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Abstract 
This study is focused on conceptual paper and the purpose of this study is to conduct an 
empirical investigation into the Malaysian Preschool institutions, focusing on measuring their 
technical efficiency and productivity changes. This study is to examine the nature of 
productivity changes by means of bootstrapped Malmquist TFP indices. The study use a 
Three-year set of panel data (2009–2012) for analyzing the performance of 8307 KEMAS 
Preschools classes during the implementation of the (Government Transformation Program) 
GTP 1.0. The study considered all KEMAS Preschools classes operating in the sector. The input 
and output data were manually extracted from the Malaysia’s Ministry of Rural and Regional 
Development (MRRD) and all KEMAS Preschools. Non-parametric DEA models are employed 
to estimate efficiency and productivity changes of the institutions. Thus, this study is expected 
makes significant contributions to the literature of efficiency and productivity changes in Early 
Childhood Care and education institutions. 
Keywords: Technical Efficiency, Productivity Changes, Bootstrapped Malmquist, Preschool 
Sector 
 
Introduction 
Every child is precious and children are assets to our society. They are the most valuable 
resource of the nation. Developing a nation and its people begins with early childhood 
education. While it is the duty of parents to ensure a child has the opportunities to develop, 
it is also the government's responsibility to help parents bring the potential to fruition. In 
developing a child's potential, we are in reality developing the human capital of the child and 
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of the nation. Therefore, a child has to grow holistically so that the child is equipped with 
abilities, knowledge and skills to become a productive member of the nation. Economists have 
long believed that investment in early education is a good strategy in developing human 
capital which in turn, is an important source for economic growth (School of Malaysia 
Directory, 2014). Cognitive and non-cognitive abilities are important for a productive work 
force. It is said that key workforce skills such as motivation, persistence and self-control are 
developed early. Children are the future generations who have the potential to drive the 
economy of the country as leaders, innovators, entrepreneurs, researchers and economists.  

In the last decade, Malaysian preschools have mushroomed all over the country. 
Preschools in Malaysia are so diverse due to the country’s multicultural society and individual 
needs (Dahari & Ya, 2011). Preschool act as an institution that prepares children to enter 
social and education based environment which can be considered. Preschool can also be 
considered as preparatory class before entering primary school. In Malaysia, the preschools 
usually accommodate children from early as three to six years old (Mustafa, Yunus, & Azman, 
2014).  Early Childhood Care and Education (ECCE) sector in Malaysia are divided into two age 
groups, which is 0-4 years and 4-6 years old. The first group (0-4 years), comes under the 
Ministry of Women, Family and Community Development (MWFCD) which coordinates 
national programmes on the growth and development of children. Through its Department 
of Social Welfare, MWFCD keeps a register of all childcare centres (also known as TASKA) in 
the country. Pre-school education for the second group (4-6 years) (known as KEMAS) comes 
under three ministries/agencies, i.e. the Ministry of Education, the Ministry of Rural and 
Regional Development, and the National Unity Department. The operation of KEMAS 
preschools is funded by the Ministry of Rural and Regional Development. Every child receives 
RM1.50 per day for food and RM100 per year for learning materials. An additional food 
allowance of RM150.00 per year is given to very poor families (School of Malaysia Directory, 
2014). KEMAS preschools have been using the National Preschool Curriculum since 2003 and 
emphasizes on reading, writing and arithmetic, developing individual potential, instilling 
moral values, building character and self-awareness; and developing physical, health, 
cleanliness and safety skills (Curriculum Development Centre, 2007). 

Recently Malaysian ECCE sector in Malaysia is catching much more attention. In a 
country where governance is much consolidated, such attention has given rise to more quality 
preschool classes and initiatives. Comprehensive policies have been developed and 
implemented by the government in order to ensure quality preschools for all children in 
Malaysia because children are the nation’s most valuable asset, as ‘today’s children are 
leaders of tomorrow’(Boon, 2010). The Malaysian government places a strong emphasis on 
ECCE and has formulated the National Policy for Early Childhood Education (CDC, 2007). 
Under this policy, programmes have been introduced to meet the diverse needs of the crucial 
early years of newborns till the age of six. These programmes provide a solid foundation for 
healthy growth and development which expose them to activities in nation building and 
enhance their readiness for primary school education. The government's involvement in ECCE 
is evident from its numerous initiatives to make early childhood programmes more accessible 
especially for less fortunate children and those in rural areas. Malaysian government effort 
can also be seen through the Government Transformation Programme (GTP) 1.0 (2009-2012). 
Over the three years of GTP 1.0, the Improving Student Outcomes National Key Result Area 
(EDU NKRA) aims to meet its key areas: increasing pre-school enrolment, screening primary 
students for basic numeracy and literacy skills, recognizing high-performing schools, closing 
the gap between high- and under- performing schools, and encouraging greater school 
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leadership. The EDU NKRA oversaw the opening of 2,054 new pre-school classes 2008 and 
saw enrolment creep up to 80% of pre-school aged children. It also implemented the pilot for 
a quality-gauging programme in preparation for the enhancement of the initiative in GTP 2.0 
(2013-2015) (PEMANDU, 2012). A significant amount of funds is also allocated for ECCE every 
year (SMD, 2014). Malaysia has always place great effort in ensuring education and care for 
all children. These efforts are manifested through the any sectors involving in ECCE and the 
amount of allocation given to ECCE each year. Therefore, this study aims to measure the 
performance of KEMAS preschool institutions despite the allocation of large funding into the 
ECCE sector and the implementation of GTP 1.0.  Besides, little documentation found 
regarding the empirical study as to how the KEMAS preschool institution performed after the 
implementation of GTP 1.0.  

In the literature, the Malmquist productivity index is a widely accepted tool for 
constructing a quantitative measure of changes in the efficiency and productivity in 
education. Johnes (2008), Worthington and Lee (2008), Agasisti and Johnes (2009) and 
Bradley, Johnes, and Little (2010) are among the most recent studies which have applied the 
Malmquist total factor productivity (TFP) index to this area. Caves, Christensen and Diewert 
(1982) proposed the Malmquist productivity index as a theoretical index. Färe, Grosskopf, 
Lindgren, and Ross (1992) later combined Farrell’s (1957) measurement of efficiency with the 
Caves et al. (1982) measurement of productivity to develop a new Malmquist index of 
productivity changes, demonstrating that this TFP index could be decomposed into two 
components: efficiency-change and technical-change. Subsequently, Färe, Grosskopf, 
Normis, and Zhongyang (1994) further decomposed technical efficiency change into changes 
in pure technical efficiency and scale efficiency, a development that has popularized the 
Malmquist index as an empirical index of productivity change.  

According to Simar and Wilson (1998a), the FGNZ model can be further improved in 
terms of estimating technical changes. They argue that the inaccuracies in the FGNZ model 
‘may be attributed to their confusion between unknown quantities and estimates of these 
quantities’ (p. 4). Simar and Wilson (1998a) concluded that ‘it is not meaningful to draw 
inferences from results obtained with these methods as it is otherwise impossible to know 
whether the numbers reflect real economic phenomena or merely sampling variation’ (p. 18). 
They proposed an alternative method to decompose the Malmquist index, whereby changes 
in technology were estimated from changes in the VRS, and the technical changes were in 
turn decomposed into pure technical changes and changes in scale efficiency.  

When constructing Malmquist indices, the Data Envelopment Analysis (DEA) models 
are problematic in estimating distance functions. The DEA does not allow for random errors 
and as such remains without a valid statistical basis, making it inadequate for testing the 
statistical significance of estimated distance functions, or for undertaking sensitivity analysis 
to examine their asymptotic properties. For a detailed account of this issue Simar and Wilson 
(1998b, 1999, 2000), Lovell (2000) and Coelli, Rao, O’Donnell, and Battese (2005). With 
mainstream DEA analysis, an inherent problem is that distances to the frontier are 
underestimated if the most efficient firms within the population are excluded from the 
sample. This leads to biased frontier estimation, which in turn affects the measurement of 
distances to all other units. Uncertainty is manifested in the estimated DEA-based indices so 
it is important to form the confidence intervals. 

Simar and Wilson (1998b, 2000) solved this problem using the bootstrap simulation 
method, which determines the statistical properties of the non-parametric estimators in a 
multi-input and multi-output context. In this way one can express the DEA efficiency scores 
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within confidence intervals. The bootstrap technique was subsequently applied to estimate 
confidence intervals for the Malmquist indices (Simar & Wilson, 1999) but its applications 
were in the areas not related to higher education. For example, inter alia Gilbert and Wilson 
(1998) and Wheelock and Wilson (1999) employed this technique in the banking industry; 
Assaf (2011), Galdeano-Gómez (2008) and Balcombe, Davidova, and Latruffe (2008) for 
airlines, marketing and farming, respectively.  

For the first time this study employs the Simar and Wilson (1998a) approach in the 
Early Childhood Care and Education (ECCE) to measure the Malmquist TFP index and its 
components, via. Changes in pure technical efficiency, changes in scale efficiency, pure 
changes in technology and changes in the scale of technology. This approach allows us to 
provide a more comprehensive and robust analysis of productivity and technical changes 
within Malaysian Preschool. We also employ the bootstrap simulation method (Simar & 
Wilson 1998b, 2000) to determine whether the computed changes in productivity are 
statistically significant or not.  
 
Objectives of the Study 
The main aim of this study is to conduct an empirical investigation into the Malaysian 
Preschool institutions, focusing on measuring their technical efficiency and productivity 
changes. Furthermore, this study aims to address the following four questions: 
 
1. What is the mean efficiency score of KEMAS Preschool in Malaysia?  
The aim of this research question is to analyse the efficiency of Malaysian KEMAS Preschool 
Classes by calculating their efficiency scores. More specifically, this will determinate whether 
Preschools in Malaysia are efficient. 
 
2. What is the total factor productivity (TFP) change in Malaysia’s Preschools 
institutions?  
This question examines the nature of productivity changes by means of bootstrapped 
Malmquist TFP indices. In other words, this aspect of the current study will use bootstrapped 
Malmquist TFP index to measure productivity change and to decompose change in 
productivity into efficiency change and technical change over the period 2009–2012. There 
are two main reasons why the bootstrapped Malmquist TFP index has been employed in this 
study. First, these methods can analyse the productivity changes under the assumption of 
variable returns to scale (VRS) compared to the popular Malmquist indices, which assume 
constant returns to scale (CRS) conditions. Second, the bootstrapped Malmquist index 
enables the decomposition of technical changes into changes of pure technology (frontier 
shifts), and changes in the scale of technology (changes in the shape of frontier). The 
traditional Malmquist index, on the other hand, is unable to analyse these changes in the 
shape of the technology frontier. 
 
3. Has the implementation of the GTP 1.0 led to an improvement in efficiency and 
productivity growth of the Malaysian Eraly Childhood Care and Education sector? 

This study investigates the effect of current government policies, specifically the 2009-
2012 GTP 1.0, on changes in technical efficiency and productivity growth.  
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Literature Review 
The literature on the efficiency of education institutions using non-parametric approaches 
has expanded rapidly during the last few decades. The focus of the literature has been mainly 
on efficiency disparities among universities. A large number of these studies have been 
predominantly undertaken in developed countries (e.g. Tomkins & Green, 1988; Beasley, 
1990; Johnes & Johnes, 1993; Kao, 1994; Sinuany-Stern, Mehrez, & Barboy, 1994; Beasley, 
1995; Johnes & Johnes, 1995; Athanassapoulos & Shale, 1997; Madden & Savage, 1997; 
Sarrico, Hogan, Dyson, & Athanassopoulos, 1997; Haksever & Muragishi, 1998; Hanke & 
Leopoldseder, 1998; Post & Spronk, 1999; Colbert, Levary, & Shaner, 2000; Sarrico & Dyson, 
2000; Korhonen, Tainio, & Wallenius, 2001; Abbott & Doucouliagos, 2003; Warning, 2004; 
Carrington, Coelli, & Rao, 2005; Emrouznejad & Thanassoulis, 2005; Joumady & Ris, 2005; 
Johnes, 2006a; Johnes, 2006b; McMillan, & Chan, 2006; Tauer, Fried, & Fry, 2007; Tajnikar & 
Debevec, 2008; Abbott & Doucouliagos, 2009; Johnes & Schwarzenberger, 2010; Kempkes & 
Pohl, 2010). Only a few efficiency studies on universities were related to developing countries. 
For instance, Ng and Li (2000), examined the efficiency of 84 key Chinese higher education 
institutions in the post-reform period (1993–1995) using DEA. Focusing on their research 
performance, they found that performance of the institutions has on average, improved over 
time. Universities located in the eastern region have performed better than those in the 
central and western regions. In another study of developing countries, Cokgezen (2009) 
investigates the technical efficiency of faculties of economics in Turkey in 2004. His results 
indicate that overall the faculties are subject to low efficiencies with some significant 
variations. It is also found that the mean technical efficiency of the public faculties was higher 
than that of the private faculties (Cokgezen, 2009). 

However, concentrating only on efficiency estimates can provide an incomplete view 
of Preschools performance over time. It is for this reason that changes in distance functions 
could be caused by either the movement of Preschools within the input-output space 
(efficiency changes); or the progress/regress of the boundary of the production set over time 
(technological changes). There are only a few studies in the existing literature that have 
attempted to distinguish changes in efficiency, productivity and technological changes using 
the conventional Malmquist index such as Abbott and Doucouliagos (2000), Flegg, Allen, Field, 
and Thurlow (2004), Carrington et al. (2005), Johnes (2008), Worthington and Lee (2008), 
Agasisti and Johnes (2009) and Bradley et al. (2010).  

Most of these studies commonly found some productivity enhancement in different 
sectors and these changes were mainly attributed to technological changes and/or efficiency 
changes. For example, Flegg et al. (2004) examined the changes in productivity of 45 British 
universities in the period 1980–1993. Their results provided convincing evidence that positive 
productivity changes were resulted from technological changes rather than efficiency 
changes. In a comprehensive study of 35 Australian universities, Worthington and Lee (2008) 
also found a similar source and pattern in productivity growth. Agasisti and Johnes (2009) 
provided cross-country efficiency and productivity comparisons of Italian and English 
universities over a four-year period (2002–2005). They attributed the overall productivity 
progress of the British and Italian universities to technological improvements and efficiency 
growth, respectively. Bradley et al. (2010) investigated the performance of 200 educational 
institutions in the UK in the period 1999–2003. Their results indicated that the overall 
productivity growth originated mainly from both technical efficiency and technological 
changes. 
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Despite a growing volume of literature surrounding the application of the 
conventional Malmquist index in the education sector, little is documented about the 
application of the bootstrap procedure on the Malmquist estimates. To the best of our 
knowledge, only Parteka and Wolszczak-Derlacz (2011) have applied the traditional 
bootstrapped Malmquist approach to compare productivity changes of higher education 
sectors in 7 European countries across the period 2001–2005. Their bootstrap analysis 
indicates that 90% of their estimates were statistically significant. Also they find an annual 
average growth of 4% in productivity, which was as a result of positive efficiency changes in 
the sector.  

Our study is unique in the sense that the proposed bootstrap technique has not been 
utilized to measure the efficiency and productivity of preschools in a developing country. This 
was probably due to the lack of user-friendly software program. In this study we employ the 
FEAR package in R, which was introduced by Wilson (2006) to undertake our computations. 
 
Research Methodology 
We use a Three-year set of panel data (2009–2012) for analyzing the performance of 8307 
KEMAS Preschools classes during the implementation of the (Government Transformation 
Program) GTP 1.0. We considered all KEMAS Preschools classes operating in the sector. The 
input and output data were manually extracted from the Malaysia’s Ministry of Rural and 
Regional Development (MRRD) and all KEMAS Preschools. 

Non-parametric DEA models are employed to estimate efficiency and productivity 
changes of the institutions. The most important advantage of the DEA approach pertains to 
its ability to handle cases with small sample sizes as well as big sample. There are several 
studies which have possessed small sample sizes in the literature (e.g. Tomkins & Green, 1988; 
Sinuany-Stern et al., 1994; Sarafoglou & Haynes, 1996; Hanke & Leopoldseder, 1998; 
Haksever & Muragishi, 1998; Korhonen et al., 2001; Emrouznejad & Thanassoulis, 2005). 
Another advantage of this approach over parametric approaches is that we can analyze 
productivity changes while dealing with multiple inputs and outputs. 

The crucial factor that needs to be considered in using the DEA approach is the right 
selection of inputs and outputs. However, there is no consensus in the literature on how to 
best specify them in education sector (Johnes & Johnes, 1993, 1995; Avkiran, 2001). According 
to Lindsay (1982, p. 176) some characteristics of the education sector such as the ‘lack of 
profit motivation, goal diversity and uncertainty, diffuse decision making and poorly 
understood production technology’ differentiate this sector from other industries and make 
the specification of the variables even more complicated. Carrington et al. (2005) also state 
that it is difficult to accurately define the education inputs and outputs as they are diverse 
and multi-faceted.  

The inputs and outputs employed in this study are based on the production approach 
in which Preschools utilize labor and non-labor factors of production to produce various 
outputs such as teaching other educational services. This approach is most consistent with 
Worthington and Lee (2008) but also has a commonality with the work of Beasley (1990, 
1995), Johnes and Johnes (1993, 1995), Madden et al. (1997), Athanassapoulos and Shale 
(1997) and Glass, McCallion, McKillop, Rasaratnam, and Stringer (2006).  

Two inputs included in this article, are as follows: 1) KEMAS Preschool enrolments; 2) 
the number of full-time equivalent teaching staff members. We consider the total number of 
students enrolled instead of the more commonly used full-time equivalent student load, due 
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to the unavailability of the data. In terms of outputs, we considered one outputs in our DEA 
model: 1) the number of KEMAS qualifications awarded. 

There are a few points that should be noted here. First, regarding student inputs, there 
is no direct allowance for quality, and this is consistent with DEA models of previous studies 
(e.g. Athanassapoulos & Shale, 1997; Flegg & Allen, 2007; Johnes, 2008; Worthington & Lee, 
2008). Second, in this study our focus is mainly on teaching as the most important outputs 
rather than community services. This is because there is no accepted way of evaluating 
community and consultation services in the literature primarily due to data limitations and 
definitions (see Ahn, Charnes, & Cooper, 1988; Ahn, Arnold, Charnes, & Cooper, 1989; 
Carrington et al., 2005; Johnes, 2008; Worthington & Lee, 2008).  
 
Measuring the Malmquist Productivity Index 

In measuring productivity change between periods 1t  and 2t , we need to know how N firms 

produce q outputs using p inputs over T time periods. A generic firm in period 1t  employs 

input 
1t
x

 
to produce output

1t
y , and in period 2t  quantities of input and output are 

2t
x

 
and 

2t
y , respectively. The production–possibilities set at time t is then: 

( )   ,  |        tS x y x can produce y at time t=
  

     (1) 

where x is an input vector, 
nx +  and y is an output vector, 

my +  at time t. This can be 

further described in terms of its sections. For example: 

 
2 1
( ) ( , )m

t it ty x y x y S+=  
   

    (2) 

becomes the corresponding output feasibility set. Based on Shephard (1970), the output 

distance function for firm i at time 1t  is given by: 
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     (3) 
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D measures the distance from the ith firm’s position in the input-output space at time 1t  

to the boundary of the production set at time 2t , where inputs remain constant and θ is a 

scalar equal to the efficiency score. If 1t and 2t are equal, it is a measure of efficiency relative 

to technology at the same time, and 1o

it t
D  . When 1t and 2t are not equal, 

1 2

o

it t
D can be <, > or 

=1. According to Färe et al. (1992) the Malmquist index between periods 1t and 2t can be 

written as: 

1 2 2 2
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       (4) 

 

Equation (4) shows a geometric mean of the Malmquist productivity indices for 1t and 2t , 

as defined by Caves et al. (1982). That is, if 1M  , total factor productivity change between 

periods 1t and 2t  is positive; if 1M  , the total factor productivity is negative; if 1M =  there 

is no change in productivity. 
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However, Simar and Wilson (1999) argued that as the production possibility set tS  is 

unknown, all defined distances are therefore unobservable. Hence, there is a need for the 
estimation of the Malmquist productivity index and the corresponding distance functions. To 

do so, we should estimate the production set,
tS , and the output feasibility set, ( )y x . 

Burgess and Wilson (1995) expressed the estimated production set as:  
 

 ( , ) ,  ,  1 1,  m n N

t t tS x y y Y x X   +

+ +=    =       (5) 

 

where  1 2, ,...,t t t NtY y y y= , ity denotes the ( 1)m  vector of observed outputs, 

 1 2, ,...,t t t NtX x x x=
 
and itx  denotes the ( 1)n  vector of observed inputs, and 1 and   are a 

vector of one and an intensity variable, respectively. Hence, the corresponding output 
feasibility sets can be expressed as: 

 ( ) ,  ,  c m N

t t ty x y y Y x X  + +=             (6) 

and, 

 ( ) ,  ,  1 1,  v m N

t t ty x y y Y x X   + +=    =        (7) 

Substituting ( )c

ty x  and ( )v

ty x  for ( )ty x  in Equation 2 yields the estimated distance functions 

by solving the following linear programs: 
 
·  
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where ·
1 2

oc

it t
D  incorporates an assumption of CRS and 

1 2

ov

it t
D

 
allows for VRS. Given the 

estimates of the distance functions, the Malmquist index can be obtained by substituting the 
estimated distance function values in Equation 4: 
 

¶
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                  (10) 

 
Färe et al. (1992) decomposed this total factor productivity change into two components: 

·
·

·

{

·
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·
2 2 1 2 1 1

1 1 2 2 2 1
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V V

144444442 44444443

                  (11) 

 
where the term outside the square root sign, EffV , is an index of relative change in technical 

efficiency, and indicates how much closer (or farther away) a firm becomes to the best-
practice frontier. The index can again be >, = or < unity depending upon whether the firm 
being considered improves, plateaus or deteriorates. The second component, TechV , is the 
technical-change component, which quantifies how much the frontier shifts, and indicates 
whether the best-practice firm is improving, plateauing, or deteriorating, thus permitting a 
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comparison to the evaluated firm. Similarly it can be >, < or = unity depending on whether the 
technical change is positive, zero or negative. 

Färe et al. (1994) demonstrated that the technical-change component can be divided into 
two components: pure technical efficiency and scale efficiency: 

 

·
·

·

· ·

· ·

·

·

·

·
2 2 2 2 2 2 1 2 1 1

1 1 1 1 1 1 2 2 2 1
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where PureEffV  and ScaleV  are proxies for pure efficiency change and change in scale 

efficiency, respectively, and Eff PureEff Scale= V V V . The factor TechV  remains unchanged 

from Equation 11, yielding a measure of the change in technology. While TechV  signifies that 
the CRS frontier shifts over time, changes in pure efficiency and scale efficiency correspond 
to VRS frontiers from two different periods. 

Simar and Wilson (1998a), however, stated that if a generic firm’s position in the input-

output space remains fixed between time 1t  and 2t , and the only change that occurs is in the 

VRS estimate of technology (e.g., shift upward), then the TechV  presented in Equation 12 will 

be equal to unity, suggesting no change in technology. The TechV in Equation 12 points to a 
change in technology if the CRS estimate of the technology changes. In this context, they 
concluded that the CRS estimate of the technology is statistically inconsistent. Since the VRS 
estimator is always consistent under the Kneip, Park, and Simar (1996) assumptions, Simar 
and Wilson (1998a) propose an alternative decomposition of the Malmquist index to estimate 

changes in technology ( TechV ) by using changes in the VRS estimate: 
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                (13) 
 

where TechV is further decomposed into pure technical change – PureTechV  – and change in 

the scale of technology – ScaleTechV , and     Tech PureTech ScaleTech= V V V . Furthermore, 
PureTechV  is the geometric mean of two ratios that measure the shift in the VRS frontier 

estimate relative to the firm’s position at times 1t  and 2t . When PureTechV  is greater than 

unity, it indicates an expansion in pure technology, or more specifically, an upward shift of 
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the VRS estimate of the technology. ScaleTechV  yields information concerning the shape of 
the technology by explaining the change in returns to scale of the VRS technology estimated 

at two fixed points, which are the firm’s locations at times 1t  and 2t . When ScaleTechV  is 

greater than unity, this suggests that the technology is moving farther from CRS and the shape 
of technology is becoming increasingly convex. Correspondingly, when this index is less than 
unity, it suggests that the technology is moving toward CRS; and when equal to unity implies 
no changes in the shape of the technology. 

 A similar decomposition of the Malmquist index was also proposed by Ray and Desli 
(1997), combining changes in the scale of efficiency and the scale of technology into a single 
term. Nevertheless, Simar and Wilson (1999) contend that Ray and Desli confuse changes in 
the shape of the technology and in the scale efficiency experienced by the production unit. 
Färe et al. (1997) also agrees that Ray and Desli’s alternative decomposition of Malmquist 
incorrectly measures changes in scale efficiency.  

 
Formulation of the Bootstrap 
Simar (1992) and Simar and Wilson (1998b) pioneered the use of bootstrapping in frontier 
models to obtain non-parametric envelopment estimators. The underlying idea of 
bootstrapping is to approximate a true sampling distribution by mimicking the data-
generation process. This procedure is based on constructing a pseudo-sample and re-solving 
the DEA model for each Decision Making Unit (DMU) with the new data. An iterative process 
yields an approximation of the true distribution. Simar and Wilson (1998b) demonstrate that 
consistent estimation of the confidence intervals is dependent upon consistent replication of 
the data-generation process. In other words, the most important problem of bootstrapping 
in frontier models relates to the consistent replication of the data-generation process. Since 
the distance estimation values approach unity, re-sampling directly from the original dataset 
(the so-called naive bootstrap) to construct pseudo-samples will generate an inconsistent 
bootstrap estimation of the confidence intervals. 

To overcome this problem, Simar and Wilson (1998b) proposed a smoothed bootstrap 
procedure. They used a univariate kernel estimator of the density of the original distance 
function estimates, and constructed the pseudo-data from this estimated density. To 
estimate the Malmquist indices, they used panel data in lieu of a single cross-section of data 
with the possibility of temporal correlation. Simar and Wilson (1999), in adapting the 
bootstrapping procedure for Malmquist indices, proposed a consistent method using a 
bivariate kernel density estimate via the covariance matrix of data from adjacent years. This 
process can be summarized in the following five steps: 

1. Calculating the Malmquist index ·
1 2( , )o

iM t t  for each Preschool ( 1,..., )i N=  at time ( 1t  
and 2t ) by solving the linear programming models in Equations 8 and 9 and their 

reversals. 

2. Constructing the pseudo-data set ( ) * *, ; 1,..., ; 1,2it itx y i N t= =
 
to create the reference 

bootstrap technology using the bivariate kernel density estimation and the use of the 
reflection method developed by Silverman (1986). 

3. Calculating the bootstrap estimate of the Malmquist index ·*
1 2( , )o

iM t t  for each 

university ( 1,..., )i N=  by applying the original estimators to the pseudo-sample 

attained in Step 2. 
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4. Repeating Steps 2 and 3 numerous times (for example in this study B=2000) to 
facilitate B sets of estimates for each firm.  

5. Constructing the confidence intervals for the Malmquist indices accordingly. 
 

The main issue in designing the confidence intervals of the Malmquist indices pertains to 
the distribution of ·

1 2 1 2( , ) ( , )o o
i iM t t M t t−  which is unknown and can be approximated by the 

distribution of · ·*

1 2 1 2( , ) ( , )o o

i iM t t M t t− , where 
1 2( , )o

iM t t  is the true unknown index, ·
1 2( , )o

iM t t  is the 

estimate of the Malmquist index and ·*
1 2

( , )o
iM t t  denotes the bootstrap estimate of the index. 

If the distribution of ¶
1 2 1 2

( ( , ) ( , ))
o o

i i
M t t M t t− was known, then it would be rather easy to 

calculate values a  and b  in the following interval:  

 
·

1 2 1 2Pr( ( , ) ( , ) ) 1o o

i ib M t t M t t a   −  = −       (14) 

But as the type of distribution is unknown, we use the bootstrap values to estimate 
*a  

and 
*b  with high probability by Equation (15): 

 
· ·* * *

1 2 1 2Pr( ( , ) ( , ) ) 1o o

i ib M t t M t t a   −  = −        (15) 

 
Thus, with (1 )−  percentage confidence, one can argue that the ith Malmquist index lies 

between the following intervals: 
 
· ·* *

1 2 1 2 1 2( , ) ( , ) ( , )o o o

i i iM t t a M t t M t t b +   +        (16) 

 
A Malmquist index for the ith firm is significantly different from unity (suggesting no 

productivity change) at the  % level, if the interval in Equation 16 does not include unity. 
By utilising the calculated bootstrap value in Step 4, we can also correct for any finite-

sample bias in the original estimators of the Malmquist indices with the application of the 
simple procedure outlined by Simar and Wilson (1999). The bootstrap bias estimate for the 

original estimator ·
1 2( , )o

iM t t  is given by: 

 

· · · ·1 *

1 2 1 2 1 2

1

( , ) ( , )( ) ( , )
B

o o o

B i i i

b

bias M t t B M t t b M t t−

=

  = −
         (17) 

Thus, a bias-corrected estimate of 1 2( , )o

iM t t
 can be computed as: 

 
² · · ·

· ·

1 2 1 2 1 2

1 *

1 2 1 2

1

( , ) ( , ) ( , )

               2 ( , ) ( , )( )

o o o
Bi i i

B
o o

i i

b

M t t M t t bias M t t

M t t B M t t b−

=

 = −
  

= − 

      (18)

   
This bias-corrected estimator may possess a higher mean-square error than the original 

estimator, and hence it will be less reliable (Simar and Wilson, 1999). The bias-corrected 

estimator should only be used if the sample variance (
* 2

is ) of the bootstrap values 

· *

1 2
1,...,

( , )( )o

i
b B

M t t b
=

is not greater than one-third of the squared bootstrap bias estimate for the 

original estimator: 
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· ·( )
2

* 2

1 2

1
( , )

3

o

i B ibias M t ts  
  

           (19) 

 
We have conducted this procedure by using commands malmquist.components and 

malmquist in the FEAR software program. The above methodology can easily be adapted to 
efficiency scores. Only the time-dependent structure of the data must be changed (by 

replacing 1t  and 2t  with the period considered). This procedure can be undertaken by using 

command boot.sw98 in the FEAR program. 
 

Contributions of the Study  
This study is expected makes four significant contributions to the literature of efficiency and 
productivity changes in Early Childhood Care and education institutions. First, this study is the 
first attempt to examine the issue of efficiency and productivity change by employing DEA 
and Bootstrap Malmquist TFP index on the multiple inputs and outputs of obtained from 8307 
KEMAS Preschools institutions during the period from 2009 to 2012. Second, this is the first 
study to measure the KEMAS Preschools efficiency and productivity growth in response to 
significant policy changes in the Malaysian Early education sector during 2009. The effect of 
the GTP 1.0 on the performance of Malaysian Preschools institutions over the period of 2009–
2012 in particular is investigated. Lastly, no previous study in developing countries has 
employed a bootstrapped Malmquist method under the assumption of VRS (Simar & Wilson, 
1999) to measure efficiency and productivity changes in Preschools institutions. 
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