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Introduction

Tourism has recently become a very important 
component of the economy in most nations, con-
tributing over 10% to the global GDP. In 2010, 
there were a total of 935 million international tour-
ist arrivals with tourism expenditure value 
accounted for US$1 trillion (United Nations 
Environment Programme, 2011). malaysia has 
been among the most popular destinations in the 

Southeast Asia region owing to its variety of attrac-
tions, including islands, beaches, and rainforests 
(mintel International Group l imited, 2003). h ence, 
the tourism industry is one of the key drivers of the 
national economy; it contributed around 4.7% to 
GDP in 2001 and was ranked among the third larg-
est source (after manufacturing and oil) of foreign 
exchange earnings in the country (mintel Inter-
national Group l imited, 2003). In 2010, malaysia 
attracted over 24 million visitors, and generated 
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over rm 56.5 billion of tourism receipts (Tourism 
malaysia, 2011). This dramatic expansion in the 
tourism industry has resulted in positive spill over 
effects to other industries, especially the hotel indus-
try. f or example, the number of hotels in the coun-
try has increased dramatically from around 1,404 
hotels in 1999 to more than 2,224 hotels in 2004 
(r azalli, 2008). Additionally, the industry has cre-
ated more than 450,000 jobs; of these 20% are in 
the hotel industry (Kim, 2011). The hotel industry 
in the country also plays a significant role in terms 
of its contribution to the accommodation and travel 
industry (f oo & Othman, 2011).

In this article, our aim is to analyze the efficiency 
of the malaysian hotel industry. Despite the impor-
tance of tourism and specifically the hotel industry 
in malaysia, only a few studies have examined the 
efficiency of malaysian hotels (f oo & Othman, 
2011; f oo, Othman, Ab. Karim, & Ab. Aziz, 2011; 
Kim, 2011). These studies also suffer from impor-
tant limitations. The study by f oo et al. (2011), for 
instance, used a modest sample size of only 10 
hotels. f oo and Othman (2011) also used a limited 
sample size and they selected occupancy rates 
(ranging from 0% to 100%) as an output, making it 
difficult to estimate scale efficiency and scale 
changes. Kim (2011) applied the traditional sto-
chastic frontier (Sf ) method, which did not allow 
examining the efficiency under multiple outputs 
scenario. In addition, the sample used by Kim 
(2011) covered only up to the year 2004, while more 
current data are available.

This article aims to offer several contributions 
to the existing literature. f irstly, we present for 
the first time a comprehensive analysis of the 
malaysian hotel industry, using a representative 
sample of 248 hotels, distributed across the whole 
country. Sec ondly, we offer a methodological 
contribution by applying the distance function Sf  
method. Thirdly, we use several measures to 
ensure the reliability and robustness of our find-
ings: both data envelopment analysis (DEA) and 
Sf  methods are used for comparison; bootstrap 
methods are also used to mitigate the sensitivity 
of DEA on measurement errors. f ourthly, we 
focus on the determinants of efficiency (i.e., 
 factors that drive efficiency) in the malaysian 
hotel industry. Specifically, we analyze how 
various hotel characteristics such as size and the 

availability of food and beverage operations affect 
the efficiency of malaysia hotels. We believe that 
such analysis is essential for policy impli cations 
as hotel managers are often interested in deter-
mining what factors lead to performance improve-
ment in their operations.

The remainder of the article is organized as fol-
lows. Section 2 reviews the literature and high-
lights the important gaps. Section 3 discusses in 
detail both the DEA and Sf  methods. Section 4 
elaborates on the sources of data and variable 
 selection. Section 5 presents and discusses the 
empirical findings, and Section 6 provides some 
concluding remarks.

l iterature r eview

Despite the limited number of efficiency studies 
on malaysian hotels, there is a rich literature on the 
efficiency of the hotel industry in many other coun-
tries such as the US (Anderson, f ok, & Scott, 
2000), Australia (Assaf & Agbola, 2011), Portugal 
(Barros, 2004), Korea (min, min, & Joo, 2009), 
Taiwan (h wang & Chang, 2003), India (Sanjeev, 
2007), and China (Zhou, h uang, & h su, 2008). 
According to Anderson et al. (2000), much of the 
earlier research in this area has used traditional 
methods such as ratio analysis (e.g., financial ratio) 
and aggregate indices. r ecently, more comprehen-
sive methods of efficiency measurement such as 
DEA and Sf  have become more popular (see, e.g., 
Anderson et al., 2000; Assaf, Barros, & Josiassen, 
2010; Cheng, l u, & Chung, 2010; f oo et al., 2011; 
h wang & Chang, 2003; min et al., 2009; Sanjeev, 
2007; Zhou et al., 2008). Both these methods have 
the advantage of accounting for multiple inputs and 
outputs by measuring total factor productivity 
(Tf P) instead of partial productivity, as measured 
by financial ratios.

more details on key studies using the DEA and 
Sf  methods in the hotel literature are reviewed 
below and summarized in Table 1. One of the earli-
est studies included morey and Dittman (1995) and 
Anderson et al. (2000), which both examined the 
efficiency of US hotels. The study by morey and 
Dittman (1995) predicted that if all hotels in the 
sample were fully efficient, they would save around 
$15 million in operational costs. Anderson et al. 
(2000) revealed that using an optimal combination 
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Table 1
Selected Studies on f rontier Efficiency in the h otel Industry

Studies methods Inputs–Outputs r esults

morey and 
Dittman 
(1995)

DEA outputs: room revenue, facilities satisfaction index. 
inputs: number of rooms, competitive characteristics 
(occupancy rate, daily rate, revenue per available room, 
union status), operational expenses.

The average efficiency score was 89%. 
Savings about $15 million if all hotels 
become fully efficient.

Anderson et al. 
(2000)

DEA outputs: room revenue, food and beverage revenue, other 
revenue. inputs: employees, number of rooms, 
gaming-related expenses, food and beverage expenses, 
and other expenses.

Overall efficiency score is 42%.

h wang and 
Chang (2003)

DEA outputs: room revenue, food and beverage revenue, other 
revenue. inputs: number of employees, rooms, areas, 
operational expenses.

The average efficiency score is 79%.  
International hotels are more efficient.

Barros and 
mascarenhas 
(2005)

DEA outputs: sales, number of guests, nights spent. inputs: 
labor (f TE employees) capital (asset value), numbers of 
rooms.

The average efficiency score is 86%. 

Barros (2005a) DEA 
malmquist

outputs: sales, number of guests, nights spent. inputs: 
number of employees, labor costs, asset value, 
operational cost, external cost.

Almost no technological change. main 
determinants of higher performance: 
sizes (rooms), investment, locations, 
and organization structure.

Barros (2005b) DEA outputs: sales, number of guests, nights spent. inputs: 
number of employees, labor costs, asset value, 
operational cost, external cost.

The average efficiency score is 95%.

Wang et al. 
(2006)

DEA—cost 
efficiency

outputs: room revenue, food and beverage revenue, other 
revenue. inputs: number of rooms, number of 
employees in rooms department; total floor area; 
number of employees in food & beverage department.

The average efficiency score is 62%. 
Inappropriate scale is the main source 
of inefficiency.

Köksal and 
Aksu (2007)

DEA outputs: number of customers. inputs: number of 
employees, operational expenses, service potential.

The average efficiency score is 60.9%. No 
association between efficiency and 
ownership.

Yu and l ee 
(2009)

DEA outputs: room revenue; food & beverage revenue, other 
services. inputs: employees in the room department, 
employees in the food & beverage department; number 
of rooms, total area in the food & beverage department 
(in square meters), total expenses.

The average efficiency score of the one 
stage DEA is 93.7% and the two-stage 
DEA is 50.2%.

Barros et al. 
(2009)

DEA 
directional 
distance

outputs: sales, added value. inputs: number of employ-
ees, physical capital.

The average efficiency score is 63%. 
l ittle efficiency change over the years 
- but significant technological change.

Assaf et al. 
(2010)

DEA 
metafron-
tier

outputs: room, f &B revenue, other revenue; market 
share; employees’ performance. inputs: rooms; number 
of employees in the room department, f &B division, 
and other departments. 

On average, chain hotels are significantly 
more efficient than independent hotels.

Chen et al. 
(2010)

DEA outputs: room revenue, f &B revenue, other revenue. 
inputs: rooms, number of employees, floor space.

Efficient hotels serve North America, 
Japan, and Australian tourists.

Untong et al. 
(2011)

DEA 
malmquist

output: total revenue. inputs: rooms, total assets, 
shareholder’s equity.

The average efficiency score is 76%. 
l ittle change in productivity.

Assaf and 
Agbola 
(2011)

DEA outputs: f ood revenue, beverage revenue. inputs: number 
of employees, food expenses, beverage expenses, 
number of seats.

The average efficiency score is 46%. Poor 
scale efficiency is the main contributor 
to low efficiency.

Anderson et al. 
(1999)

Sf  cost 
function

output: Total revenue. inputs: number of employees, 
rooms, game expenses, f &B expenses, other expenses.

The average efficiency score is 89%, 
ranging from 84% to 92%.

Barros (2004) Sf  cost 
function

outputs: sales, nights occupied. inputs: price of labor, 
price of capital, price of food.

The average efficiency score is 21.6%.

Chen (2007) Sf  cost 
function

output: total cost. inputs: labor, food and beverage, 
materials.

The average efficiency score is 80%. Style 
of operation affects efficiency.

Shang et al. 
(2010)

Sf  & DEA 
and 
second-
stage Tobit

outputs: room revenue; f &B revenue, other revenue. 
inputs: rooms; f &B floor area f TE employees; and 
operating expenses.

The average efficiency score is 80.3% for 
the deterministic approach and 84% for 
the stochastic approach.

Kim (2011) Sf output: real value added. inputs: labor, capital. The average annual growth rate of output 
is 7.2%. more number of rooms 
associated with higher output growth.
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of inputs and outputs is one of the most important 
tasks recommended for hotels.

min et al. (2009) used DEA to examine the effi-
ciency of 31 Korean hotels. One drawback of this 
study is that it used the location of hotels as an 
input in some models. We believe that this choice 
is arguable because location is beyond the influ-
ence of hotel managers and, hence, it is more suit-
able to be classified as an exogenous variable. 
Nevertheless, the authors found that good location 
was the main contributor of efficiency. Sanjeev 
(2007) also later tested the impact of size on the 
efficiency of hotels, using a sample of hotels in 
India. The author found that the most efficient 
hotels in the sample were either the largest or the 
smallest. h owever, it is possible that the findings 
were caused by “efficient by default,” where some 
firms automatically achieved the fully efficient sta-
tus by having no comparable structure with other 
firms in the sample.

Barros, Peypoch, and Solonandrasana (2009) 
later extended the DEA model by using a direc-
tional distance function. In particular, the authors 
applied the l uenberger productivity indicator to 
measure the efficiency changes and technological 
progress of 16 Portuguese hotels in the 1998–2004 
period. Their results showed that technical progress 
was the main source of efficiency improvement 
at Portuguese hotels. Efficiency growth, on the 
other hand, was mainly negative over the period of 
the study.

Table 1 also lists some key studies that use the 
Sf  method. The literature on Sf  is relatively 
smaller. One of the early studies include Anderson, 
f ish, Xia, and michello (1999), who applied a tran-
scendental logarithm (translog) Sf  cost function to 
examine the efficiency of 48 hotels in the US. The 
authors argued that the relatively high efficiency 
scores found in their study and those found by 
morey and Dittman (1995) were the result of a 
competitive market.

Another popular Sf  study was Barros (2004), 
which investigated the efficiency of a Portuguese 
state-owned hotel chains. The author selected a 
Cobb-Douglas cost function that incorporated three 
input prices (labor, capital, and food) and two out-
puts (sales and nights occupied). The author sug-
gested that the lack of competition in the public 
sector was the reason for low efficiency.

Kim (2011) focused on a similar issue, exam-
ining the efficiency and productivity growth of 
m alaysian hotel chains over the period 2002–
2004. The author applied a translog production 
function with on output (real value added) and 
two inputs (labor and capital). The study found 
that, on average, m alaysian hotels enjoyed a high 
output growth of 7.2% per annum with higher 
growth rate in larger hotels. Tf P growth contrib-
uted to 97.2% of the output growth. In second-
stage regressions, the author found that the most 
efficient hotels are the ones that have larger size, 
higher ratio of workers with a university degree, 
are foreign owned, use more out-source services, 
and have a higher ratio of information technol-
ogy expenditures.

methodology

In order to measure the efficiency of hotels, one 
needs to construct a frontier of best practices. This 
frontier represents the most efficient input–output 
combination, and can be used as a benchmark to 
compare the performance of all firms under inves-
tigation. There are two main methods to construct 
the frontier, namely the parametric method such as 
Sf , and the nonparametric method such as DEA. 
The two methods may produce heterogeneous 
results due to the different underlying assump- 
tions they use to calculate efficiency (Coelli, r ao, 
O’Donnell, & Battese, 2005). h owever, we plan to 
make their difference smaller by mitigating the 
limitations of both methods. Our aim is to validate 
and consolidate the findings.

The Sf  method involves the use of statistical 
methods and the knowledge of production function 
to estimate the frontier. The advantage of this 
method is that it takes into account random noise 
and measurement errors, which are common in 
most datasets. There are many choices of functional 
forms when using the Sf  method but the most com-
mon choices are Cobb-Douglas and translog func-
tional form. We use the translog functional form in 
this article as it has more flexible substitution and 
transformation pattern than the Cobb-Douglas 
functional form, which restricts the elasticity of 
substitution to unity (Christensen, Jorgenson, & 
l au, 1973).
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One disadvantage of the SF method is that it can 
only handle one output. To mitigate this issue, we 
use a distance function SF method and exploit the 
linear homogeneity in output property of the trans-
log production function. In particular, using the 
 linear homogeneity property, we can choose arbi-
trarily, one output as a numeraire and, hence, can 
convert the SF distance function to the standard SF 
model (for more details, see Stochastic Frontier 
subsection below). Finally, in order to analyze the 
determinants of efficiency, we apply the technical 
inefficiency effect model by Battese and Coelli 
(1995). The main advantage of this model is that it 
can avoid the violation of the independent assump-
tion in the standard second-stage regression approach 
to measure the effects of technical efficiency.

The DEA method uses mathematical program-
ming techniques to construct the frontier. The main 
advantage of this method is that it does not require 
assumptions on functional form or the behavioral 
assumptions such as cost minimization and profit 
maximization. However, its main disadvantage is 
that it does not account for any measurement errors 
or random noise. To mitigate this issue we use a 
bootstrap procedure proposed by Simar and Wilson 
(1998). In addition, we employ the double boot-
strap procedure by Simar and Wilson (2007) in the 
second-stage truncated regression to analyze the 
determinants of efficiency.

We provide in the next two subsections more 
details about the DEA and SF methods. We start 
with the DEA and then we move to the SF method.

Data Envelopment Analysis

Farrell (1957) pioneered the use of distance func-
tion proposed by Shephard (1953) and Malmquist 
(1953) for efficiency measurement. A distance 
function measures the distance from an actual 
observation to the technological frontier in an 
input–output space. To define the distance function 
one must first define the production technology, 
which is the set of all feasible input–output combi-
nations. Based on the notations described in Coelli 
et al. (2005), we define x ∈ RK

+ as a vector of inputs, 
y ∈ RM

+ as a vector of outputs, and the production 
technology T as:

T = {(x, y): x can produce y} (1)

Using these notations, an output distance func-
tion (DO) is defined as:1

D x y Max x y TO ( , ) , ( , )= ≥ ∈{ }
ϕ

ϕ ϕ1 (2)

The calculation of the technical efficiency (TE) 
for any ith firm requires the solving of a linear pro-
gramming problem to measure the distance from its 
input–output structure to the frontier:

  DO{xi, yi} = Max{φ|Y λ ≥ yi, xi ≥ X λ

λ ≥ 0, φ ≥ 1} i = 1, 2, . . . N (3)

where φ is a scalar, λ is a vector of constants, X and 
Y are matrices of inputs and outputs of all firms 
under investigation, respectively, xi and yi are vec-
tors of inputs and outputs, respectively, of the ith 
firm. The TE score is defined as 1/φ, which varies 
from 0 to 1.

For a variable returns to scale assumption, an 
additional constraint Σλ = 1 is applied to (3).

Bootstrap DEA Estimates. As mentioned previ-
ously, one drawback of the DEA method is that it 
does not take into account the presence of random 
noise or measurement errors; hence, a bootstrap 
procedure is needed to mitigate this issue. Boot-
strapping techniques, pioneered by Efron (1979) 
and Efron and Tibshirani (1993), have been used 
quite extensively to perform sensitivity analysis on 
the DEA estimates. In essence, bootstrapping is a 
statistical resampling technique designed to pro-
duce robust inferences. As the most important factor 
determining the usefulness of bootstrapping is the 
data-generating process (DGP), this study follows 
the DGP proposed by Simar and Wilson (1998) 
because of its ability to reflect our knowledge about 
the frontier and the DEA method. The DGP pro-
posed by Simar and Wilson includes four steps:

1.  Conduct DEA and transform the input and out-
put vectors using the efficiency scores estimated
so that all data points are efficient.

2.  Resample the efficiency scores for each hotel from 
the smoothed distribution of estimated efficiency
scores, using the kernel smoothing method.

3.  Generate pseudodata using the resampled effi-
ciency scores and the transformed input–output 
vectors.
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4.  Estimate the efficiency scores for each set of
pseudodata using DEA.

The process from steps 2 to 4 is repeated 1,000
times, according to the suggestion of h all (1986). 
f rom the efficiency scores estimated by this boot-
strap process, one can produce standard deviations 
and bias-corrected efficiency scores.2

Second-Stage Regression Bootstrap. f actors or 
determinants that explain why some hotels are 
more efficient than others can be analyzed using 
several methods such as subsample, one-stage esti-
mation, and two-stage estimation (i.e., regress effi-
ciency scores against environmental variables) 
(Coelli et al., 2005). This study applies the two-
stage approach for DEA and the one-stage for Sf 3 
for sensitivity analysis.4

Before conducting the second-stage analysis, it 
is necessary to discuss some issues related to this 
approach. Tobit regressions, where fully efficient 
scored are censored, have been applied widely in 
second-stage analysis because a number of DEA 
efficiency scores are equal to 1. h owever, a monte 
Carlo experiment by Simar and Wilson (2007, p. 
48) showed that estimates from truncated regres-
sions, where fully efficient scores are truncated,
were fairly close to the truth, while results obtained
from Tobit regressions were, according to the
authors, “catastrophic.”5

Another concern with the second-stage approach 
is the interdependency of efficiency estimates (i.e., 
changing the position of one firm in the frontier can 
cause changes in the efficiency estimates for other 
firms) and, hence, the standard regression approach 
is irrelevant. This issue can be mitigated using the 
bootstrap method to construct estimates from a 
pseudopopulation. There are a few studies in the 
literature, particularly Xue and h arker (1999), 
h irschberg and l loyd (2002), Casu and molyneux 
(2003), and Simar and Wilson (2007), that have 
applied this approach. The bootstrap procedure in 
the first three studies applied a DGP proposed by 
Xue and h arker (1999), which considered that ran-
dom noise has a normal distribution.

We have employed a simulation experiment 
based on the DGP introduced by Simar and Wilson 
(2007), which is more relevant to the nature of effi-
ciency scores (i.e., bounded between 0 and 1).

 Stochastic Frontier

The distance function can be used to calculate 
the efficiency of malaysian hotels using the Sf  
method (f uentes, Grifell-Tatje, & Perelman, 2001). 
Generally, a translog output distance function for 
the ith firm (DOi) with K inputs and M outputs is 
specified as:

ln ln .
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 ii N=1 2, ,..., (4)

The parameters in equation (4) satisfy the sym-
metry assumption (e.g., αmn = αnm, m,n = 1,2, . . . M; 
and βkl = βkl, k,l = 1,2, . . . ,K) and the assumption of 
homogeneity of degree one in outputs (i.e., 
ΣM

m=1αm = 1; ΣM
n=1αmn = 0, m = 1,2, . . . , M; ΣM

m=1αmk = 0, 
k = 1,2, . . . , K).

The application of the Sf  method to distance 
functions is conducted by introducing a random 
error to equation (4) above. In addition, the homo-
geneity of degree one in output property of the 
translog functional form allows us to transform 
equation (4) into the standard Sf  format. r ecall 
that a function of homogeneity of degree ω is pre-
sented as:

DO (x, ωy) = ωDO (x, y) for all ω > 0 (5)

Thus, if we choose one output arbitrarily (e.g., 
the mth output) as the numeraire and replace ω = 1/
ym, this will result in:

DO(x, y/ym) = DO(x, y)/ym (6)

r epresenting the right-hand side of the translog 
output distance function as shown in equation (4) 
by a brief format of TL(x,y), we have:

ln(DO/ym) = TL(x, y/ym)
or

−ln(ym) = TL(x, y/ym) − ln(DO) (7)
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With the introduction of the random error vi and 
assigning the inefficiency component ui = DOi, we 
can transform the translog output-oriented distance 
function into the treatable format for Sf as:

−ln(ym) = TL(x, y/ym) + vi − ui (8)

for the Sf method in this study we employ a dis-
tance function approach, which does not require 
economic behavior assumptions such as profit 
maximization; hence, it can be used to validate the 
robustness of the DEA results.

finally, in order to analyze the determinants of 
efficiency, we use the approach by Battese and 
Coelli (1995) where the inefficiency component 
is assumed to follow the truncated normal distri-
bution N(mi, δu

2), and mi = ziσ, where zi is the vec-
tor of determinants that affects the efficiency of 
firm i.

Data

The dataset of this study was collected from the 
Department of Statistics malaysia. The original 
data include information on hotel size (micro, 
small, medium, and large) and various measures of 
inputs and outputs. These data are cross-sectional 
data of hotels based on various regions of the coun-
try and were collected via the malaysian economic 
census 2007 on accommodation services. Two 
hotels were excluded for incomplete data and, 
hence, the final dataset includes 248 hotels.

Applying the standard microeconomic theory of 
a production function, we seletec three main pro-
duction factors: labor, capital, and materials. The 
labor input variable is represented by the number of 
full-time equivalent (fTE) employees. fTE is the 
number of labor, adjusted for their types of employ-
ment. for example, a hotel with 10 full-time and 20 
half-time staff should have 20 (10 + 20 × 0.5) full-
time equivalent staff. Compared to another choice 
for the labor variable such as labor costs, fTE is not 
affected by the differences in wage rates among 
hotels in the sample.

The capital input was represented by the number 
of rooms while other operational expenses (exclud-
ing labor) were selected to represent the material 
input. regarding the choice of outputs, two popular 
aggregate outputs that measure value added in the 

hotel industry were selected, namely total revenue 
and gross profits.

As indicated above, another aim in this study 
was to analyze the determinants of efficiency of 
malaysian hotels. These variables are neither 
inputs nor outputs but help explain the sources of 
efficiency variation between hotels in our sample. 
In line with previous studies, the following factors 
or determinants were selected: size of hotel oper-
ations (large, medium, small, and micro) and 
the availability of foodservice operations. large 
hotels were expected to be more efficient than 
small hotels because they can exploit economies 
of scale. It is also expected that hotels with food 
and beverage operations are more efficient since 
they can exploit both economies of scale and 
economies of scope. They are also able to attract 
additional types of customers such as those not 
visiting the hotel just for accommodation. Table 2 
provides descriptive statistics of all variables used 
in the model.

The descriptive statistics reveal that hotels with 
the largest revenue (i.e., large hotels) account for 
around 40% of total hotels in our sample, while 
medium, small, and micro hotels have equal contri-
butions of 20%. most hotels with no food and bev-
erage services are concentrated in the small and 
micro types.

results and Discussions

Data Envelopment Analysis

The findings from the DEA estimates and effects 
of the bootstrapping procedure are presented in 
Table 3. The results show that, on average, the 
technical efficiency under constant returns to scale 
(CrS) and variable returns to scale (VrS) are 0.62 
and 0.66, respectively. In other words, hotels under 
investigation can increase their outputs by 38%, on 
average, of which 34% can be improved by learn-
ing from the best practice hotels, and 4% can be 
improved by choosing the optimal production 
scale. however, these estimates did not take into 
account the possibility of random noise and mea-
surement errors. After applying the bootstrap pro-
cedure by Simar and Wilson (1998) the average 
efficiency scores under CrS and VrS are 0.56 and 
0.59, respectively. This means random noise can 
contribute up to 6% of the efficiency measurement.
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The efficiency estimates by DEA, after control-
ling for random noise, may still have a limited dis-
crimination power since DEA does not take into 
account differences in the operating environment 
of firms. Particularly, the initial results may be 
“unfair” for some hotels as they are compared 
against hotels with much larger size. After control-
ling for the determinants of efficiency (i.e., size, 
availability of foodservice operations), the average 
technical efficiency scores of firms increased to 
83%. It can also be seen that due to the presence of 
random noise or measurement errors, none of the 
hotels achieved the fully efficient status (100%) in 
the bias-corrected DEA.

Table 4 shows the second-stage truncated regres-
sion between the determinants discussed in Section 
4 and the bias-corrected efficiency scores of the 
hotels studied. The results confirm that large and 

medium hotels are significantly more efficient than 
micro hotels. In particular, large hotels are 23% 
more efficient than micro hotels and 7% more effi-
cient than medium hotels. Also, there is no signifi-
cant difference between the performance of small 
and micro hotels examined in this study. Surpris-
ingly, hotels with no food or beverage services are 
significantly more efficient.

Stochastic Frontier Analysis

Table 5 shows the coefficient estimates of the 
stochastic frontier model in equation (4). Before 
conducting the translog Sf estimates, mean correc-
tion for all inputs and outputs was performed, and 
hence the coefficients can be conveniently inter-
preted as elasticity at means. In addition, the reve-
nue output is selected arbitrarily as a numeraire in 
this study, and hence, the remaining variable is 
converted to a profit ratio (profit/revenue), which 
represents the profit generated from one unit of rev-
enue. Among the three main inputs, materials con-
tribute most significantly to the improvement of 
revenue with 1% increase in material expense lead-
ing to 0.7% increase in output. Capital is the next 
important input with the elasticity of 0.3, followed 
by labor with 0.1. The parameter of the gross profit/
revenue ratio is also as expected. hotels that earn 
higher profit per one unit of revenue have signifi-
cantly higher revenue.

Our Sf estimates show that, on average, 
malaysian hotels are 83% efficient. Compared with 

Table 2
Descriptive Statistics

Variables N mean Std. min max

outputs
 revenue (mYr)a 248 11,900,000 25,700,000 10,800 290,000,000
 Gross profit (mYr) 248 6,805,041 14,500,000 1,855 160,000,000
inputs
 labor (fTE employees) 248 133.36 193.89  2.00 1,551.00

Operational expenses (mYr) 148 11,000,000 25,100,000 6,470 280,000,000
 Capital (number of rooms) 248 165.00 159.31 14.00 635.00
hotel characteristics
 large hotels (%) 100 0.40 0.49 0.00 1.00
 medium hotels (%) 49 0.20 0.40 0.00 1.00
 Small hotels (%) 49 0.20 0.40 0.00 1.00
 micro hotels (%) 50 0.20 0.40 0.00 1.00

No food & beverages (%) 94 0.38 0.49 0.00 1.00

amYr, malaysian ringgit.

Table 3
Technical Efficiency and Effects of measurement Error

Technical Efficiency Scores mean Std min max

CrS-TE (initial estimates) 0.62 0.17 0.20 1.00
VrS-TE (initial estimates) 0.66 0.19 0.21 1.00
CrS-TE (bias-corrected estimates) 0.56 0.14 0.18 0.93
VrS-TE (bias-corrected estimates) 0.59 0.15 0.19 0.91

Bias-corrected efficiency scores are calculated using the 
bootstrap procedure proposed by Simar and Wilson (1998). 
CrS-TE, technical efficiency under constant returns to 
scale; VrS-TE, technical efficiency score under variable re-
turns to scale.
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a recent Malaysian study by Kim (2011), which 
disclosed an average technical efficiency score of 
41%, there are two main reasons for our findings. 
Firstly, this study uses four inputs while Kim 
(2011) used only two inputs. In the translog func-
tional form, this small difference results in more  
parameters to be estimated. Secondly, the technical 
efficiency scores reported in Kim (2011) were pro-
duced by the error component model while this 

study used the technical efficiency effect model. In 
other words, our technical efficiency scores were 
already adjusted for the determinants of efficiency 
discussed above (size of hotel operations, the avail-
ability of foodservice operations) while Kim (2011) 
controlled for the determinants of efficiency in a 
second-stage regression.

The impact of size on efficiency in the SF con-
text is consistent with the DEA results. We found 
that large and medium hotels are significantly more 
efficient than micro hotels. However, in contrast 
with DEA finding, the SF results suggest that hotels 
that offer no food and beverage services are signifi-
cantly more efficient than other hotels.

Concluding Remarks

This article analyzed the efficiency of Malaysian 
hotels using for the first time a comprehensive sam-
ple of 248 hotels in Malaysia. The results were vali-
dated using both the DEA and SF methods. The 
influence of measurement errors in the DEA case 
was controlled by employing the bootstrap proce-
dure by Simar and Wilson (1998). The bootstrap 
procedure by Simar and Wilson (2007) was also 
applied in the second-stage regression to avoid the 
violation of the independent assumption. Finally, 
the property of a distance function was exploited, 
which allows applying the SF method for a multi-
ple output setting.

Before accounting for the determinants of effi-
ciency, our DEA results revealed that the hotels 
under study are 66% efficient and that larger hotels 
are more efficient. After we account for the deter-
minants of efficiency, the average efficiency 
increased to 83%, which is relatively higher than a 

Table 4
Determinants of Efficiency (Truncated Regression)

Parameters Coefficient
Bootstrapped 

SEa z-Ratio p-Value

Large hotels 0.23* 0.03  8.00 0.00
Medium hotels 0.07* 0.03  2.45 0.01
Small hotels 0.03* 0.03  1.20 0.23
No food or beverage 0.26* 0.03 10.27 0.00
Constant 0.39* 0.03 15.07 0.00

a1,000 repetitions were used in the bootstrap procedure.
*Significant at the 1% level.

Table 5
Parameters of the Translog SF Distance Function

Variables Coef. SE t-Ratio p-Value

Constant 0.03** 0.07 0.41 0.68
lnL 0.10** 0.03 3.49 0.00
lnM 0.70** 0.03 21.27 0.00
lnK 0.32** 0.04 7.64 0.00
lnP 0.53** 0.06 8.30 0.00
(lnL)2 0.02** 0.02 0.83 0.41
lnL × lnK 0.01** 0.02 0.46 0.65
lnL × lnM 0.05** 0.03 1.48 0.14
lnL × lnP −0.02** 0.03 −0.63 0.53
(lnM)2 −0.12** 0.06 −2.00 0.05
lnM × lnK 0.14** 0.13 1.11 0.27
lnM × lnP −0.24** 0.07 −3.59 0.00
(lnK)2 −0.16** 0.27 −0.62 0.54
lnK × lnP 0.43** 0.14 2.96 0.00
(lnP)2 0.58** 0.19 3.08 0.00
Large hotels 0.21** 0.08 2.49 0.01
Medium hotels 0.37** 0.11 3.38 0.00
Small hotels −0.03** 0.06 −0.51 0.61
No food or beverage −0.03** 0.03 −0.79 0.43
δ2 0.07** 0.01 5.23 0.00
λ 2.77** 0.06 50.17 0.00

Log likelihood: 90.23, N = 248. Test for the presence of ef-
ficiency: χ2(1) = 8.94, p = 0.00. Micro hotels are selected as 
the reference. Total revenue is selected arbitrarily as a nu-
meraire. L, labor, M, materials (proxied by operational ex-
penses), K, capital (proxied by number of rooms), P, profit 
ratio.
Significant levels: *5% level, **1% level.
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recent estimate for the malaysian hotel industry by 
Kim (2011). The main issue that could have con-
tributed to this difference is the fact that a more 
comprehensive set of inputs and outputs was used 
in this study. Our technical efficiency estimates 
were also adjusted for differences in hotel charac-
teristics (e.g., hotel size and the availability of 
foodservice operations).

The results of this study have important implica-
tions for policy formulation and implementation. 
f or the hotel industry, the results indicate that more 
can be achieved in the hotel industry in terms of 
technical efficiency. The results suggest that the 
malaysian hotel industry is operating below the 
optimal level by about 17% (100% minus the aver-
age technical efficiency score of 83%). This sug-
gests that efforts must be made to increase technical 
efficiency among malaysian hotels. The results 
also revealed that the most inefficient hotels in 
malaysia are the large hotels. This means that poli-
cies implemented by various governments at the 
state and federal level in malaysia may aim at 
assisting small and medium-sized hotels. f or 
example, simple and quick procedures to entry, 
exit, and mergers in the hotel industry could assist 
inefficient small hotels to exit the industry or to 
upgrade into a more competitive scale.

The results also disclosed that hotels without a 
food and beverage operation demonstrate higher 
performance than hotels with a food and beverage 
operation. h owever, the finding was not validated 
with the Sf  method. When further investigating our 
sample, it was clear that most food and beverage 
operations in our sample were located in small and 
medium hotels. Therefore, it is possible that the 
finding is due to the inability of small hotels, which 
usually serve budget customers, to compete with 
the prices offered by external restaurants. These 
hotels are also less likely to sustain external shocks 
in the restaurant industry. This analysis is less 
likely to happen at larger hotels where customers 
normally face less budget constraints than those 
who choose to stay in smaller hotels.

To sum up, the results suggest that in bench-
marking hotels in malaysia, it is important to ensure 
that hotels of similar characteristics are compared, 
as it has been found that there are stark differences 
among hotels, such as small and large hotels or 
hotels with or without food and beverage services. 

To improve the efficiency of the hotel industry, the 
malaysian government could explore the option of 
providing sufficient funds to small and medium 
hotels in order to invest in technologies and prac-
tices that would help improve overall performance. 
Other important areas for consideration are the 
managerial and employee skills, as these have been 
found to be important in impacting on the effi-
ciency of hotels. The malaysian hotel industry 
should encourage the training of the managers and 
employees of small and medium-sized hotels, either 
through the formal education system or through the 
use of workshops and seminars, with the aim of 
improving the efficiency of these hotels. While this 
may be costly to small and medium-sized hotels, 
the importance of the improved skills of managers 
and employees means that this is an important step 
to take to ensure that malaysian hotels continue to 
maintain their competitiveness in the ever-chang-
ing global hotel industry.

There are a few limitations that remain in this 
article. measurement of quality differences has not 
been taken into account due to data constraint. In 
addition, if panel data are available in the future one 
can develop this study further to measure growth in 
technical efficiency and technological progress.

Notes
1The input distance functions are defined analogously. f or 

more detailed discussions about distance functions, see for 
example, Coelli et al. (2005).

2Denote that: biases = B, the means of the bootstrap tech-
nical efficiency scores = TEhat, the original technical effi-
ciency scores = TE, and the corrected technical efficiency 
scores = TE*. The biases are defined as B = TEhat − TE, there-
fore TE* = TE − B = 2 × TE − TEhat.  f or more details, see 
Simar and Wilson (1998, p. 51).

3This approach is also referred to in the literature as the 
technical efficiency effect model.

4These are the most common methods adopted in the lit-
erature (Coelli et al., 2005).

5Tobit regressions sensor the latent variable while truncated 
regressions suggest we observed nothing outside the range of 
the limited variable. r egarding to technical efficiency scores, 
Tobit regressions assume a fully efficient firm is genuine 
while truncated regressions follow the rationale that we don’t 
know the true efficiency scores of a firm (i.e., estimated tech-
nical efficiency scores are only proximity of the true score).
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