitney

indepzndent-

o . : Samples
: The distribution of HRE2005 is the Manlﬁ-

41: same across categories of Type. Whitrey U

Test

Asymptotic significances are displayed. The significance level is .05

c. Across fully residential and religious school type.

iR L LU :Tﬁdaﬁéndéht:-.'-': il "ﬂ. -
¢ The distribution of HRE200G is the’ Sameles - Retain the -

same acioss categories of Typs. e |0l
e R Whiney U

Independent-

2 The distribution of HRS2006 is the  RamPI®S B1E
T osame goross categories of Type. \Whitney U :

Test

Retain the
riil|
hypothesis.

S e e lndependent L Lo
The distribution of HRS2007 is the - DAMPles -0 Relain the -
same across categories of Type. Wi?iléey U Ty pothesis
T Test e

[ndepandsnt-

.35 ikt o Samples Retain the
¢ The distribution of HRS2008 is tha anme 245 mull

. same across categories of Typs. Whitrsey U : hyputhesis
: Test

Asymptatic significances are displayed. The significance tewsl is 05,
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3.

Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance
by Ranks to examine the differences in the distribution of efficiency scores in
different years of:

a. national schoel type

1 The distributions of HRS0S, HRSUB,
i HRE07 and HRE08 are the same. |

_ NullHypothesis

" Related

- Analysig of @00
Variance by -

Samples
Friedman's: 0.0
Tevo-Way -

Hanlks

Asymptetic significances are displayed.

The significance leved ts .04,

b. fully residential school type

HRS(07 and HRS08 are the same. -

U Relateds
S s e e Damples e i e

1 The distributions of HRSD5, HRS0S, CHEAmans - .-

CAnalysis of

Decision: .

.. Retain the:
R = LA L
coohiypothesis,
Variance by &
Ranks: 000

Two-VWay

Agympistic signficances are displaysd.

¢. religious school type

The significance level is .05,

_ Test  Sig.  Decision

_ Null Hypothesis

HRSD}.’: a’r}d’ :HRSQS a:’é_th{a’ g_?.am_e:._

______._5;_-_;I_f;’:'ﬁaﬁ'ii?ifﬁﬂ---'*-3'
The distibutione of HRE0S, HRE0E, - TwoWay
2 Analysis of o0
ConecNarange by :

oo Ranks: e P S R

RS I V]| SRR
i Chypathesis:

Asymptotic significances are displayed.

The significance level is .05,
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Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the
differences in the distribution of cfficiency scores of the national school type
in different years

(1) Between 2005 and 2006

ull Hypothesis _
N > : £ RelatEdJ:: R P

. : . ‘Bamples. o i _ o Rétain_ ﬁhe. '
-4_The median of differsnces between Wileaxon: o onas

-.1 e
; 'jHRSG andHQC‘{}S aquals D o Signed Ranks S hypothesis:
Han e ~Test = _j-

Asymipietic significances gre displayed. The significance level is .05,
(i1) Between 2005 and 2007

Null Hyputhesss Tgst

Sig. ".ﬁ.éi:isiq.n 3

'r_g;g-f:-;;':r-: 3”35.:_1-:_:-: Related

L Tha rmadine of e e et Samp]as E L Retam the

“The median of dlﬁprenc»as hetwe»an T .

1 o0 Wileoxon o 0 BRT nulle
HRSDE and HRSD? Fquaisi} 0 Signed. Ranks so S hypothesis,

S Tast

Asymptotic significances are displayed. The significance level is 05

(iit)  Between 2005 and 2008

o R&Iatwdf- o FE .

' CSamples o FZetam thn'-
1 Themedian of dffonces botwean EES | Ren e
7 kol and fkslo equals Lo S|gnnd RankS e h;r.pnt_l183|3.i_

Asymptotic significances are displayed. The significance levet is 05

(iv)  Between 2006 and 2007

Decision -

. I _ ' Rel'atpd—.':” IR o 3
The medlan of differences hptween aﬁmgﬁi e :19? fjﬁa”_" tbe :
: HRSDE and HRSD? equals D Sugned Ranks ~ hypothesis.

Asymptotic significances are displayed. The significance level is .05

(v)  Between 2006 and 2008
Nu" Hypntheals ng[ —

Retated-
Samples
WWilcoxon
Signed Ranks

Test

1' The median of differances between
" HRS0G and HES08 equals 0.

Asymptotic significances are displayed. The significance level is 05
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(vi)  Between 2007 and 2008

Test ig. . Decision -

| Related:
" The median of di e bl Samples
s The median of differenzes between o
! HRS07 and [1RS08 equals 0. glglﬁgéﬁganks"
P : s Test s e

Asymptotic significances are displayed. The =significance level is 05,

Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance
by Ranks to examine the differences in the distribution of the Malmgquist index

in three different period

a. National School type

‘Relatad:
S R v ggm §es' _
! The distributions.of MIOB, MIG? and e S
1 Tweo-'Way
MIDB are thp SAME: = o  Analysis of

ORI HEA b SRS .Vanam:ei‘z_‘g
“Rankes

Asymptatic significances are displayed. The significance lavel is 05

b. Fuily Remdentml School Type

ecision.

wo Relateds s
S Samples T
o Frisdman’s 5
- Twn-Way

S Retam the’-z
- 85:1 B[V [

Miog arn the same. U Analysis of h}fpﬂthns@:
o . o Vanance b}r e ;: :
: REI]’]""S I T S

Asymptotic significances are displayed. The significance level is 05,

c. Religious School Type

CATEER R RO . Ralated-
e R Egm les e Z h:'
: riedman’s. . - Retain the
1 ?‘;qt]gadgs[t;ﬂtaﬁélgg?n%f MIUS_ MIU? and’, Two-Way~ 0140 null .
o Amalysis of - hypothesis,
' Variance by '
Fanks=

Beymptatic significances are displayed. The significance level is .05,
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6.

Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the
differences in the distribution of the Malmquist index of the national school

type:

a. Between 2005/2006 2006/2007

Mull Hlﬂmthesls Test . Sig. - Decision
. ¥ ':':_ Related S
Sampl_es S R Retain the = -
1 'giggmpdcﬁsqlggd;ﬁerelncgs betwee.r.u Wilcowon - S 3Rl
an quals . b|g|1ed Ranks R o hypothesxs.

. Test:

Asymptatic significances are displayed. The significance lsvel is .05,

b. Between 2005/2006-2007/2008

1 ThF- medlan of dlﬁerences between
MIGB aﬁd MIDS nquals D :

Rfﬂlated
-Samples
- Wilcoxon

“Test -

- Signed, Ranks |

Asymptatic significances are displayed. The significance level is .05,

¢. Between 2006/2007-2007/2008

Decision”

- ﬂu[[ Hypnthems

?he median of dlﬁfprfﬁnr:ps hetween
M%ﬁ? end MEUB equals IJ :

F«Eelatsd
Samg%es

SWileoxan o

Slgnx&cé Rarﬂm
o Test

ﬁsymptz}tn mgmfmamaa are dlsplayed The ssgmftance level is .05,
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7. Hypothesis test summary for the Kruskal-Wallis Test to examine the

differences in the distribution of the Malmquist index across the different

school types
a Tesi | ff?' - Si‘.tj'l‘? . Decision -
1"1i_,-.The distribution of MICE is thp same SamFles e Ejﬁ%_'ﬂi_h'?-
o across categmles onype i “Rruskal oo TR hvbothesi
i : 2 Wallis Test TR 1¥pd ESIS
Independent- .
. The distribution of MIO7 is the same  Samples 943 Eﬁﬁam the
=0 acrass categeries of Type. Kruskal- : hvbothesi
: Wallis Test ypathesis.
4 ihe dlStflbthlGI‘l af MIOB i sthe__g_ame: Sam[ales S g Efltla'n the..
._:_aarass categoﬂes any;:ae o Kiuskalco o :
. RN : L WHIHSTESS: LRI :_‘iypﬂ TESE.

Asymptetic significances are displayed.

The significance lewvel is .05
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A4.6 - Statistical Tests for Section 4.5

1.

Hypothesis test summary for the Kruskal-Wallis Test to examine the
differences in the distribution of efficiency scores across Kedah, Penang, and

Perlis.

R S NIRRT f;lﬂdEpEﬂd&ﬂF_;f-;_-;
- The distribution of HRE05 is the . . Samples- 007
“+ same across categories of State. . Kruskal- = 00
L R allis Testo

e Independent-
5 The distribution of HRS06 s the  Samples
© same across categories of State,  Kruskal-
Wallis Test

A90 0 null

Retain the

hypothasis.

5 The distiibution of HRSO7 is the = Sam
2 samm acrose categories of State:” Kius

© Independent- 0
fag v
@k
~ o Wallis Tast 70

3800 Al

L Retain the -

* hyputhesis.,

o (ndependant-
4 The distribution of HRS0R s tha  Samples
7 mame across categores of State.  Kruskal-

. Wallis Test

210

Asymptatic significances are displayed. The significance leval iz 05,

Hypothesis test summary for the Mann-Whitney U Test to examine the
pairwise differences in the distribution of efficiency scores:

a. Between Kedah and Penang

Test

S e e IndEpEﬂdE‘l?t- . S TR

The distribution of HRSOS is the ~ Samples © .~ . Retainthe -

i e f Giata AN e Al

1 5aMe 3Cross categm_lgs.afﬁiaie_._ Whitney U7 Uhypothesis:

o o et

Independent- _

- The distribution of HRSOB is the ~ Samples Retain the
2 same across categories of Stats Mann- 734 null .

& -ategons S hitney U hypaothesis,

Asymptotic significances are displayed. The significance level is .05,
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b. Between Kedah and Periis

 Hull Hypothesis - Test

S T lndepencéent—
- The distribution of HRS0S is the -~ SaMPles

- same acrass categories of State. %ﬂ?ﬁ{ey oo

i Testin

Independent-

. The distribution of HRS08 is the  oamPples
A S-S fann-

T mame acrass categories of State. Whitney U
: Test

Asymptatic significances are displayed. The significance level is .05,

c. Between Penang and Perlis

S5 independent:

The distribution of HRSOS is the %a.mplagi S
S \ ) S Mannss e :

:ame E;PFC’ESFEW_’H‘?F'-'?S-D_f-S_t_aie;-_'-Whitney Lo s

ST R

Independent-

- The distribution of HRSOS is the ~ C2mPIes
2' same across categaries of State, 14ann
- R © Whitney U

Test

Asymptotic significances are displaysd. The significancs level is .05

Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance
by Ranks to examine the differences in the distribution of efficiency scores in

different years of:

a. schools in Kedah

Null Hypothesis

T H‘Elatﬁd"
cesron el Bamplas i

- The distributions of HRS05; HRS0G,.. 1.¢ P o ke
1 eons Mahiit S Twe-Way e 189
HRSD?and HRSDB :"’_‘r?-t.h_-e SAME. " " Analysisof . Tiypothasis:
S o ST eAanance by T
Fanks '

" Decision:

e :.'Rei_ain t:hei :

Asymptotic significances are displaysd. The significance level is .05,
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b. scheols in Penang

_ NullHypothesis ~~  ~~ Test . Sig.  Decision

. Related: 0o

 The distributions of HRS0S, HRS0B, . THEdmans, .. . . Xetainthe,

+ R ! i S Two-Way 0 BTE ol

B HR.SU.?E a“_‘j_HR__Sﬂ_B-?‘E_ the same: . Analysis of -0 0 hypothesis!

L T aranee By
Ranks. oo . S

Asymptotic significances are displayed, The significance |evet is (5.

c. schools in Perlis
i. 0.05 level of significant

: R.Elaf_ed-_::.::. =
T e L e jésam ES; IR
The distributions of HRS05, HRS0B, [leqmans

U Hatain the

1 : . R R -:2333”-%“ .
e HﬁS@?andHF&SGB _a.re_t.hnza :s_ar:*n.e__:: S Analysis of 0 s hypathesis.

YWariance by
Ranks:.

Asymptetic significances are displayed. The significance level is 05,

ii.  0.10 level of significant

LT Relateds
e I LR DN R Eam leg oo
'+ The distibutions of HRS0S, HRS0G, HIEqmans ..o
1 oo~ - - ’ © Two-Way oo 083

FRSIDY and HSD 3 he'same. | agycidor

SO Maranee byt

Asymptatic significances are displayed. The significance level is 10

Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the
differences in the distribution of efficiency scores of schools in Perlis in
different years

 Test  Sig.  Decision

Sl Relateds o PR s T
Samples: - "~ Retain the
T Wikeoxon A0 null

o oBigned Ranks - hypothesis.
et

' The madian of differancas hetween
. HRE0A and HRS0G equals 0.

Agymptotic significances are displayad, The significance level is 10,
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(viii) Between 2005 and 2007

' ":, Hull Hyp uth esis osig. UEEISInn :

Related-" .~ & A 5
Samples: e 00T F{etam thp
' R Ty MR =

: q - S|gned Ranks L hypn::thesus,
o : TeRt e

Agymptotic significances are displayed. The significance lewst iz 1

(ix)  Between 2005 and 2008

""" Sar’nples L0 e Retain the
The medlan of dxﬁerenees hetween
Wilcoxon: - _j : ,»_48 nulk
HRSDE and HRSDS equals 0. S|gned Ranks <oR hypothesis,
o Tests R P N S NS

Azymptotic significances are displayed. The significance level is 10,

(x})  Between 2006 and 2007

""?.Null Hypothesm o Test DE.{:ISIDI'I'.:;'
8 SRR . REEQ{EEd‘ ':: - .f
Samples oo Rptam the
" H%?S’Sé’ d'HS ﬂ%da'fé?e”“? bﬁt""e?” e ks P e,
an equals ' Slgﬁed Ranks SRR hypethesm.

Asymptatic significances are displayed. The significance level is 10,

(xi)  Between 2006 and 2008

: Samples
= Wileoxon: S 02800
; S|gned Ra;’;ks ZZ R
Test B

1 'E'he medlan of dlﬁerences hetwnen.
it HRSDE anr,{ HRSGS equals D

Asymptotic significances are displayed. The mgmz‘ieanee level is 10

(xii) Between 2007 and 2008

Nuli H¥pﬁih€£8!5 i T&ﬁ’t : Sig
: . Related-- T
1 The median of {iiﬁﬁfaﬁgve §3atween gﬁ{?g:&sﬁ'
- HRS07 and HRE0E Fquais Do Signed Ranks
o . Tast

Azyriiptotic significances arez displayed. The significance level is 10,

235



Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance
by Ranks to examine the differences in the distribution of the Malmquist index

in three different period

a. Kedah

" Decision

MIDB are thn same.-

'”Relatéd—i' .

The d|str|but|c|ns af MIUB MIUT dl"id

i Analysis Df
“- Wariance by
‘Ranks - .

: Friedman's A
Favo-Way e 0og

Asymptatic significances are displayed.

b. Penang

The significance level is 05,

o i&fiiSB are the same:. ::: o

1 The ii;stnbutmnz af Evi]iﬁlﬁ MIU«" and

R Anaigsm nf
..-Yariance by
- Ranks

C Relafed-
- Sam ias' i

Frigdman's:
woWay

Asymptotic significances are displayed.

c. Perlis

Tha significance level is 05,

The dlsiﬂ%}uiians E!f I‘v‘lIDE MEU? and
MI{JB are the same. S

“ Analysis. of
: Vanance bg
“Ranks.:

- Frie mans_f'- : Retam the
Two-Way ?56 -nuif- :
Typothesis.

Asymptotic significances are displayed. The significance level is 10,
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6.  Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the
differences in the distribution of the Malmquist index of schools in

a. Kedah
i.  Between 2005/2006-2006/2007

Decision

Related-

UL . Samples o o Féétéih the
" The median uf dlﬁemnces i:letween B B _

1 Wileaxon o ABE S null

MIGB and MID? equalsﬁ . Signed Ranks hypothesm

: Test oo s

Asymptotic significances are displayed. The significance levsl is .05,

ii.  Between 2005/2006-2007/2008

F'Eélated.

o RO, NI Samplevg
The rnedlan c:fdlff&lenr:es beiween

1 iy Wilcoxon ©
MlDB El"ld MIDB PqUEl|S D R _ulgned Rani»cs

Asymptotic significances are displayed. The significance level is .05,

iii. Between 2006/2007-2007/2008

Hullﬂyputhesls

Related-... R
Samples .

1 Thp medlaﬁ of dlﬁelences bptwperT - Wilcoxon

I%«'II[].Ir and MIUB equals [] -

Agymptotic significances are dlsplayed Tha mgmfuﬁ,anw tevel is 05.
b. Penang

I Between 2005/2006 2006/2007

Null Hypulhesm e | Slg .[']:e;:iéi_q_ﬂiﬁi-_.
- ' Related- ' -
: Samples 0 o0 Retamthe -
1 ;;]gangg;ﬁg,g;d;ﬁifj,g“gs between WHEoY e
_ 4 ST Slgned Ranks g h?;zathe_sls.-

Asymptotic significances are displayed. The signiﬁcance level is .05,
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il. Between 2005/2006-2007/2008

Nulf Hypothesis

“Decisien:

7 ?&fllﬁﬁ and MIBB equzia D

1 Thw medtarf efe:iffemenfes I;JF‘tWPi:ﬁ

Re[ated—
© Samples

Wilcoxan

i Bigned R
o Test

anke

00

Asymptotic significances ars displayed. The significance level is .05,

iii.  Between 2006/2007-2007/2008

Decision

MID? and MIDB equals Cl

1-' Thr—* madlan Elf d|ﬁerenres bpt_wnen

Samples

Related-

Wilcexon o

. Signed R_anlv;s

~Test

Asymptotic significances are displayed. The significance level is .0,

Hypothesis test summary for the Kruskal-Wallis Test to examine the
differences in the distribution of the Malmquist index across the different

school types in three different periods.

HypotheSIS Test Summary

'.;Nuu Hypothesns -Te'jjs'tj-_; : -':_'S'ig‘.f - Decision -
1 The distribution of MI06 is the same :-Samples ijtg_a:n the -
_-across categones of State C Kruskals * hvpothesis.
el R < Wallis Test NYPOInesis.
Independent- .
The distribution of Mi07 is the same Samples E&tiam the
across categories of State. Kruskal- .
Wallis Test hypothesis.
s L . "Ezlndependent-
3 The dtsinbutlon of iVIiOB is. the same - Samples; _' : e ,}?&E‘am the
ey _across categorles of Staie 0 Kruskale " hypothesis
: : -Waills Test YR e

Asymptotic significances are displayed.

The significance level is .05.
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A4.7 - Statistical Tests for Section 4.6

1. Hypothesis test summary for the Mann-Whitney Test to examine the
differences in the distribution of efficiency scores between urban and rural
locations.

NallHypothesis  Test

Decision

- same across categories of
- Lozation: 7

et
he distribution of HRS0S is the .

Samples
Mann-. .

Whitney U
Test 0

" Retain the -
null
- hypathesis.

<2 The distribution of HRS06 is the
. same across categories of

" Location.

Indepgndent-
Hamples
Mann-
Whitney U
Test

Retadin the
null

hypothasis,

o Lecation,

e Independent:
5 The distribution. of HRS07 s the'
-3 same across categories of -0 L

Samples;
flann:

| o mes
S Whitney W
CoTestr oo

Retain the -
coull
. gh}rpmhesis. _

' The distribution of HRS0R is the

4: game acrogs categories of

5 Locatian.

independent-
Samples
Mann-
Whitney L

508

FHetain the
aull

hypothesis,

Tast

Asymiptotic significances are displayed. The significance level is .05,
2. Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance
by Ranks to examine the differences in the distribution of efficiency scores in

different years of:

a. Urban schools

Null Hypothesis

T
1 The distributions of HRS0S, HRSOB, - LNBamans . ... - - Retainthe -
+ HRSOT and HRS0B ars the same. Two-Way: oo ..1:11.5_: E;gﬂthpsm _

Analysis of - 0 0
Co Vanance by
* Ranks

Asymptotic sigrificances are displayed. The significance favel iz .04
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b. Rural schools

_ MullHypothesis

s Relateds e
SSEm ieg;:..:-
Friedmans.
Tepn-Way =70
Analysis of o0
cocpin s S Nariance by oo

- The distributions of HRS(S, HRS0S,
. HRSEY and HRE08 are the same.

Asymptetic significances are displayed. The significance level is .10,

Hypothesis test summary for the Wilcoxon Signed Ranks Test to examine the
differences in the distribution of efficiency scores of rural schools in different

years

(xiii) Between 2005 and 2006

S RS OEE IR T L . RE|Etédé.$: s L ':7_5'5- 
The median of differences batween . %ﬁ:mgﬁi S Em ﬁj‘;amthg
. HRS05 and HRS06 equals 0.0 - Signed Ranks. 7. - hypothesis.

e Test e e

1

Asymptotic significances are displayed. The significance level is .05,

(xtv) Between 2005 and 2007

_ Null Hypothesis

" Related: "

“The median of differences hetwesn o oez, b ==
HRS05 and HRSO equals 0. Se0XR. o

oy Retainthed
R 308 N il
S hypothesig.
CuTest

Asymptotic significances are displayed. The significance level is .05,

(xv) Between 2005 and 2008

NullHypothesls o o Test : Elg = {)emsmn

o Related
CThe madian of difarenees hetween - Samples oo Retain thed
The median of diferances between  wicoyon 47 il o

- ANE Aotd BQUAIS B [ Signed Ranks . hypothesis.

1

..... BRI R o 2 .Test\:.:“..

Asymptotic significances are displayed. The significance lavel is 05,
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{(xvi) Between 2006 and 2007

e - Test G .::i'.'Sig """ l]ec{sum B
| Reatie
Barnples. = Retam thé
1 Lléesrgéadlag Efﬂdgsge?rent:esl hgtw-ei?'f'_ Wilcoxom CBFS S nulls
an equa S : Signed Ranks ;Z- R hypq:nt_he_s;_s_.
wi L TESt L P o

Agymptotic significances are displayed. The &igniﬁeanee level is .05,

(xvit) Between 2006 and 2008

: Nuii Hypnthas;s ; Tes’t By e
CReted
Samples - -
The mechan of dlﬁFrEﬁCES between
1 Wilcoxor : :
HF?:S{HS 3:1:(:! HRSDB 1-'tu§§ 5 _ ?lgned F«Eﬁnks : :_; _

Asympiotic significances are displayed. The sﬁigniﬁe::ance level is 06,

(xviii) Between 2007 and 2008

i Hull Hyputhesls

: : . Related
1 The medlan uf dlﬁ&lences hntw:ren gfﬁlrggfosn 5
HFFIU? and HF’SDS equals U S|gnad Ranks
‘Test™ S

Asymiptotic significances are dizplayed. The S|gn|ﬁcana:e igyal is 05,

Hypothesis test summary for the Friedman’s Two-Way Analysis of Variance
by Ranks to examine the differences in the distributions of the Malmquist

index in three different period for

a. urban schools

MIDB are tha same;

Null Hypothesis ' Test Sig. |
5 Samples .
1 The distributions of MG, mm? and %ﬁ@g;s

Analysis of -
“ariance hy
Ranks

Asymptotic significances are displayed. The significance level is 05,
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b. rural schools

AR T Gam IES.'_:'

Degision

e o Friedman's:
The dIStFIbUtIDI"IS mf MIDE MID? and SR
’I ; Two-Way 0 o 0
= MlDB _?“‘? the same,.. .. CAnmalysisof oo b

PRI ”5:'1: Vatiance by
L :."::.:" L : - Ranks -

Asymptotic significances are displayed. The significance level is .05
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b. rural location
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6.

Hypothesis test summary for the Mann-Whiiney U Test to examine the
differences in the distributions of the Malmquist index of schools in different

locations in three different periods, 2005-2006, 2006-2007, and 2007-2008.
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