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Abstract: The successful and sustainable development of inbound tourism necessitates a long-term
commitment, balancing between tourism supply and tourist demands. This study manipulated
a performance appraisal of tourism service quality in Taiwan with Data Envelopment Analysis
(DEA) by employing input and output constructs to assess service quality efficiency. The empirical
results of the estimation of technical efficiency (TE) revealed that (1) the domestic tourism market
is competitive, but still needs enhancements for tourism service; (2) Mainland Chinese tourists
had the highest score among all foreign tourists, followed by Hong Kong and Macau tourists,
tourists from other countries, Japanese tourists, and South Korean tourists; and (3) South Korean
tourists had higher travel expenditure than others, but felt less satisfaction with travel services,
which can be regarded as inefficient. Tourists from other countries had lower travel expenditure,
but had higher satisfaction levels, which was considered efficient based on input and output index.
The findings could contribute to bridging the gap between research and practice in assessing the
efficiency of inbound tourist service. Tourism practitioners should be aware of tourists’ needs and
interests, as these could be key fundamentals for improving tourists’ satisfaction with Taiwan’s
service offerings.

Keywords: sustainable tourism; performance appraisal; technical efficiency; service quality

1. Introduction

The World Travel & Tourism Council (WTTC, 2015) [1] estimates that travel and tourism in
2014 was directly and indirectly responsible for generating a significant 9.8% of world GDP, 9.4% of
total employment and 4.3% of world total investment. Tourism has been a significant development
strategy for many countries to maintain regional development [2,3]. The number of inbound tourists
to Taiwan increased from 2.36 million in 1996 to 10.69 million in 2016, reaching the highest level in
the past two decades [4]. Taiwan was ranked 32nd among 141 countries [5], and advanced 4 places
compared with its ranking in 2011, demonstrating the rapid growth of Taiwan’s tourism industry.
Tourism companies should constantly improve operating efficiency, of which service quality is the
most important competitive advantage for maintaining customer loyalty to improve repurchase
intention due to diversified content in the tourism industry [6]. However, it is difficult for consumers
to determine a tourism service or value before purchasing or experiencing them because of the nature
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of tourism services [7–9]. Other factors such as supply and demand, seasonal fluctuations, and service
experience will affect the consumer decision making process, resulting in increased satisfaction and
loyalty, or inconsistency.

Several studies have emphasized the role of service quality on the consumer’s perceived value
and post-purchase behavior [10,11]. Previous research has claimed that the evaluation of service
quality should depend not only on its input-output ratio, but also on other input-output ratios such as
waiting time and unreasonable prices, which cause dissatisfaction [12]. Service quality is difficult to
define or observe through measures such as the real quantity of banking services [13]; therefore, other
factors or variation should be considered during the estimation process. Some agencies rely on proxies
for difficult-to-measure service outputs, for instance, banking services are proxied by labor hours in
banking and the number of ATMs or hours billed to overcome the deficiency of the measurement [13,14].
Moreover, service quality could serve as an indicator that policy makers use to integrate incomplete,
non-quantified data into informative data [15]. To fill the gap and prevent potential biases when
estimating service quality, Charnes, Cooper, and Rhodes (1978) [16] (CCR) promoted the Farrell’s
(1957) [17] efficiency evaluation and developed the widely used Data Envelopment Analysis (DEA) to
evaluate the relative efficiency of management and scientific assessment methods. The standard DEA
models will improve its effectiveness with the use of the methodological extensions [18]. Furthermore,
the DEA is a multi-factor productivity model for the purpose of evaluating the relative efficiencies of
a homogenous set of decision making units (DMUs) [19] and handles multiple inputs and outputs of the
performance evaluation method [20], in line with an ideal quantitative assessment of the performance
model [21]. In recent years, DEA has been widely used in tourism research [22–33].

This study proposes a performance appraisal of tourism service quality in Taiwan with DEA using
input and output constructs. The input measure includes the average expenditure per day per person,
average accommodation cost, and the average length of stay; the output measure is overall satisfaction
with travel service measured by a five-point Likert scale. An evaluation model and its indicators were
used to comprehensively evaluate service quality perceived from domestic visitors in Taiwan. Based
on theoretical and empirical analysis, suggestions to improve tourism service quality and to enhance
enterprise competitiveness are made. The remainder of this paper proceeds as follows. In Section 2,
we review the literature on Service Quality and Data Envelopment Analysis (DEA). Section 3 describes
our research methodology, including data collection and measurement. Our data analysis procedures,
using DEA, are provided in Section 4. Section 5 presents discussions and conclusions based on the
empirical results, and we conclude with limitations and suggestions for future research.

Based on above discussion, this study has potential contributions by extending the body of
knowledge in assessing the efficiency of inbound tourist services, including the integration of the
economic principles of inputs and outputs with the use of the DEA approach; the adoption of the
optimal input and output indicators for the evaluation of tourism service quality as well overall
satisfaction with travel services and products. Additionally, drawing upon past research, this study
possessed certain potential strengths. First, this study developed an improved model for the evaluation
of tourism service quality by using a systematic analysis approach based on “relative efficiency
evaluation.” Essentially, this study used the linear programming to determine the validity of assessing
tourism service quality. This approach was not related to the numerical values of inputs and outputs;
thus, subjective errors in decision weighting could be effectively avoided. Next, this study conducted
a holistic review to identify three input indicators of the time and monetary costs of the consumption
of tourism services and products from tourists’ perspectives; and one output indicator of tourist’s
overall satisfaction with travel services and products. Last, service quality is regarded as a critical
dimension affecting customer perceived value and loyalty. This study constructed an integrated
DEA model to assess service quality and satisfaction/dissatisfaction between different nationalities of
groups, which have been considered effective predictors of revisit intentions in the tourism service
industry [34].
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2. Literature Review

2.1. Service Quality

Service quality is the extent of customer needs and expectations [35]. Compared to the
quality of physical goods, service is an abstract and elusive concept because its characteristics are
intangible, synchronized (not separable), heterogeneous, and perishable. The customer perceived
service-quality evaluation model was first proposed to compare service quality perception prior to
and after receiving services [36]. The service quality gap model (PZB model) was then proposed to
compare service quality between expected customer services and actual service [37,38]. Namely,
service quality is consumer satisfaction with service, and satisfaction depends on the disparity
between actual service and the consumer’s original expectation [39]. Service quality must be assessed
within the process of delivering service and often occurs when customers contact with employees.
The difference between customer service expectations and perceived service perception is expressed as
service quality = cognitive services − service expectations [37,40,41].

Service quality consists of three dimensions: physical quality, enterprise quality, and interactive
quality. Physical quality is the service from equipment and buildings; enterprise service is the
impression and image of the enterprise; interactive quality is the interaction between employees and
customers and among customers [42]. Services should be provided to meet consumer expectations [43]
and actual cognition after receiving services [35]. Moreover, service quality in the retail industry
is categorized into three basic types: search quality, experience quality, and credibility quality [44].
Customer perception of service quality includes process quality and output quality [45]. Process quality
is customers’ subjective evaluation of service during the service process; output quality measures
customer service experiences [45]. Five well known dimensions of service quality as advocated by
Parasuraman et al. (1985) [37] include tangibles, responsiveness, reliability, empathy, and assurance.
Parasuraman et al. (1985) [37] proposed SERVQUAL as an evaluation method composed of two parts:
one measures customer service-quality expectations in a certain category, and the other investigates
the customers’ evaluation of service quality levels. The SERVQUAL scale is the primary basis for
measuring service quality in many studies based on consumers’ expectations of service quality and
perceived service quality [46]. The follow-up researchers have revised this measurement and developed
the SERVPERF scale of service performance perceptions identified by consumers [47,48]. Specifically,
service was regarded as the core for SERVPERF performance evaluation, without regard to the effect
of customer expectations on evaluating service quality by service performance. Their study results
demonstrated that SERVPERF is more effective than SERVQUAL’s, with calculating weight, to assess
service quality and reflect perceived service quality directly [47]. Based on the assumption that tourism
is intangible and consumer-oriented, this study measures service quality directly from customer
cognitive assessment to evaluate tourism service quality.

2.2. Data Envelopment Analysis (DEA)

Farrell (1957) [17] developed Data Envelopment Analysis (DEA) with a price-wise-linear hull
approach to frontier estimation. DEA is a linear programming methodology for measuring production
and scale efficiencies. Overall technical efficiency is multiplied by two and represents only an input
structure. Farrell (1957) applied linear programming to estimate an empirical production technology
frontier and measured the efficiency of decision-making units (DMUs) when the production process
presents a structure of multiple inputs and outputs. The advantage of this method is DEA’s ability
to accommodate multiple inputs and outputs and take the returns to scale in calculating efficiency;
the concept of increasing or decreasing efficiency is allowed based on size and output levels. DEA is
used in productive efficiency to measure DMUs with equal conditions to obtain the highest efficiency
and to depict production functions in the input and output combinations of a firm. This function
can achieve the maximum output with any possible combination of inputs and form a production
technology frontier. DEA’s performance efficiency is divided into constant return to scale (CRS) or
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variable return to scale (VRS). CRS refers to increased output with the same proportional change, but the
production scale not affecting efficiency. VRS refers to increased output with a different proportional
change, the scale of production increasing with non-fixed ratio relations, and the production scale
affecting efficiency.

Prior literature analyzes tourism destination competitiveness through efficiency analysis,
which means the relation between resources used and results obtained. Parametric and nonparametric
approaches such as, respectively, stochastic frontier analysis (SFA) and DEA are useful tools to
implement efficiency analysis. Previous research used SFA and DEA for the evaluation of tourism
efficiency [49–51]. The DEA model analyzed the styles and efficiency of international tourist hotels
in Taiwan [52]; assessed the impact of ecommerce on hotel performance [53]. Prior study adopted
SFA and DEA the efficiency ratio of 31 hotels in the tourism management department, and the result
showed that DEA more clearly identified inefficient employees compared to Anderson’s SFA [23].
The one-stage SFA [54] and the Malmquist Productivity index (MPI) [55] estimated the technical
efficiency of 66 international tourist hotels in Taiwan in 1992~2002. The findings revealed that
managerial efficiency of the international tourist hotel industry has improved gradually and attributed
productivity growth to efficiency gains, not the effects of technical progress. The CCR model was used
to estimate manager performance in 54 guesthouses as the assessment unit in the United States in1993,
evaluating performance by both the measured variable and by service quality with non-measured
indicators [29]. The CCR model also measured the operation performance of international tourist
hotels in Taiwan, showing that performance appraisal in the food and beverage department is better
than that for the customer service representatives, and that the international-chain hotels are better than
those that are independently operated [30]. Competitive efficiency in the hotel market can be evaluated
by the CCR model of DEA and cluster analysis [32], which were applied with the super-efficiency
and MPI to assess Taiwan’s international tourist hotels from 1994 to 1998. The findings showed
that the scale of international-chain hotels is more efficient than non-international chain hotels [28].
The BCC model was applied to analyze 50 international tourist hotels in Taiwan and also found that
international-chain tourist hotels are more efficient than non-international-chain hotels [22]. The model
assessed the operation performance of 42 hotels in Portugal, where state-run hotels have higher
performance levels [31]. The CCR and BCC of DEA models examined hotel operator efficiency in
Africa [24] and analyzed the performance appraisals of 48 hotels in the United States in 1994 [26]. Due
to poor technical efficiency and scale efficiency, the results show that overall efficiency for hotel value
is only 42%. The CCR of DEA and the BCC models analyzed the operating efficiency of 25 hotels in
2000 and found that four of them were efficient [33]. In short, DEA is a tool for efficiency evaluation.
DEA calculates production with a mathematical programming model, rendering unnecessary the
default function and parameters of the function. DEA simultaneously handles multiple input and
output items in various units to obtain the production frontier rather than the mean, and separately
identifies relative efficiency and relative ranking in each of the relative efficient units, contrasted to the
traditional regression method. The results of operations provide not only learning resources for using
the DMUs, but also specific references or information to tourism authorities. Therefore, DEA is the
most appropriate assessment method to analyze tourism service-quality performance in this study.

3. Methods

DEA efficiency assessment can be divided into technical efficiency, scale efficiency, pure technical
efficiency, allocation efficiency, and overall efficiency. Enhancing overall efficiency in the DMU requires
optimal technical efficiency. However, technical efficiency becoming optimal in the decision-making
unit does not ensure overall efficiency optimization. In some cases, a DMU is limited on controlling
inputs, making it difficult to determine the unit cost of inputs, which in turn causes difficulties
in determining overall efficiency and allocative efficiency. Therefore, technical efficiency generally
measures only performance of the DMU and so is used to evaluate the quality performance index of
tourism service in this study.



Sustainability 2018, 10, 1866 5 of 14

3.1. CCR Model

The CCR model is the basic DEA model. This model is an efficient evaluation model for multiple
inputs and outputs, and the evaluation unit has constant returns to scale in assumptions and draws an
isoquant from appraisal earnings to find the evaluated unit’s maximum output efficiency. This forms
the efficient frontier, which is used to assess organization efficiency from DMUs.

3.2. BCC Model

Banker, Charnes, and Cooper (1984) [56] modified the BCC model with fewer restrictions on
constant returns of scale. The BCC model measures not only production efficiency (PE), but also
technical efficiency (TE) and scale efficiency (SE).

Selection of a DEA model is based on the purposes of analysis for user needs and the properties of
input and output items. User analysis purposes should consider the goals of efficiency/effectiveness,
static/comparative static, and improve/forecast. Efficiency is the relationship between inputs and
outputs; therefore, general DEA can assess efficiency. Technical efficiency, scale efficiency, congestion,
and the allocation efficiency model explain the efficiency evaluation results from diverse points of
view for overall analysis. Chang, Hwang, and Cheng (1995) [57] proposed performance improvement
as the goal for analyzing performance; therefore, the DEA model must input 1 instead.

Decision makers control input and output variables, divided into controllable variables and
uncontrollable variables. In a typical input-output DEA model, decision makers assume the input and
output variables. If input and output variables are exogenous, decision makers cannot control them
and improve their values.

3.3. DEA Mathematical Programming Formulation

DEA describes the empirical evaluation of the relative efficiency of a DMU based on
S (Xj, j = 1, 2......, s) inputs and M (Yi, i = 1, 2......, m) outputs. To estimate for DMU-K, Vj and Ui
represent output í and input j as the unknown weight for calculating the ratios of inputs and outputs
to determine efficiency. Input-oriented and output-oriented are used to estimate the efficiency of each
unit. The following shows the empirical input-oriented model to evaluate efficiencies of DMUs:

Model 1:

Max hk =

m
∑

i=1
UiYik

s
∑

j=1
VjXjk

Subject to:
m
∑

i=1
UiYik

s
∑

j=1
VjXjk

5 1, Ui = 0, Vj = 0

(i = 1, 2, 3, . . . . . . m; j = 1, 2, 3, . . . . . . s; k = 1, 2, 3, . . . . . . n).

Here,
K DMU
hk relative efficiency of DMU
Yik i output of kth DMU
Xjk k output of jth DMU
Vj, Ui weight of i output of kth DMU and k output of jth DMU

Because it is difficult to solve nonlinear programming in fraction programming having an infinite
context, the denominator of the fraction is set to “1” and substituted into the constraints and converted
into a linear programming model, as follows:
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Model 2:

Max hk =
m

∑
i=1

UiYik

Subject to:
s
∑

j=1
VjXjk = 1

m
∑

i=1
UiYir −

s
∑

j=1
VjVjr 5 0

Ur = ζ > 0, Vi = ζ > 0
(i = 1, 2, 3, . . . . . . m; j = 1, 2, 3, . . . . . . s; k = 1, 2, 3, . . . . . . n).

Under this assumption, the CCR model measures the relative efficiency of returns to scale
under constant scale efficiency. Considering the technical efficiency of DMUs, this scale efficiency
is not suitable for the CCR model. Therefore, Banker et al. (1984) [56] revised the CCR model.
They substituted the Uk item into the CCR model and production function eliminating the need to
pass through the original point for the developed BBC model to measure technical efficiency and scale
efficiency. The BCC model is divided into inputs and outputs oriented to the relative performance of
“Inputs oriented” DMUs shown below:

Max hk

m

∑
i=1

UiYik−Uk

Subject to:
s
∑

j=1
VjXjk = 1

m
∑

i=1
UiYik −

s
∑

j=1
VjXjk −Uk 5 0

Ui = ζ > 0, Vi = ζ > 0
(i = 1, 2, 3, . . . . . . m; j = 1, 2, 3, . . . . . . s; k = 1, 2, 3, . . . . . . n).

Here,
k DMU
hk relative efficiency of DMU
Yik i output of kth DMU
Xjk k output of jth DMU
ζ Non-Archimedean small number
Vj, Ui weight of i output of kth DMU and k output of jth DMU

According to Uk, we investigated the scale of efficiency in decision units. If Uk = 0,
the production-based scale is constant production efficiency; and if Uk > 0, under the optimal
production environment, production will decrease. If Uk < 0, under the optimal production
environment, production will increase.

3.4. Evaluating Objects

Using DEA to evaluate efficiency, the DMUs should meet Golany and Roll’s Criteria. DMUs
must have the same goals, implement similar work, and operate the same input and output items in
the same market. This research is based on the Tourism Bureau, Republic of China (Taiwan) reports
published in the “2015 Survey of Travel by R.O.C. Citizens” and the “2015 Survey Report on Visitors’
Expenditures and Trends in Taiwan” [58,59]. These indexes of the domestic and international travel
and tourism market in Taiwan were used as research objects, and three input variables and one output
variable, i.e., four variables altogether, met the above conditions for a DMU.



Sustainability 2018, 10, 1866 7 of 14

3.5. Retrieval Performance Indexes

In view of volatility and differences in tourism service quality, its contents and denotations
are difficult to define. Therefore, during the selection of input and output indexes for the model of
tourism service quality evaluation, priority must be given to relatively comprehensive and expressive
indexes. The data of all indicators should be comparable in order to improve the persuasiveness of the
conclusions related to tourism service quality evaluation.

3.6. Selection of Input Indexes

Tourists spend considerable cost and time to obtain the right travel services and products.
Therefore, the index of the tourism service-quality evaluation model includes tourist expenditures and
time spent for tourism service and products. In this study, “average expenditure per person per day”
and “average accommodation cost” were the key indexes for measuring cost, and “average length of
stay” was the key index for measuring time cost, which is explained as follows.

First, the main reason for selecting these two key input indexes “average expenditure per person
per day,” and “average accommodation cost” to measure monetary costs was based on the 2015 Survey
of Travel by R.O.C. Citizens and 2015 Survey on Foreign Tourists’ Consumption and Tendency in R.O.C.
These statistical data measure tourists’ expenditures during the consumption of tourism services and
products using the following statistical indexes: average expenditure per person per day and average
accommodation cost for both domestic and inbound tourists. Considering the differences between the
statistical indexes for sampling surveys between domestic and inbound tourists, therefore, this study
selected “average expenditure per person per day” and “average accommodation cost” as the indexes
in order to ensure the objectivity and accuracy of assessing service quality in the travel and tourism
industry. Second, the “average length of stay” was chosen as the input index for measuring the time
costs based on the statistical data described above for the same reason as that for the input indexes
measuring monetary costs. To conclude, this study selected average expenditure per person per day,
average accommodation cost, and average length of stay as three input indexes for the evaluation of
tourism service quality. These input indexes allowed for a direct comparative analysis of different
tourists to be conducted. Furthermore, a certain correlation exists between all indexes.

3.7. Selection of Output Indicators

The tourism service quality evaluation model assumes that the evaluation of tourism service
quality is a psychological motivation and subjective perception. Therefore, the output index of the
tourism service quality evaluation model should include the psychological expectations tourists have of
tourism service quality and tourists’ perception of actual tourism service quality. However, this study
selected only the tourists’ perception of actual tourism service quality as an output index, and under the
DEA model, tourists’ psychological expectations of tourism service quality were not selected. Selecting
appropriate output indexes includes the following requirements: (1) obtaining the value of each output
in all decision units, with a positive value; (2) the output indexes must reflect the interests of the analysts
and DMUs for assessing the comparative effectiveness of related elements; (3) considering the principle
of efficiency, larger output values are better [26]. Tourists’ psychological expectation of quality service is
difficult to quantify, and subjective measures are difficult to obtain. In summary, tourism service quality
cannot fully meet the three requirements of tourist psychological expectations; therefore, this study
referred to the 2015 Survey of Travel by R.O.C. Citizens and the 2015 Survey on Foreign Tourists’
Consumption and Tendency in R.O.C. published by Tourism Bureau, Ministry of Transportation and
Communications (2015) [58] to evaluate tourists’ overall satisfaction (%) with tourism services and
products provided in Taiwan based on traveling convenience (convenient transportation to Taiwan,
convenient transportation within Taiwan, convenient customs clearance process, convenient access
to traveling information, and convenient communication facilities), internalization of the tourism
environment (friendly attitudes among Taiwanese citizens, good verbal communication in the traveling
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environment, and ease of understanding road signs and public facilities announcements), and safety
of the environment (good public security, safe accommodation facilities, safety of recreational facilities,
and good food hygiene). Tourists’ perceived satisfaction with tourism service quality was set as the
output index.

4. Results

According to the statistical data issued by Tourism Bureau, Ministry of Transportation and
Communications (2015) [58], 10,439,785 tourists came to visit Taiwan in 2015; this number hit
a new record, being 5.34% higher than the 9,910,204 travelers in 2014. The number of tourists
and growth rate for the four main sources of tourists were as follows: China—4,184,102 (4.94%),
Japan—1,627,229 (−0.46%), Hong Kong and Macao—1,513,597 (10.02%), and South Korea—658,757
(24.84%). Furthermore, the number of foreign and domestic tourists in Taiwan reached 178,524,000,
marking a 14.25% growth as compared to the year 2014. The average number of travel trips per person
in Taiwan was 8.50 (higher than 7.47 in 2014). As Dyson et al. (2001) [60] suggested, the number of
DMUs has to be at least 2* (number of input items * number of output items) to achieve a reasonable
level of discrimination. Four variables were used in this study, including three input variables (average
expenditure per person per day, average lodging expenditure, average length of stay) and one output
variable (overall satisfaction with travel services) as seen in Table 1. Moreover, six DMUs were
estimated in this study, including “domestic tourists,” “tourists from Japan,” “tourists from Mainland
China,” “tourists from South Korea,” “tourists from Hong Kong and Macau,” and “tourists from
other countries.”

Table 1. The input and output data.

Efficient Decision-Making Domestic
Tourists

Tourists
from
Japan

Tourists from
Mainland

China

Tourists
from South

Korea

Tourists from
Hong Kong
and Macau

Tourists
from Other
Countries

Input
index

Average expenditure per
person per day $44.12 $227.59 $227.58 $207.78 $184.76 $207.87

Average accommodation
cost $55.90 $97.32 $43.67 $92.20 $69.49 $67.02

Average length of stay 1.44 nights 4.42 nights 7.55 nights 4.18 nights 4.06 nights 6.63 nights

Output
index

Overall satisfaction with
travel services (traffic,

entertainment, shopping)
97.4% 90.6% 98.7% 73.3% 93.4% 97.0%

Note: $ means US dollar.

The DEA model assesses the relative efficiency between efficiency values rather than absolute
values of DMUs; efficiency values closer to 1 express higher relative efficiency value. To calculate
technical efficiency, this study used DEA-SOLVER software and the CCR model. This study used
the BCC model to calculate simple technical efficiency in DMUs and scale efficiency. The tourism
industry input items were maximized or minimized depending upon whether the input variables
were used efficiently in the investment year through simple technical efficiency. Through scale
efficiency, the yearly output and input ratios in the tourism industry were appropriate to achieve
maximum productivity.

The results in Table 2 show that for domestic tourists, other foreign visitors (i.e., not Japanese,
South Korean, Chinese, and Hong Kongers and Macanese), θ < 1,000,000 of South Korean tourists,
Japanese tourists, and Chinese tourists, and S−j 6= 0, j = 1,2,3, S+

i 6= 0, which is neither a weak
nor highly efficient DEA. That is, the tourism service quality in Taiwan did not satisfy all tourists.
The smaller value of θ present in tourism service quality satisfaction for tourists decreased. Tourists
in θ < 1,000,000 would proportionately reduce their consumption of tourism services and products.
However, improving tourism services through quality control can improve tourist satisfaction.
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Table 2. Performance analysis.

Decision-Making Unit (DMU) θ S−1 S−2 S−3 S+3
Domestic tourists 0.908 0 116.755 0 0

Tourists from Japan 0.527 709.565 0 0 1.673

Tourists from Mainland China 0.864 7032.656 274.336 0 3.966

Tourists from South Korea 0.473 0 0 0 19.454

Tourists from Hong Kong and Macau 0.815 6732.256 102.275 0 2.874

Tourists from other countries 0.746 5036.165 60.393 0 0

Note: S−ik means the slack variable of input index; S+
rk means the surplus variable of output index; θ means the

estimated DMU of the reduced percentage of the all inputs.

The evaluation model constructed in this study treats tourists as DMUs, and quantitatively
analyzes the relationship between inputs and outputs through their consumption of products
and services. Because output decisions are based on inputs, the analyses of the empirical results
demonstrate that the best focus is on the consumption process input. Analyzing input cost,
the difference between tourist groups is more obvious, and this phenomenon directly affects their
perception of actual tourism service quality.

Among domestic tourists, the surplus input is in tourism services and products spending in the
tourism industry per person per day. S−2 = 116.755, indicating that the average spending per domestic
traveller per day is not efficient, but it can be reduced proportional to the cost, with the same quality
of services and products as the tourism industry currently offers. Compared with domestic tourists,
all foreign tourist spending on products and services is not ideal. Among all foreign tourists, the θ

value averages (θ = 0.746), and is below 1 for each tourist nationality: Korean, θ = 0.473; Japanese,
θ = 0.527; Hong Kongese and Macanese, θ = 0.815; Chinese, θ = 0.864. The lower the θ value, the lower
the satisfaction with service quality efficiency in Taiwan.

The θ values for Hong Kongese and Macanese tourists and Chinese tourists are between 0.8 and
1, with higher input efficiency, compared with those of tourists from other countries. The θ value
range between tourists from other countries and Chinese tourists is small, which indicates a similar
evaluation of satisfaction efficiency for service quality, and a similar residual amount of input costs.
Excess variables in Chinese tourists are S−1 = 7032.656, S−2 = 274.336, and S−3 = 0, and for Hong Kongese
and Macanese tourists such variables are S−1 = 6732.256, S−2 = 102.275, and S−3 = 0, indicating that
average accommodation cost and average expenditure per person per day are not high, which could
reduce cost but obtain the same quality of services and products based on the percentage of θ values.
The θ value of Japanese tourists is lower than the θ values of tourists from other countries and Chinese
tourists, and higher than only that of Koreans. The low θ value of Japanese tourists is mainly due to
low efficiency on their investment in average accommodation cost. The excess variable of Japanese
tourism is S−1 = 709.565. The θ value of South Korean travellers is the lowest, indicating that their
evaluation of tourism services quality in Taiwan expresses the most dissatisfaction. The θ value of
Korean tourists = 0.473, S−1 = 0, S−2 = 0, S−3 = 0, S+

3 = 19.454. Compared to other travellers, their input
efficiency is not high because service quality in Taiwan does not meet their needs.

South Korean, Japanese, Hong Kongese and Macanese and Mainland China tourists all paid
a higher proportion of expenses with dissatisfaction for transportation, entertainment, and shopping
in the Taiwan tourism industry. However, the output efficiency for Japanese (S+

3 = 1.673), Hong
Kongese and Macanese (S+

3 = 2.874) and Chinese tourists (S+
3 = 3.966) is high. Input and output

asymmetry directly affects the overall perception of products and services and causes foreign travellers
to give a dissatisfied evaluation of service quality and technical efficiency provided by the Taiwanese
tourism industry.

In sum, by employing DEA of the CCR model and BCC model, the empirical analysis of estimation
of the technical efficiency (TE) revealed the following: (1) The average score of TE for domestic tourists
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is 0.908, which is quite efficient, indicating that the overall domestic tourism market is competitive,
but there is still room for improvement of tourism services; (2) Mainland Chinese tourists had the
highest score (TE score = 0.864) among all foreign tourists, followed by Hong Kong and Macau tourists
(TE score = 0.815), tourists from other countries (TE score = 0.746), Japanese tourists (TE score = 0.527),
and Korean tourists (TE score = 0.473). Above assessment results show that the overall satisfaction
with travel services perceived by inbound tourists in Taiwan is not efficient; and (3) The results
demonstrate that South Korean tourists spent a higher proportion of money on travel expenditure
(with a total of $299.98 per person) than others, but felt less satisfaction (73.3%) with travel services
(traffic, entertainment, and shopping) which can be regarded as inefficient; conversely, tourists from
other countries had lower travel expenditure (except for Japanese tourists), but had higher satisfaction
levels, which was considered efficient based on input and output index.

5. Conclusions and Suggestions

5.1. Conclusions

Service quality is regarded as a critical dimension that affects customer perceived value and
loyalty [45]. This study used DEA to evaluate the efficiency of the input and output indicators among
domestic and inbound tourists to provide information or reference for enhancing tourism service
quality based on the empirical results. Understanding tourists’ perceptions of service quality and
satisfaction can be important in helping tourism industries identify weaknesses and deficiencies and
develop strategies for improvements. This case study demonstrate the application of DEA to estimate
Taiwan tourism service quality in which the asymmetric inputs and outputs indicators could predict
tourists’ overall satisfaction with service quality. Based on the findings, there is still need for improving
the efficiency of the input and output index among inbound tourists (particularly the South Korean
and Japanese tourists). It is suggested to seek a balance between costs and satisfaction based on the
efficiency of the input and output index. Customer-oriented service quality is necessary for Taiwan
tourism organization that desires to better understand its targeted tourists and effectively manage
a tourist service. The case study specially established the models of DEA to connect tourists’ traveling
cost and their satisfaction of tourism service quality. Compared to most research adopting DEA models
with the data only from suppliers of the industry, this study supports the offerings of public/private
tourism services to increase tourists’ satisfaction and to enhance tourists’ traveling efficiency through
improving the quality of tourism services. The offerings, for instance, could enhance tourism service
quality by providing employee training programs for serving South Korean tourists or providing
traveling information using Korean, both of which could improve South Korean tourists’ satisfaction
and their traveling efficiency. To improve tourists’ perceptions of the tourism service quality, tourism
authorities or policy-makers should set standards to suit the tourists, deliver the tourists’ expected
standard of service among main inbound tourists or countries, and to control, evaluate and review for
quality development and improvement [61] for the future direction of Taiwan inbound tourism.

5.2. Limitations of the Research

DEA is a non-parametric technique, which can be used for evaluating efficiency by considering
several variables simultaneously. Unlike the parametric counterpart, non-parametric techniques do not
rely on assumptions on the distribution of variables, eliminating the requirement for extra constraints.
As an example, regression analysis usually asks for normal distribution of the variables, but there is no
such limitation for the DEA technique. However, some limitations of DEA still need to be addressed in
this study. The first limitation is the selection and adaptation of the variables (indicators). This study
mainly adopted service quality which can be regarded as one means of assessing inbound tourist
service. Second, the efficiency evaluated by DEA is a relative value, rather than an absolute one, leading
to relatively high sensitivity of DEA. For example, compared to regression analysis, an erroneous
outlier could greatly affect the DEA result, but the impact on regression analysis is relatively lower,
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owning to the averaging computation in the regression analysis. Third, the efficiency evaluated by DEA
could be quite different when the scope of the data changes. In contrast, the result of the regression
analysis is relatively consistent as long as random sampling is applied. Last, regression analysis
provides the information on confidence interval which is not available in DEA; control variables
cannot be included to confine the interference factors in DEA. Hence, DEA cannot perform hypothesis
testing alone, as compared to regression analysis that can find the relationship between variables.
However, DEA can be utilized for hypothesis testing by connecting other analysis methods. For
example, the efficiency evaluated by DEA can be considered as a dependent variable; the independent
variables are then included in the model for further regression analysis.

5.3. Future Research

Future researchers should pay attention to the selection of input and output indicators or variables,
the examination of a wider respondent base across other countries, and the measure for reliability
of efficient DMUs. In order to reduce the concern about using only few variables adopted from
secondary data in this study, future studies could evaluate the well-chosen (e.g., service quality of
hotels), representative variable, or integrating variable from different sources to represent tourists’
satisfaction. Moreover, future studies can conduct longitudinal observations and compare data at
different time to gain a better understanding of overall satisfaction with respect to tourism service
quality in Taiwan.
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