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This article estimates the change in managerial efficiency and
management technology of a sample of hotels in Chiang Mai,
Thailand, during 2002–2006. The study applies the data envelop-
ment analysis (DEA) methodology proposed by Banker et al (1984)
to examine managerial efficiency in 2002 and 2006. The Malmquist
productivity approach developed by Färe et al (1992) is employed to
evaluate the change in managerial efficiency and management
technology over the same period. The results show that medium-
sized and small hotels tend to be more managerially efficient than
large hotels. The total factor productivity declined slightly owing to
a lack of investment in management technology. Instead, the hotels
in the sample concentrated on improving managerial effort. This
shortfall in technology investment could hamper productivity in the
longer term.

Keywords: hotel management; hotel technology; data envelopment
analysis; Malmquist productivity approach; Thailand

Chiang Mai, located in the north of Thailand, is one of the major tourist cities
in the country due to the richness of its resources in terms of history, culture,
tradition, lifestyle, nature and infrastructure. In 2006, approximately 5.29
million visitors travelled to Chiang Mai (being the third destination in Thailand
after Bangkok and Pattaya, and the most popular destination in the northern

This paper is part of the ‘Thailand Tourism: From Policy to Grassroots’ project (Prof Dr Mingsarn
Kaosa-ard), which is supported by the Thailand Research Fund (TRF) under TRF Research-Team
Promotion Grant (TRF Senior Research Scholar).
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region). Tourism generated nearly 40,000 million Baht (about US$1,055
million), 52% of which came from international tourists and 48% from
domestic tourists (Tourism Authority of Thailand [TAT], 2008).

The majority of hotels in Chiang Mai are 3-star or less, which can be
explained by the fact that over the past 20 years the hotel and tourism
infrastructure in Chiang Mai has developed to meet the needs of mainly two
tourist segments, backpacker and domestic lower- to middle-income tourists
(Mingsarn et al, 2005). Hence, hotel competitive strategy was based on low
prices (following TAT, 54.55% of hotels in Chiang Mai charged a rate below
US$26/night in 2006), rather than improving the quality of their services
(Mingsarn and Akarapong, 2005).

However, in recent years, the northern region of Thailand, and Chiang Mai
in particular, has been experiencing remarkable changes from both tourism
supply and demand. There has been a continuous effort to increase the amount
of tourism attractions (Chiang Mai Zoo, Chiang Mai Night Safari and the Royal
Flora Exhibition) and an increasing demand of middle/high-end markets in this
region. These have encouraged the growth of tourist arrivals and attracted
investment in tourism facilities offering higher-quality standards.

Table 1 presents a summary of the main changes experienced by Chiang Mai
hotels during the past decade. The number of establishments increased from
199 hotels in 2002 to 341 hotels in 2006, while rooms grew by around 39.76%.
Interestingly, this increase in accommodation supply has not harmed the
business indicators of the companies; in fact, revenue per room rose by 140.70%,
the occupancy rate increased from 48.15% in 2002 to 53.56% in 2006, while
the average daily rate (ADR) and revenue per available room (RevPar) shot up
by 54.83% and 72.22%, respectively.

In Chiang Mai, the last decade has been characterized by the development
of three new types of establishments with regards to the composition of
accommodation capacity. First, there are small boutique hotels, which have
unique architecture and services (Nobles and Thompson, 2001). The small size
of this kind of establishment implies that they can be built quickly and do not
require much investment. At the beginning of 2009, Chiang Mai had more than
15 hotel establishments of this type, attracting both domestic and foreign
tourists.

Second, several 5-star hotels have been built by both domestic and foreign
investors. In 2007 Chiang Mai had five 5-star hotels, adding up to approxi-
mately 510 rooms – Four Seasons Chiang Mai, Mandarin Oriential Dhara Dhevi
Chiang Mai, Sofitel Riverside Chiang Mai, The Chedi Chiang Mai and D2
Chiang Mai (Vorapong, 2007) – and during 2008–2009 four more 5-star hotels
opened with 169 rooms. In 2010, the Shangri-la Hotel and Spa Chiang Mai
(281 rooms) and Le Meridian Chiang Mai (384 rooms) were opened. So, in 2010
Chiang Mai had eleven 5-star hotels, with a total of 1,344 rooms.

Finally, service apartments have also grown in Chiang Mai during the last
decade. This type of accommodation provides similar services as hotels and
focuses mainly on long-stay tourists.

All the above quantitative and qualitative changes in Chiang Mai’s accom-
modation supply, together with the different shocks that have affected tourism
in the region and the emergence of new destinations in the South Asian area,
lead to a remarkable toughening in the competitive environment for hotel
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Table 1. Basic information on hotels in Chiang Mai between 2002 and 2006.

Item 2002 2006 Change (%)

Number of hotels 199 341 71.36
Number of guest rooms 13,466 18,820 39.76
Number of tourist stays in hotels (million) 1.91 2.76 44.55
Domestic 0.93 1.40 50.99
International 0.98 1.36 38.47

Accommodation expensesa (US$/person/day) 14.34 17.48 21.89
Domestic 13.73 14.67 6.91
International 14.98 20.44 36.42

Average length of stay (day/person) 1.73 2.72 57.23
Room sale revenueb (US$ million) 47.6 114.7 140.70
Occupancy rate (%) 48.15 53.56 11.24
Average daily rate (ADR) (US$/room) 20.13 31.17 54.83
Revenue per available room (RevPar) (US$/room) 9.69 16.70 72.22

Notes: aExchange rate in 2002 = 43.00 and 2006 = 37.93 Baht/US$; badjusted with general consumer
price index of Chiang Mai (2002 as base year).
Source: TAT (2002 and 2006).

establishments. In a globalized and highly technological market, competitive
pressure must be countered by improvements in productivity and quality
(Barros, 2006). In order to achieve advances in the former strategy, hotels must
improve managerial efficiency or operational efficiency, or both. Hotels with
higher efficiency will have higher competitiveness (Anderson et al, 1999; Hwang
and Chang, 2003).

In this context, this article assesses the change in both the managerial
efficiency and management technology of a sample of hotels in Chiang Mai.
The study applies Banker et al (1984) data environment analysis (DEA) and the
Malmquist productivity approach proposed by Färe et al (1992) to measure the
managerial efficiency of 43 hotels in 2002 and 2006, and to estimate the change
in both managerial efficiency and management technology of 43 hotels during
2002 and 2006.

The results of the study are used to assess the competitive potential of these
hotels across various characteristics. Policy makers and private companies might
use the results to identify the weaknesses of current business patterns and to
formulate appropriate guidelines to enhance the short- and long-run
competitiveness of various hotel groups under present and future market
conditions.

Literature review

The analysis of hotel efficiency is restricted to a small number of studies (Barros,
2005b). This may be due to limitation of the data available, as well as to
difficulties in defining the output and input variables of a hotel. There are
different methodologies used to measure hotel efficiency. Baker and Riley
(1994) suggested the use of ratios to analyse the performance of the lodging
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industry, while Wijeysinghe (1993) recommended the application of break-even
analysis to appraise tourism management effectiveness. Other studies put
forward the use of yield management for analysing hotel management efficiency
(Brotherton and Mooney, 1992; Donaghy et al, 1995).

Data envelopment analysis (DEA) was first used by Morey and Dittman
(1995) to study the managerial efficiency of hotels. This technique is suitable
as it enables a comparative study of managerial efficiency at firm level and
provides useful economic information; for example, the way in which each firm
uses resources to maximize output.

The stochastic frontier approach (SFA) has also been used to study hotel
managerial efficiency (Anderson et al, 1999). The main limitation of this
methodology is in determining the appropriate functional forms (Akarapong,
2004; Barros and Athanassiou, 2004; Barros and Dieke, 2008). Moreover, cost
function is often used instead of production function because it is easier to
obtain cost function variables for the hotel industry. These shortcomings explain
why DEA is normally preferred for hotel managerial efficiency studies.

If the DEA technique is applied, it is not necessary to determine which
economic model or functional form should be used. However, one common
problem of studies that use DEA, and this paper is no exception, is the
specification of the business operation’s input and output variables. Input
variables used in several studies of hotel managerial efficiency, such as Hwang
and Chang (2003), Barros and Mascarenhas (2005) and Bo and Liping (2004),
include: number of employees, number of guest rooms, total operating expenses,
total costs, etc. Output variables used in the literature include: total revenue,
sales, number of guests, etc (Anderson et al, 2000; Bo and Liping, 2004; Önüt
and Soner, 2006). In empirical applications, input and output variables are
determined depending on the limitations of data and the objective of each
specific study.

The Malmquist productivity approach has been developed from the DEA
technique and the Malmquist productivity index to measure productivity change
over time, which includes change in managerial efficiency, management
technology and total factor productivity (Färe et al, 1990; Hjalmarsson et al,
1992; Price and Weyman-Jones, 1996). A number of studies on hotels, such
as those by Hwang and Chang (2003), Barros and Alves (2004) and Barros
(2005a), have used this approach combined with the above technique.

There have been several studies conducted in Thailand on hotel operational
efficiency at the national, regional and provincial levels, employing either the
DEA technique (Akarapong, 2004; Pharatee, 2005) or the SFA technique, such
as the study by Mingsarn et al (2005). However, as far as these authors are
aware, there is no research that differentiates between the change in the
managerial efficiency and management technology of hotels.

Table 2 summarizes the main studies on hotel efficiency, their methodology
and the sample size that is applied.

Conceptual framework and methodology

Managerial efficiency is the proportion of total organizational resources that
contributes to productivity during the production process. A change in
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Table 2. Main studies on the efficiency frontier methods in the hotel business.

Author Methodology used Sample size

International
Morey and Dittman (1995) DEA (CRS) 54 hotels in the USA
Anderson et al (1999) SFA (error component) 48 hotels in the USA
Hwang and Chang (2003) Malmquist index 45 hotels in Taiwan
Bo and Liping (2004) DEA two-stage approach 242 hotels in California, USA
Barros and Mascarenhas (2005) DEA (VRS) (TE, AE, EE) 43 hotels in Portugal
Sigala (2004) DEA stepwise 93 hotels in the UK
Shang et al (2008) DEA (three-stage) 87 hotels in Taiwan
Barros et al (2009) DEA (Luenberger index) 15 hotels in Portugal
Song et al (2009) DEA the game cross-efficiency 23 hotels in Taiwan

Thailand
Akarapong (2004) DEA (VRS) two-stage approach 477 hotels in Northern

Thailand
Mingsarn et al (2005) SFA (TE effect model) 1,752 hotels throughout

Thailand

Note: TE = technical efficency; AE = allocative efficiency; EE = total economic efficiency.

managerial efficiency reflects the ability of businesses to compete in a market
economy (Hwang and Chang, 2003).

The assessment of relative efficiency according to the Farrell concept (1957)
is measured by comparing actual performance with efficient performance at the
frontier. The main quantitative techniques proposed in the literature for
measuring efficiency include DEA (using linear programming methods) and
SFA (based on econometrics methods) applying the error components model
(Anderson et al, 1999; Barros, 2004) and the technical efficiency effect model
(Mingsarn et al, 2005).

The DEA technique can be used under the assumption of constant returns
to scale (CRS), commonly known as the CCR model (Charnes et al, 1978), or
under the assumption of variable returns to scale (VRS), commonly called the
BCC model, which adds an additional constant variable in order to permit VRS
(Banker et al, 1984; Sohn and Moon, 2004).

There are several limitations of DEA compared with SFA: it has no error term
(hence, errors in the variables would be included in the efficiency scores), there
are no distributional assumptions for the inefficiency term, and DEA scores have
no statistical significance. Finally, DEA is sensitive to outliers (Coelli et al,
1998; Barros, 2006; Barros and Dieke, 2008). However, DEA also has some
advantages over SFA: it permits multiple inputs and outputs, does not include
a functional form that restricts the data and it does not need large data sets
(Barros and Athanassiou, 2004; Barros and Dieke, 2008). Even if both DEA
and SFA are useful for analysing efficiency, most studies choose the DEA
methodology (Coelli et al, 1998; Akarapong, 2005; Barros and Dieke, 2008).

DEA, as formulated by Banker et al (1984), and the Malmquist productivity
approach, developed by Färe et al (1992), are used in this study instead of SFA,
due to uncertainty regarding the determination of input and output variables
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for hotels, as well as in determining the appropriate economic model and
functional form to be used in evaluating change in hotel managerial efficiency.
These two techniques will be discussed briefly below.

Measurement of managerial efficiency using data envelopment analysis

Charnes et al (1978) developed a mathematical model following the concept
proposed by Farrell (1957) for measuring the efficiency of a firm. The
methodology is applied to n firms and each is regarded as a decision-making
unit, or DMU, which uses m inputs to product s outputs.

DMUo consumes the amount xio of input i (xio ≥ 0) and produces yro of output
r (yro ≥ 0). The ratio of output to input is used to measure the relative
efficiency of the DMUo, to be evaluated relative to the ratios of all firms
(DMUj ; j = 1, 2,…, n; Cooper et al, 2004).

Each DMU efficiency can be obtained by maximizing the ratio of total
weighted output over total weighted input for all units, subject to the
constraint that all such ratios of the firms in the sample, including DMUo, are
less than or equal to one. The mathematical programming problem may thus
be represented as (Cooper et al, 2004):

                 Σrμryromax ho (μ,ν) = –––––
                 Σiνixio

             Σrμryrjsubject to: ––––– ≤ 1; j = 1,...,n; and μr, νi ≥ 0; ∀ i, r (1)
             Σiνixij

where xij is the amount of input i of DMUj, yrj is the amount of output r from
DMUj, μr is the weight given to output r, νi is the weight given to input i,
n is the number of firms, s is the number of outputs and m is the number of
inputs.

One problem with this particular formulation is that it has an infinite
number of solutions: if (μ*, ν*) is optimal, (αμ*, αν*) is also optimal for
any α > 0. To avoid this limitation the constraint, 

m
Σ
i=1

iixio = 1, is imposed (Coelli
et al, 1998):

max z = 
s

Σ
r=1

μryro

subject to  
s

Σ
r=1

μryrj –  
m
Σ
i=1

νixij ≤ 0;  
m
Σ
i=1

νixio = 1 and μr, νi ≥ 0. (2)

The above model is in ‘multiplier form’ and we can formulate the problem as:

min θ – ε (
m
Σ
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si
– +  

s
Σ
r=1

sr
+)

subject to  
n
Σ
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yrjλj–sr
+ = yro r = 1,2,...,s;

and

λj, si
–, sr

+ ≥ 0 ∀ i, j, r (3)



571Managerial efficiency and management technology of Thailand’s hotels

where the s+
ro and s–

ro are slack variables. θ is the efficiency score of each DMU
with values ranging from 0 to 1 (0 ≤ 1). A value θ equal to 1 indicates a point
on the frontier; hence, the DMU is efficient according to the Farrell (1957)
definition. Thus, the performance of DMUo is efficient if θo

* = 1, sio
–* = sio

+* =
0, where the asterisk denotes optimal values, their efficiency score should be
equal to 1 and DMUo is on its frontier line. If θo

* < 1, the DMUo is inefficient;
this can be derived from xij′ = θ*xio – sio

–* and yrj′ = yro + sro
+*, where sio

–* imply
input surpluses and slacks, while sro

+* imply output shortfalls of DMUo (Hwang
and Chang, 2003).

The above version of the model, generally called the CCR model, is the
appropriate one if every DMU operates at its optimal scale of production, as
it assumes CRS. However, it is not appropriate under imperfect competition
or if the firms do not operate at their optimal scale of production. Therefore,
Banker et al (1984) proposed another model under the assumption of VRS. This
alternative model (BCC) adds a convexity constraint ( 

n
Σ
j=1

λj = 1), which essentially
ensures that an inefficient firm is only ‘benchmarked’ against DMUs of a similar
size.

In a further development of the model, the constraint 
n
Σ
j=1

λj = 1 is replaced
by  

n
Σ
j=1

λj ≤ 1, so that the values of efficiency score under non-increasing returns
to scale (NIRS) can also be derived. Finally, the model under the assumption
of VRS that is used preferably to estimate efficiency is:

min θ – ε (
m
Σ
i=1

si
– + 

s
Σ
r=1

sr
+)

subject to 
n
Σ
j=1

xijλj + si
– = θxio i = 1,2,...,m;

 
n
Σ
j=1

yrjλj – sr
+ = yro r = 1,2,...,s; and  

n
Σ
j=1

λj ≤ 1, λj, si
–, sr

+ ≥ 0 ∀ i, j, r (4)

If any firm does not operate at its optimal scale of production, the efficiency
score under the assumption of CRS (θCRS) and the efficiency score under the
assumption of VRS (θVRS) would not be equal. The ratio of θCRS/θVRS, called scale
efficiency (SE), measures the impact of scale size on the productivity of a DMU
(Thanassoulis, 2001). θCRS, θVRS and SE take values between 0 and 1 and θCRS

= θVRS × SE.

Measurement of managerial efficiency change using the Malmquist
productivity approach

The Malmquist index was first suggested by Malmquist (1953) as a quantitative
index for analysing the consumption of inputs. Färe et al (1992) combined both
the measurement of efficiency from Farrell (1957) and the measurement of
productivity from Caves et al (1982) to construct a Malmquist productivity
index using input and output data obtained from DEA. This DEA-based
Malmquist productivity index has proven itself to be a good tool for measuring
the productivity change of DMUs (Hosseinzadeh Lotfi et al, 2007). A basic
conceptual framework of its application is shown in Figure 1.

From Figure 1, Ft is the frontier line at period t and Ft+1 is the frontier line
at period t + 1 (the frontier line is the maximum amount of outputs that can
be achieved by each amount of inputs), while At(xt, yt) and At+1(xt+1, yt+1)



TOURISM ECONOMICS572

Figure 1. Measurement of managerial efficiency changes, output-oriented.
Source: Adapted from Hwang and Chang (2003).

represent input and output vectors of a DMU A at t and t + 1, respectively.
Thus, the shift in efficiency (SIE) from period t to t + 1 can be described by:

⎡BD   EG ⎤½

SIEt,t+1 = ⎢––– • ––– ⎥
⎣BC   EF ⎦

The catching-up in efficiency (CIE) from period t to t + 1, which represents
the ratio between the relative efficiency of a DMU A at t + 1 compared with
t, can be represented by:

BAt+1   EAt

CIEt,t+1 = –––– • –––
 BD   EF

Therefore, the total efficiency change (TEC) of a DMU A from t to t + 1 is:

TECt,t+1 = CIEt,t+1 × SIEt,t+1

From the above concept, Caves et al (1982) and Färe et al (1992) applied the
geometric meaning of the aforementioned distance function to measure the SIE
from period t to t + 1, which can be represented as:

⎡BD   EG ⎤½ ⎡Dt+1(xt+1, yt+1)   Dt+1(xt, yt) ⎤½

SIEt,t+1 = ⎢––– • ––– ⎥ = ⎢–––––––––– • –––––––– ⎥ . (5)
⎣BC   EF ⎦ ⎣ Dt(xt+1, yt+1)    Dt(xt, yt) ⎦
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While CIE from period t to t + 1 can be represented as:

⎡BAt+1  EAt ⎤ ⎡Dt+1(xt+1, yt+1) ⎤–1 ⎡   Dt(xt, yt) ⎤
CIEt,t+1 = ⎢–––– • ––– ⎥ = ⎢–––––––––– ⎥  = ⎢–––––––––––⎥ , (6)

⎣ BD   EF ⎦ ⎣  Dt(xt, yt) ⎦ ⎣Dt+1(xt+1, yt+1) ⎦

TEC of DMU A from period t to t + 1 can be represented as:

Dt(xt, yt) ⎡Dt+1(xt+1, yt+1)   Dt+1(xt, yt) ⎤½

TECt,t+1=CIEt,t+1×SIEt,t+1= –––––––––– • ⎢–––––––––– • –––––––– ⎥
                        Dt+1(xt+1, yt+1) ⎣ Dt(xt+1, yt+1)    Dt(xt, yt) ⎦

⎡   Dt(xt, yt)       Dt+1(xt, yt) ⎤½

= ⎢–––––––––– • –––––––––––⎥ (7)
⎣ Dt(xt+1, yt+1)   Dt+1(xt+1, yt+1) ⎦

Equation (7), which is a Malmquist productivity index, can be used as a measure
of efficiency change of DMU A from t to t + 1. Applying this equation, we
can use model (4) to estimate efficiency at period t and at period t + 1 from
the two distance functions Dt(xt, yt) and Dt+1(xt+1, yt+1).

In order to define the distance function Dt+1(xt, yt), we must use the efficient
frontier at period t + 1 as the reference set for measuring the efficiency of a
certain DMU at period t. This can be derived from the following model:

Dt+1(xt, yt) = minθ,λ θ

subject to 
n
Σ
j=1

xij
t+1λj

t+1 – θxt
io ≤ 0, i = 1,2,...,m;

 
n
Σ
j=1

yrj
t+1λj

t+1 – yt
ro ≥ 0, r = 1,2,...,s; and 

n
Σ
j=1

λj
t+1 ≤ 1; λj

t+1 ≥ 0, j = 1,2,...,n (8)

Similarly, Dt(xt+1, yt+1) can be defined using the efficient frontier at period t
as the reference set for measuring the efficiency of a certain DMU at period
t + 1:

Dt(xt+1, yt+1) = minθ,λ θ

subject to 
n
Σ
j=1

xij
t λj

t – θxt+1
io ≤ 0, i = 1,2,...,m;

 
n
Σ
j=1

yrj
t λj

t – yt+1
ro ≥ 0, r = 1,2,...,s; and 

n
Σ
j=1

λj
t ≤ 1; λj

t ≥ 0, j = 1,2,...,n (9)

Description of data

The main objective of this study is to estimate managerial efficiency and the
change in managerial efficiency and management technology of a representative
sample of hotels in Chiang Mai for the period between 2002 and 2006.

Data used in the study. The data used in this study have a panel data structure.
They were collected from the financial balance sheets of profit and loss
statements of Chiang Mai’s hotels as reported to the Department of Trade
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Table 3. General financial information on hotel samples in Chiang Mai, 2002 and 2006.

Item 2002 2006 Change (%)

Number of hotels 43 43 –
Type of business registration (%) 100 100 –
Partnership limited 23 23 –
Limited company 77 77 –

Average revenue (US$ million)a 0.65 0.74 13.48
Registered capital stocks (US$ million)a 1.42 1.68 18.19
Liability (US$ million)a 0.91 1.17 29.23
Total cost of sales (US$ million)a 0.28 0.31 11.05
Selling and administrative expenses (US$ million)a 0.22 0.26 15.51
Total assets (US$ million)a 2.58 2.20 –14.43
Shareholders’ equity (US$ million)a 1.06 1.88 76.25
Occupancy rate (%) 35.05 44.64 27.36

Note: aExchange rate in 2002 = 43.00 and 2006 = 37.93 Baht/US$ and adjusted with general consumer
price index of Chiang Mai (2002 as base year).
Source: Financial balance sheets and profit and loss statements, Department of Trade Promotion in
2002 and 2006.

Promotion (Ministry of Commerce) in 2002 and 2006. Only those hotels with
balance sheets for both years and those without deficit were selected
for the sample. The sample included 43 hotels, of which 77% were registered
as limited companies and 23% as limited partnership (see Table 3 for
details).

The empirical analysis includes five input variables. In order to capture the
capital investments of the hotels, there are three variables which measure the
physical capital: number of guest rooms (Hwang and Chang, 2003), total assets
and shareholder’s equity. The total cost of sales represents the cost of providing
the services; hence, total cost of goods sold. Finally, selling and administrative
expense is the sum of all direct and indirect selling expenses and all general
and administrative expenses of a hotel, such as advertising expense, franchise
expense, tax, interest, etc.

The output variable is the total revenue of hotels, which is used to represent
the output of the managerial process (Morey and Dittman, 1995; Anderson et
al, 1999). Regarding output, hotel production is a composite of different units
with different ratios of revenue as catering, souvenir shop, guest rooms,
restaurant and some others. Normally, 30–50% of total hotel revenue in Chiang
Mai is non-guest room revenue (Mingsarn et al, 2005).

Results of the study

The empirical analysis provided below assumes VRS and imperfect competition;
thus, each production unit may not be able to operate at its optimal scale
(Mingsarn et al, 2005). To minimize the potential problem derived from the
presence of outliers, the data have been transformed into natural logarithms.

The results are divided into two major parts. The first corresponds to the
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Table 4. Managerial efficiency of hotel samples in Chiang Mai 2002 and 2006 (%).

Item Number 2002 2006
of hotels

Average managerial efficiency 43 0.7660 0.7678

Type of business registration t-statistic = 1.798 t-statistic = 1.588
(df = 41; Sig = 0.080) (df = 41; Sig = 0.120)

Partnership limited 10 0.8432 0.8349
Limited company 33 0.7427 0.7475

Number of guest rooms F-statistic = 10.803 F-statistic = 11.988
(df = 2,40; Sig = 0.000) (df = 2,40; Sig = 0.000)

Fewer than 60 15 0.8223 0.8070
60–150 14 0.8294 0.8576
More than 150 14 0.6325 0.6359

Total revenue (2006) F-statistic = 15.820 F-statistic = 16.993
(df = 2,40; Sig = 0.000) (df = 2,40; Sig = 0.000)

Less than 5 million Baht 16 0.8991 0.8991
5–10 million Baht 9 0.7238 0.7336
Higher than 10 million Baht 18 0.6689 0.6682

Room rates t-statistic = 2.893 t-statistic = 3.023
(df = 41; Sig = 0.006) (df = 41; Sig = 0.004)

Less than 1,000 Baht/night 28 0.8134 0.8157
Higher than 1,000 Baht/night 15 0.6777 0.6783

evaluation of the managerial efficiency of hotels in Chiang Mai in 2002 and
2006. The second part presents the results of the estimation of managerial
efficiency and technological change of 43 hotel samples in Chiang Mai.

Managerial efficiency of hotels in Chiang Mai

Evaluation of managerial efficiency for 2002 and 2006 is presented in Table
4. Out of the sample of 43 establishments, only 6 hotels in 2002 and 7 in 2006
(hence, around 15%) were managerially efficient (the managerial efficiency
index of these establishments was equal to 1). The average managerial efficiency
was 76.60% in 2002 and 76.78% in 2006.

As can be seen in Table 4, some of the characteristics of the hotels influence
the results on managerial efficiency for both periods. In particular, the size of
hotel (measured as number of guest rooms or total revenue) and the room rates
(the sample is split at a rate of US$25 with an exchange rate of 40 Baht/US$)
affected managerial efficiency. As can be seen from the table, the smaller hotels
and those with cheaper rates have higher managerial efficiency than the larger
hotels, with statistical significance at the 99% level of confidence. This is an
unexpected result. However, the analysis of the characteristics of the establish-
ments and the reality give some insights on the economics behind this result.
Smaller hotels may have higher managerial efficiency than larger hotels because
those who own and manage the business are often the same people. As was
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Table 5. Change in managerial efficiency and management technology of hotel samples in
Chiang Mai, 2002–2006.

Item Managerial Management Total factor
efficiency technology productivity

Average values 1.0049 0.9755 0.9871

Type of business t-statistic = –0.631 t-statistic = –2.157 t-statistic = –0.480
registration (df = 41; Sig = 0.531) (df = 41; Sig = 0.037) (df = 9.61; Sig = 0.642)
Partnership limited 0.9944 0.9566 0.9745
Limited company 1.0080 0.9812 0.9909

Number of guest rooms F-statistic = 1.818 F-statistic = 3.089 F-statistic = 2.555
(df = 2,40; Sig = 0.176)(df = 2,40; Sig = 0.057) (df = 2,40; Sig = 0.090)

Fewer than 60 0.9834 0.9632 0.9608
60–150 1.0242 0.9724 1.0046
More than 150 1.0085 0.9917 0.9976

Total revenue (2006) F-statistic = 0.217 F-statistic = 4.419 F-statistic = 0.421
(df = 2,40; Sig = 0.806)(df = 2,40; Sig = 0.018) (df = 2,40; Sig = 0.659)

Less than 5 million Baht 1.0022 0.9608 0.9764
5–10 million Baht 1.0167 0.9700 0.9917
Higher than 10 million Baht 1.0013 0.9913 0.9943

Room rates t-statistic = 0.111 t-statistic = –2.135 t-statistic = –1.437
(df = 41; Sig = 0.912) (df = 33.60; Sig = 0.040)(df = 37.71; Sig = 0.159)

Less than 1,000
Baht/night 1.0056 0.9696 0.9797

Higher than 1,000
Baht/night 1.0035 0.9864 1.0008

Note: Coefficients with a value greater than 1 indicate change in a good direction; those with a value
less than 1 indicate change in a declining direction; those with a value equal to 1 indicate no change.

described in the introduction, many of these establishments concentrate on a
price competitiveness strategy that requires a strict control of costs, which can
be gained through improvements in managerial efficiency. Smaller hotels are
normally family run, and therefore more flexible and more managerially mobile
than larger hotels. In contrast, large hotels may have difficulties in reducing
operation costs. Finally, a significant proportion of the large hotels do not
belong to international chains, therefore missing some of the benefits that may
be gained from the economies of scale derived from the international network.

Change in total factor productivity, managerial efficiency and management
technology of hotels in Chiang Mai

The results of applying the Malmquist productivity approach are presented in
Table 5. This table provides critical information on understanding the evolution
of Chiang Mai’s hotels, providing a close look at total factor productivity. In
particular, the table distinguishes between managerial efficiency and manage-
ment technology. During the period from 2002 to 2006, 23 hotels in the
sample were found to have improved their managerial efficiency and nearly half
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of the sample (21 hotels) were found to have higher total factor productivity,
while only 5 hotels were found to have higher management technology (all of
them were medium-size and large hotels).

Comparison of the average values for 2002 and 2006 shows a slightly better
managerial efficiency and a decrease in management technology and total factor
productivity. Hence, interpretation of the results indicates that the hotels were
able to maintain aggregate managerial efficiency in order to retain their
competitiveness, but they failed to improve their management technology (due
to a lack of investment). From a long-run perspective, these results may lead
to losses in hotel competitiveness in the future.

Both managerial efficiency and management technology performed worse in
smaller hotels, in partnership companies and in hotels charging lower room
rates, with statistical significance at the 90% level of confidence. A closer look
at the table indicated that during the period analysed the medium-size and large
hotels were able to catch up slightly on managerial efficiency. On the other
hand, small hotels should pay more attention to improving management
technology in order to maintain their competitiveness.

The results of the study reveal that more than half of the hotels did maintain
their managerial efficiency, but a few hotels improved their management
technology to strengthen their competitiveness (such as improving their
computer system to adapt to online purchases). Increasing managerial efficiency
is obviously important, but it only helps to strengthen competitiveness in the
short run. Hotels should also improve their management technology in order
to sustain their competitiveness in the long run.

Based on the results, the hotels can be classified into groups showing the
relationship between managerial efficiency in 2006 and the change in
managerial efficiency (modified from Hwang and Chang, 2003, and Barros,
2005a):

(1) Hotels with a high competitiveness and better management. Hotels having
managerial efficiency in 2006 and which have also increased their
managerial efficiency with respect to that in 2002. Eleven hotels fall into
this category, with a high potential to compete.

(2) Hotels with a high competitiveness but with no improvement in their management.
The managerial efficiency score of these hotels was higher than average in
2006, but they had lower managerial efficiency compared to that of 2002.
These hotels, nine establishments fall into this group, still retain
competitiveness but they may lose their potential to compete in the long
run if they do not improve their managerial efficiency. With the
appropriate strategy, they could develop into a group with a high potential
to compete.

(3) Hotels with low competitiveness but with better management. Establishments with
a managerial efficiency score lower than the average of the sample in 2006,
but they have increased their managerial efficiency. In the future, this
group, composed of 12 hotels, may be able to develop and move themselves
up into the group with a high potential to compete.

(4) Hotels with low competitiveness and lack of improvement. In 2006 11 hotels had
a managerial efficiency score lower than the average, and they were also
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below their own score in 2002. Hence, they have a low ability to compete
and show no success in improving their managerial efficiency. In a highly
competitive environment, these hotels have to change their strategy or they
may go out of business.

Conclusion

In earlier studies in Thailand (Akarapong, 2004, and Mingsarn et al, 2005),
the efficiency of hotels tended to be low. This article investigates the change
in total factor productivity of hotels in Chiang Mai, Thailand, during 2002–
2006. The DEA technique was used to evaluate managerial efficiency, while a
Malmquist productivity approach was used to distinguish between the change
in managerial efficiency and management technology.

The results from the Malmquist productivity approach allow the researchers
to estimate a decline of the total factor productivity of accommodation
establishments in Chiang Mai between 2002 and 2006 and to explain the
contribution of its different components. While the results prove that the hotels
in the sample were successful in maintaining their managerial efficiency, the
lack of investment in management technology caused a decline in total factor
productivity.

The paper also presents estimates of the impact of some hotel characteristics
on the level and variation of managerial efficiency, management technology and
total factor productivity. The most remarkable is the effect of the size (measured
by number of rooms) and the room rate of the establishment. In particular, the
level of managerial efficiency was higher for smaller establishments. While this
may seem a surprising result, the distinction between total factor productivity
and managerial efficiency must be clear. In the case of the latter, the authors
consider the greater flexibility of smaller establishments to be the main
explanation. In particular, larger establishments tend to implement standard
processes and technologies that introduce some rigidity and that may not always
provide appropriate environments for different cultures, human resources and
labour relations. Regarding managerial technological change, the larger hotels
performed better than the smaller hotels.

Hence this study, which separated total productivity into managerial
efficiency and management technology, pointed out that the firms in the sample
were indeed successful in maintaining managerial efficiency but failed to invest
sufficiently in management technology. The results suggest some policy
recommendations for the region’s private and public stakeholders, but which
probably could be extended to other regions. First, some caution must be
exercised when applying standard processes and technologies to different areas.
In particular, the labour force must be trained to adopt new technologies, some
processes may have to be adapted to the characteristics of the people who are
going to implement them, and flexibility can be important for managerial
efficiency in the short run. Second, a shortfall in investment in technology could
hamper productivity in the long term. Hence, maintaining an acceptable level
of managerial efficiency is not a substitute for improving management
technology or for endeavouring continuously to raise service quality in order to
adapt to customers’ preferences.
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This paper utilizes a unique hotel-level dataset to examine operational ef-
ficiency and technology gap in Thailand’s hotels. This paper classifies the hotels 
in Thailand into five groups with distinctive levels of operational technologies. A 
meta-frontier analysis is applied to evaluate the operational efficiency scores of 
the hotels in same groups and between groups. The result show that, the hotels 
in the five groups differ in the use they make of input operational efficiency. 
Meanwhile, the mean efficiency of the hotels with room rate between 300–900 
baht per night and total revenue lower than 1 million baht per year is particularly 
low. This study suggests to transferring knowledge about operational manage-
ment from the hotels with higher operational efficiency to the hotels that had low 
operational efficiency. This might help to improve operational efficiency and 
competitiveness in long run. 
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The operational efficiency of the hotel industry in Thailand has been ex-
tensively analyzed using advanced efficiency methods such as DEA (Data En-
velopment Analysis) and SFA (Stochastic Frontier Analysis) (Akarapong, 2004; 
Mingsarn and Akarapong, 2005; Akarapong and Mingsarn, 2009). However, 
these methods assume homogenous technology and the same environmental 
characteristics, making the results not strictly comparable across different 
groups of hotels (Assaf, Barros and Josiassen, 2009). To assess more accu-
rately the impact of different technologies and environmental characteristics, this 
study applies the concept of meta-frontier analysis developed by Rao, O’Donnell 
and Battese (2003) and O’Donnell, Rao and Battese (2007) to estimate the en-
velope of possible frontiers that might arise from the heterogeneity between 
groups of hotels. 

Moreover, most of previous studies of hotel efficiency focused on the es-
timation of managerial or operational efficiencies by using a limited data set and 
restrictive functional form. They also assumed that technologies are similar 
across hotels and indusial environment. But in fact, the different groups of hotel 
use a differenct managerial or operation technology. Such as the foreign invest-
ment hotels had to use the standard managerial technology from the hotels 
chain while the local hotels didn’t have these and manage the hotel on their own. 
In order to examine the patterns and differences in performance in these differ-
ent categories of hotels, the purpose of this paper is to estimate the operational 
efficiencies of the Thai’s hotel industry using Cobb-Douglas functional form, a 
larger data set and a methodology that would be similar to the hotel environment 
and technology across different groups of hotels. 

The main objective of this study is to use meta-frontier analysis to assess 
the operating efficiency of five different hotel types in Thailand. There are 1) for-
eign investment 2) room rate more than 900 baht per night (or more than 
30 US$ per night) 3) room rate less than 300 baht per night (or less than 10 US$ 
per night) 4) room rate between 300–900 baht per night (or between 10–30 US$ 
per night) and 5) total revenue less than 1 million baht per year (less than 
300 thousand US$) and room rate between 300–900 baht per night and total 



 

 
revenue more than 1 million baht per year. The study focuses on the potential of 
different types of ownership to raise operating efficiency through foreign invest-
ment. In addition, the question of whether higher room rates price are more pro-
ductive than lower rates is analyzed. Greater productivity gains are expected at 
higher levels of cooperation at large hotels because they should open up a 
broader range of opportunities to improve operational efficiency. 

The paper is organized as follow. Section 2 contains method of analysis, 
and is followed by the results and discussion in section 3. In section 4, conclud-
ing comments are presented. 

 

 

Operational efficiency is an important factor in managerial business. The 
estimation of technical efficiency represents to the ability of competitiveness 
Hwang and Chang, 2003). Relative efficiency (Farrell, 1957) has been extended 

and modified to Data Envelopment Analysis (DEA) and Stochastic Frontier 
Analysis (SFA). Both approaches are popular in the efficiency literature, how-
ever; DEA has some restrictions such as inability to take into account error term 
in the output and stochastic element of production, no assumption about distri-
bution efficiency No significant test of the technical efficiency (Barros, 2006; 
Barros and Dieke, 2008 . On the other hand, the advantage of the stochastic 
frontier approach is that it allows for random disturbances, such as the effect of 
quality of inputs, and measurement errors in the output variables (Barros, 2006; 
Barros and Dieke, 2008). According to these advantages, this study used the 
stochastic frontier (SFA) approach with emphasis on the parametric model, and 
then calculated the efficiency scores for individual hotel units. 

 

The stochastic frontier framework in this study is a parametric specifica-
tion of econometric models to estimate the production frontier and measure effi-
ciency scores. The basic stochastic frontier production function is defined as: 

Yi = ƒ(Xi, β) exp ( i)    (1) 

where Yi is the output of i-th (i = 1, 2, ..., N) firm; Xi is the corresponding matrix of 
inputs; β is the vector of parameters to be estimated; and i is the error term that 
consists of two independent elements, Vi and Ui, such that i  Vi − Ui. The Vis 
are assumed to be symmetric, identically and independently distributed errors 



 

that represent random variations in output, as a result of factors outside the con-
trol of the decision-making unit, as well as the effects of measurement error in 
the output variable, variables excluded from the model and statistical noise. 
They are assumed to be normally distributed with mean zero and variance 2

v 

)],0([ 2
Vi N V σ∼ . The Uis are non-negative random variables that represent the 

stochastic shortfall of outputs from the most efficient production. Ui is defined by 
truncation of the normal distribution with mean Ui = 0 + J

j=1 jZji and variance 
2

U, where Zji is the value of the j-th explanatory variable associated with the 
technical inefficiency effect of firm i; and 0 and j are unknown parameters to be 
estimated (Battese and Coelli, 1995). The maximum likelihood method is used to 
estimate the parameters of both the stochastic frontier model and the ineffi-
ciency effects model. The variance parameter of the likelihood function is esti-
mated in terms of 2  2

V + 2
U and   2

U  2. The technical efficiency of a 
firm can be defined by the ratio of the observed output to the corresponding sto-
chastic frontier output by 

( ) ( )
( ).exp

exp; i
ii

i
i U

VX 
Y

TE =
ƒ

=
β

   (2) 

 

 

The meta-frontier production is a production function that covers individual 
frontier of groups. A graph of the meta-frontier function is presented in figure 1. 
Several studies are used to estimate technical efficiency in different regions, en-
vironmental, and technologies of agricultural production. To begin with the sto-
chastic meta-frontier framework was done by Battese and Rao (2002), Battese, 
Rao and O’Donnell (2004), and O’Donnell, Rao and Battese (2008). Then, Vil-
lano, Fleming and Fleming (2008) proposed that other studies, such as latent 
class model (Greene, 2004), and state-contingent frontier (O’Donnell and Grif-
fiths, 2006) still have biased estimators of the parameters of the frontier and 
technical inefficiency because the results reveal that lack of success in account-
ing for environmental variables. Therefore, meta-frontier analysis was used to 
estimate the technology gap ratio and estimate parameters of frontier and tech-
nical inefficiencies. 

From figure 1, the estimation of the standard stochastic frontier model for 
R different groups within the industry defined as: 

)()(),( )()()(
jiji uv

jjiji eXY −
ƒ= β     (3) 

i = 1, 2,…, Nj,    t = 1, 2,…, T,    j = 1, 2,…, R, 

Suppose that, for the j th group, there are sample date on Nj firms that 
produce one product from the various inputs. 



 

 
Figure 1  

Meta-frontier and Individual Frontiers 
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Source: (Battese et al., 2004) 

 

 

Where Yi(j) is the output for the i th firm for the j th group. 

Xi(j) is a vector of values of functions of the input used by the i th firm for 
the j th group. 

(j) is the parameter vector associated with the x-variables for the stochas-
tic frontier for the j th group involved. 

vi(j) is statistical noise assumed to be independently and identically distrib-
uted as ),0( 2

)( jvN δ  random variables. 

ui(j) is non-negative random variables assumed to account for technical in-
efficiency in production and assumed to be independently distributed as trunca-
tions at zero of the ),( 2

)()( jjiN δμ distribution, where μi(j) is some appropriate ineffi-

ciency model, defined by Battese and Coelli (1992) and (1995). 

In simplified version, the model is presented as: 

( ) )()()()()(
)(, jijijijiji uvXuv

jii eeXY −+−
≡ƒ=

β
β    (4) 

Assumed that exponent of frontier production function is linear in the pa-
rameter vector, (j), so that Xi is a vector of function of the input for the i th firm. 



 

The meta-frontier production function model is expressed by 

( ) ,,
*** ββ iX

ii eXY =ƒ=   i = 1, 2,…, N.   (5) 

Where * is the vector of parameters for the meta-frontier function such 
that: 

,)(
*

jii XX ββ ≥   j = 1, 2,…, J.    (6) 

Equation 6, the meta-frontier production function is solved the optimization 
problem by Battese, Rao and O’Donnell (2004). The optimization problem is de-
fined as: 

( ) ( )[ ]
=

ƒ−ƒ
N

i
jii XXMin

1
)(

* ,ln,ln βββ  

s.t.          ( ) ( ))(
* ,ln,ln jii XX ββ ƒ≥ƒ     (7) 

where (j) is the estimated coefficient vector associated with the group-j stochas-
tic frontier 

The observed output defined by the stochastic frontier for the j th group in 
equation 4 and it is alternatively expressed in term of the meta-frontier function 
in equation 5, such that: 
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where the first term on the right-hand side of equation 10.6 is the same as tech-
nical efficiency relative to stochastic frontier for the j th group (Battese, Rao and 
Prasado, 2002). 
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The second term on the right-hand side of equation 9 is the technology 
gap ratio (TGR) (Battese, Rao and Prasado, 2002) or the metatechnology ratio 
(MTRs) (O’Donnell et al, 2007) or environment-technology gap ratio (ETGR) 
(Villano, Fleming and Fleming, 2008), which is expressed as: 
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The TGR or ETGR measure the ratio of the output for the frontier produc-
tion function for j th group relative to the potential output that is defined by the 
meta-frontier function, given the observed input (Battese, Rao and Prasado, 



 

 
2002) and (Battese, Rao and O’Donnell, 2004). The TGR or MTR or ETGR has 
values between zero and one. 

The technical efficiency of i th firm, relative to the meta-frontier, is denoted 
by TEi

*, is defined in a similar way to equation 9, TEi
* can be expressed as:  
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*
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Y
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=      (11) 

From equation 11, it is the ratio of the observed output relative to the last 
term on the right-hand side of equation 6, which is the meta-frontier output, ad-
justs for the corresponding random error. 

Equation 8, 9, 10 and 11 imply that an alternative expression for the tech-
nical efficiency relative to the meta-frontier can be expressed by 
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O’Donnell, Rao and Battese (2008) presented the extensions to the basic  
meta-frontier framework, such as multiple-output; technological change (Coelli et 
al., 2005); time-invariant inefficiency effects can be found in (O’Donnell, Rao and 
Battese, 2008); alternative orientations and identifying groups (Orea and Kumb-
hakar, 2004) and (O’Donnell and Griffiths, 2006). 

 

 

The stochastic frontier analysis model defined by equation 1 and 2. They 
were estimated assuming the Cobb-Douglas functional form. The inputs are de-
fined as the number of rooms, room rate per night, number of employees, opera-
tional expenses and assets. The output is total revenue. The specification of the 
functional form is defined by 

ln (Yi)(k) = 0(k) + 1(k) ln(X1i(k)) + 2(k) ln(X2i(k)) + 3(k) ln(X3i(k))+  

 + 4(k) ln(X4i(k)) + 5(k) ln(X5i(k)) + Vi(k) + Ui(k)   (13) 

Where Yi is total revenue (in baht); 

X1i is the number of rooms (in room); 

X2i is room rate per night (in baht); 



 

X3i is the number of employees (in person); 

X4i is operational expenses (in baht); 

X5i is assets (in baht); 

0 – 5 are unknown parameters to be estimated; 

k is 5 groups of the hotel groups.  

The Vi(k) are assumed to be independently and identically distributed with 
mean zero and variance, Vi(k)

2
; and the us are technical efficiency effects that are 

assumed to be half-normal and independently distributed such that Ui(k) is defined by 
the truncation at zero of the normal distribution with known variance, Ui(k)

2. 

The inputs are implied inputs in that they are measured as costs, assum-
ing all groups faced the same input prices and no changes occurred in input 
prices during the period when the survey was undertaken. Similarly, outputs are 
implied outputs in that they are measured as revenue assuming all groups faced 
the same output prices.  

The technical inefficiency model is defined following Battese and Coelli 
(1995) as: 

Ui(k) = 0(k) + 1(k) Z1i(k) + 2(k) Z2i(k) + 3 Z3i(k)   (14) 

Where Z1i is ratio of workers per room;  

Z2i is period of operation; 

Z3i is ratio of foreign guest; 

0 – 3 are unknown parameters to be estimated. 

Many variables were tested for inclusion in the inefficiency model. They 
are discussed in this section and reasons are given for the expected direction of 
their relations with the level of operational efficiency of hotel industry in Thailand. 
The coefficient of the ratio of workers per room is expected to be positive be-
cause lower number of workers should have lower cost of labour. The other inef-
ficiency variables, the signs on the coefficients of period of operation are ex-
pected to be negative because longer period of operation should have accumu-
lated more revenues. Finally, the coefficient of ratio of foreign guest is expected 
to have a negative sign because a higher number of foreign guests would help 
the hotels to manage more effectively. If firms can control the quality of service, 
they can better control service prices. 

 

The study uses 1,799 samples of hotels and guesthouses from the 2008 
Survey Database of the National Statistical Office, Thailand. The statistics for in-
put and output variables in the operating efficiency of hotel are reported in Table 
1. We divided the hotels into five groups by considering the impact of different 



 

 
technologies: (foreign investment, room rate more than 900 baht per night, room 
rate less than 300 baht per night, room rate between 300–900 baht per night 
and total revenue less than 1 million baht per year and room rate between 300–
900 baht per night and total revenue more than 1 million baht per year).  

 

 

Table 1  

Summary Statistics for Data on the hotels of Thailand 

Variables Units Min Max Mean SD 
Total 

• Total revenues Million baht 0.0098 2,148.69 20.49 97.11 

• Total rooms room 2 760 62 84 

• Room rate baht/night 60 54,893 707 1,816 

• Employees person 1 859 38 89 

• Operational expenses Million baht 0.0044 1,444.70 10.86 62.39 

• Assets Million baht 0.0010 5,493.44 54.14 255.85 
1. Foreign investment 

• Total revenues Million baht 0.22 2,148.69 299.76 422.73 

• Total rooms room 7 734 239 197 

• Room rate baht/night 129 19,086 3,470 3,696 

• Employees person 4 859 246 251 

• Operational expenses Million baht 0.06 1,444.70 173.34 281.58 

• Assets Million baht 0.002 5,493.44 629.93 1,245.27 
2. Room rate more than 900 baht per night 

• Total revenues Million baht 0.10 1,161.35 72,41 126.12 

• Total rooms room 2 760 145 136 

• Room rate baht/night 905 54,893 2,483 4,166 

• Employees person 2 713 135 145 

• Operational expenses Million baht 0.043 956 37.47 85.85 

• Assets Million baht 0.002 2,127.54 172.05 299.71 
3. Room rate less than 300 baht per night 

• Total revenues Million baht 0.010 19.32 0.98 1.43 

• Total rooms room 4 316 29 26 

• Room rate baht/night 60 299 206 56 

• Employees person 1 101 7 8 

• Operational expenses Million baht 0.040 8.75 0.37 0.64 

• Assets Million baht 0.001 219.24 9.74 17.40 
4. Room rate between 300–900 baht per night  

and total revenue less than 1 million baht per year 
• Total revenues Million baht 0.035 0.99 0.52 0.25 

• Total rooms room 2 72 18 11 

• Room rate baht/night 300 889 415 131 



 

Variables Units Min Max Mean SD 
• Employees person 1 16 5 3 

• Operational expenses Million baht 0.0067 1.01 0.22 0.16 

• Assets Million baht 0.0020 68.15 8.42 9.68 
5. Room rate between 300–900 baht per night  

and total revenue more than 1 million baht per year 
• Total revenues Million baht 1.00 148.43 8.55 14.59 

• Total rooms room 3 456 73 57 

• Room rate baht/night 300 900 493 158 

• Employees person 2 431 34 45 

• Operational expenses Million baht 0.047 56.32 3.91 7.14 

• Assets Million baht 0.001 915.38 31.99 69.38 

Source  the National Statistical Office 2009. 

 

 

 

The stochastic frontier analysis-group and stochastic frontier analysis-pool 
estimates were obtained using FRONTIER 4.1 (Coelli, 1996) in order to formu-
late the technical efficiency (TE) effects model (Battese and Coelli, 1995). The 
stochastic frontier analysis /meta-frontier estimates were obtained using SHA-
ZAM. 

 

A likelihood-ratio (LR) test, for the group’s stochastic frontier model is the 
same for all the operational efficiency of the hotel industry in Thailand. For test-
ing of the null hypothesis, we can decide that it would be a good reason or not 
for estimating the efficiency level of firms to a meta-frontier operational function. 

Following Battese, Rao and O’Donnell (2004), we test the null hypothesis 
by calculating LR statistic. The LR statistic is defined by: 

( ) ( )[ ]{ } ( )[ ] ( )[ ]{ }1010 lnln2/ln2 HLHLHLHL −=−=λ    (15) 

where ln [L(H0)] is the value of the log likelihood function for the stochastic fron-
tier estimated by pooling the data for all groups. 

ln [L(H1)] is the sum of the value of the log likelihood function for the 5 
groups operational function. 



 

 
 

The operational efficiency is computed using three approaches. First, a 
standard operation stochastic frontier (like production) was employed using 
pooled cross-section data. Second, group stochastic frontier functions were es-
timated. Finally, meta-frontier analysis was used given differences in operation 
environments and technologies between the five groups of hotels studied. The 
gamma parameters are significant for the five groups, suggesting the presence 
of operational inefficiency, and the LR test = 134.34, with a p-value of 0.00 (us-
ing a Chi-square distribution with 52 degrees of freedom). Therefore, the null 
hypothesis that different groups have the same stochastic frontier models can be 
rejected. All inputs are associated with total revenues and the high ratio of for-
eigner guests improves in operation efficiency (Table 2).  

The estimates of the parameters of the inefficiency effects model are pre-
sented in Table 2. Estimates of the coefficients of the variables explaining differ-
ences in group efficiency provide interesting results. First, the coefficient of the 
variable denoting the ratio of foreign guest is significant at the 1 and 5 per cent 
level and has both negative and positive coefficients for all groups of hotels. This 
result indicates that a higher number of foreign guests is ssociated with greater 
operational efficiency in large hotels (group 1 and 2). It was initially surprising to 
find that the number of years of operation has a positive association with opera-
tional inefficiency in small hotels (group 3 and 4). On the other hand, the longer-
operated hotels tend to be more efficient in only large hotels (group 1). Finally, 
the ratio of workers per room has positive association with operational ineffi-
ciency. This result suggests that the higher the number of workers, the lower the 
level of efficiency in only large hotels (group 1). 

Estimated operational efficiencies with respect to the group frontiers and the 
meta-frontier, together with estimated MTRs, are presented in Table 3. Hotels dif-
fer in operational efficiency, MTRs, and the use they make of inputs. The value of 
MTRs ranges from 0.56 to 0.86, which explains that on average, hotels in Thailand 
operate between 56–86 percent of the potential total revenue given the technology 
available to the industry as a whole. As expected, estimated operational efficien-
cies are lower and dispersed in the meta-frontier model. The average MTR were 
found to be significantly different for five groups1. However, the meta-frontier 
analysis provides a more consistent and homogenous efficiency comparison. 
Mean MTRs vary considerably between hotels and across groups whereas mean 
operational efficiency with respect to the pooled frontier are reasonably similar 
across groups but differ in the operational efficiency with respect to group frontiers. 
Hotels with the lowest total revenue and room rate per night have the lowest 
(Group 4) MTR (0.56) due to a lack of operating technology, few foreigners, and 
their small size that precludes labour-saving technologies. 

                                                           
1 We test the sampling distribution of the difference means by using a t test. The value of 

the test statistic is 3.56, which falls in the rejection region, thus, we reject H0. 



 

Table 2 

Estimates for parameters of the stochastic frontier model. 

Variables Group 1 Group 2 Group 3 Group 4 Group 5 Pooled 
frontier 

Meta-
frontier 

Frontier 
model 

       

Constant 5.196*** 
(0.980) 

4.956*** 
(0.480) 

5.327*** 
(0.382) 

8.588*** 
(0.683) 

6.679*** 
(0.993) 

4.994*** 
(0.118) 5.421 

Total 
rooms 
(rooms) 

0.220 
(0.217) 

0.192 
(0.732) 

0.272*** 
(0.045) 

0.076 
(0.052) 

0.034 
(0.213) 

0.149*** 
(0.027) 0.074 

Room rate 
(baht per 
night) 

0.169* 
(0.128) 

0.193*** 
(0.072) 

0.117** 
(0.066) 

-0.140* 
(0.089) 

0.170 
(0.366) 

0.163*** 
(0.033) 0.124 

Employees 
(persons) 

0.218 
(0.227) 

0.285*** 
(0.072) 

0.308*** 
(0.043) 

0.410*** 
(0.059) 

0.406* 
(0.294) 

0.403*** 
(0.014) 

0.429 

Operational 
expenses 
(baht) 

0.561*** 
(0.103) 

0.530*** 
(0.029) 

0.504*** 
(0.025) 

0.362*** 
(0.033) 

0.424* 
(0.218) 

0.517*** 
(0.045) 0.548 

Assets 
(baht) 

0.003 
(0.023) 

0.015** 
(0.009) 

0.004 
(0.008) 

0.022* 
(0.017) 

0.015 
(0.028) 

0.008* 
(0.006) 0.017 

Inefficiency 
effect 
model 

      - 

Constant 0.968 
(0.766) 

0.577*** 
(0.149) 

-9.992*** 
(3.558) 

-11.035*** 
(7.281) 

0.090** 
(0.039) 

0.101*** 
(0.036) 

- 

Ratio of 
workers 
per room 
(%) 

1.115* 
(0.701) 

-0.121 
(0.116) 

-1.864 
(1.198) 

-1.254 
(1.744) 

0.016 
(0.113) 

0.034 
(0.032) - 

Period of 
operation 
(day) 

-0.127* 
(0.097) 

0.004 
(0.004) 

0.076*** 
(0.030) 

0.102* 
(0.069) 

0.002 
(0.006) 

0.0008 
(0.0015) 

- 

Ratio of 
foreign 
guest (%) 

-0.033* 
(0.022) 

-
0.083*** 
(0.001) 

0.014** 
(0.008) 

0.045** 
(0.026) 

0.002** 
(0.001) 

-0.0018*** 
(0.0004) - 

Variance 
parameter       - 

Sigma-
squared 

0.895* 
(0.593) 

0.190** 
(0.017) 

2.080*** 
(0.612) 

2.459* 
(1.545) 

0.200*** 
(0.021) 

0.243*** 
(0.008) - 

Gamma 0.802*** 
(0.179) 

0.302*** 
(0.083) 

0.902*** 
(0.029) 

0.957*** 
(0.030) 

0.00004*** 
(0.00001) 

0.000007*** 
(0.000003) 

- 

Log-L -34.47 -116.19 -494.34 -131.60 -363.38 -1274.32 - 

Note : *** denote significance at the 1% level. ** denote significance at the 5% level. * de-
note significance at the 10% level.  
: The numbers in parentheses are standard errors. 

Source: Author’s calculation. 



 

 
Table 3  

Estimates of Technical efficiency (TEs) and Technology Gap Ratios (MTRs) 

Groups Min Max Mean SD 
Total 

• Pool frontier 0.6464 0.9999 0.9074 0.0473 
• Group frontier 0.1742 0.9999 0.8376 0.0995 
• Technology gap ratio (MTR) 0.3526 1.0000 0.6417 0.1066 
• Meta-frontier 0.1109 0.9966 0.5354 0.1016 

1. Foreign investment (group 1) 
• Pool frontier 0.8295 0.9999 0.9722 0.0463 
• Group frontier 0.2372 0.9300 0.7822 0.1408 
• Technology gap ratio (MTR) 0.6353 1.0000 0.8371 0.0969 
• Meta-frontier 0.1660 0.9109 0.6543 0.1379 

2. Room rate more than 900 baht per night (group 2) 
• Pool frontier 0.6464 0.9999 0.9381 0.0585 
• Group frontier 0.4116 0.9719 0.7634 0.1304 
• Technology gap ratio (MTR) 0.5041 1.0000 0.7149 0.0908 
• Meta-frontier 0.3554 0.8537 0.5415 0.0966 

3. Room rate less than 300 baht per night (group 3) 
• Pool frontier 0.8312 0.9999 0.8952 0.0392 
• Group frontier 0.1742 0.9406 0.8208 0.0743 
• Technology gap ratio (MTR) 0.4365 0.8621 0.6543 0.0605 
• Meta-frontier 0.1109 0.7496 0.5367 0.0671 
4. Room rate between 300–900 baht per night and total revenue less than 1 million baht 

per year (group 4) 
• Pool frontier 0.8490 0.9999 0.9027 0.0370 
• Group frontier 0.2109 0.9315 0.7988 0.1106 
• Technology gap ratio (MTR) 0.3721 0.9600 0.5620 0.0979 
• Meta-frontier 0.1260 0.7977 0.4475 0.0948 
5. Room rate between 300–900 baht per night and total revenue more than 1 million baht 

per year (group 5) 
• Pool frontier 0.7945 0.9999 0.9062 0.0457 
• Group frontier 0.7622 0.9999 0.9061 0.0489 
• Technology gap ratio (MTR) 0.3526 1.0000 0.6173 0.1169 
• Meta-frontier 0.3126 0.9966 0.5592 0.1107 

Source: Author’s calculation. 

 

 

In terms of the relationship between efficiency and hotel classification, the 
efficiency of foreign investment hotels is higher than domestic investment hotels 
(0.83) and they can earn revenue from the other sources of income, such as en-
tertainment activities, food and beverage. Meanwhile, the MTRs of groups 1, 2, 



 

3 and 5 are lower than group 4, and group 4 has the lowest MTRs. Group 4 has 
the lowest average MTR ratio hence its average efficiency is reduced from 37.21 
percent when compared relative to the frontier within group to 10.66 percent 
when compared to the meta-frontier. 

 

 

This paper has provided some interesting results on the operational effi-
ciency of the hotel industry in Thailand. The meta-frontier analysis is used to de-
velop the traditional frontier analysis because this model enables the calculation 
of comparable operational efficiency for firms operating under different technolo-
gies or locations. 

The meat-frontier analysis divides the operational efficiency into two parts: 
1) operational efficiency respect to the sub-group; and 2) operational efficiency 
respect to the meta-frontier by considering the technology gap ratio. Paper 
shows how group frontier and the meta-frontier can be estimated using a Cobb-
Douglas functional form. An empirical example used cross-sectional data of sta-
tistics for input and output variables in the operating efficiency of 1,799 hotels. 
We divide the hotel into five groups. 

The finding of the study is that, hotels in the five groups differ in the use 
they make of input operational efficiency and technology gap ratio (MTRs). 
Mean MTRs vary substantially between hotels and across groups whereas 
mean operational efficiency are reasonably similar across groups but differ in the 
extent of variation among hotels within each group. The mean value of opera-
tional efficiency for the pooled frontier, group frontier and meta-frontier models 
across all groups are 0. 90, 0.83 and 0.53 respectively. Group frontiers show 
that the mean value of MTR varies from 0.56 in hotels with room rate between 
300–900 baht per night and total revenue less than 1 million baht per year to 
0.83 in hotels with foreign investment. The low MTR is attributable to a lack of 
operation management. 

The results suggest that transferring knowledge and knowledge manage-
ment about operation management from higher operational efficiency of hotels 
to lower operational efficiency of hotels needs to be organized. For example, 
quality standards from foreign investment would be to improve operational effi-
ciency in small-sized hotels. Furthermore, specific policy initiatives designed to 
assist hotels groups could be implemented through the difference in technolo-
gies. For example, foreign investment hotels should focus on allocate labour ef-
ficiency that should be replaced by modern technologies whereas domestic in-
vestment hotels or hotels which earn revenue from only one source of income 
(room rate) could intend to achieve efficiency in asset management. The policies 
towards small hotels might need to be different from large hotels that enable the 
government to establish appropriate policies for several types of Thailand hotels. 
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