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ABSTRACT

Accommodation and catering industry efficiencies have been
widely evaluated from destination, market concentration, and
catering supply chain management perspectives; however, few
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studies have dynamically evaluated the overall accommodation
and catering industry efficiencies under the influence of the inter-
net. Therefore, to go some way to filling this research gap, this
study used catering and accommodation industry data and
related internet data from 31 Chinese provinces from 2012 to
2016 and employed a Dynamic DDF DEA model to evaluate the
catering and accommodation industry efficiencies and the influ-
ence of the rising internet connections. It found that: 1. the over-
all catering and accommodation revenue efficiencies were higher
when the internet connection inputs were considered; and 2.
there were significant catering and accommodation income distri-
bution differences between the eastern, central and western
regions, with higher efficiencies being found in the more devel-
oped east.
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Dynamic DDF DEA
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1. Introduction

Internet access has provided new opportunities for the tourism industry, with data
access now considered as important as labour, capital, and technology. However, few
previous studies have examined the data and internet influences on the catering and
accommodation industry. The Covid-19 pandemic has further highlighted the import-
ance of internet connections to local catering and accommodation industries, and it
is expected that internet connections and data could result in structural supply-side
tourism industry reforms in the near future. The Ministry of Culture and Tourism
recently reported that the coronavirus outbreak in January 2020 and the consequent
pandemic severely impacted China’s tourism and hotel industry. On January 14,
2020, the Chinese mainland hotel occupancy rate was 70%; however, after two weeks
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it had fallen to only 8%. In the following 22 days, the market occupancy rate was less
than 10%, but as the pandemic was slowly brought under control, it recovered slightly
in early March to 14%. During the most severe period of the pandemic, some hotels
closed and 80% closed their online booking channels (The Ministry of Culture &
Tourism, 2021). As the number of new cases fell to zero, many hotels began resuming
operations. However, because of the lack of international tourists and restrictions on
domestic travel, the impact of the pandemic is still being felt by many hotel opera-
tors; therefore, a recovery strategy for the catering and accommodation industry that
includes reforms and innovations is needed as soon as possible.

The Chinese National Bureau of Statistics reported that there was an annual
growth of 15.23% in mainland internet users from 2013 to 2018, with around 800
million people regularly using the internet in 2018. The rapid rise in internet use has
benefitted information reliant industries such as tourism, with online ticket sales of
480.90 billion CNY in 2017, a 27.1% increase on 2016, online train ticket sales of
329.94 billion CNY, an increase of 30.0% over 2016, and online accommodation mar-
ket transactions of 181.94 billion CNY, an increase of 27.3% over 2016.

The ease of accessing information using the internet has resulted in a move away
from traditional tourism industry modes such as travel agencies as potential consum-
ers can easily find travel destination information on the internet. This had also sig-
nificantly reduced the capital investment in businesses and customers, significantly
improving transaction efficiency, user experiences, and customer satisfaction.

These changes have prompted increased research interest in accommodation and
catering industry efficiency evaluations focussed on hotel destinations, length of stay,
destination quality, market concentration, and catering supply chain management
methods; however, these evaluations have tended to examine catering supply chain
management efficiencies rather than overall accommodation and catering industry
efficiencies, and even though data has been recognised as being as important as
labour, capital, and technology, there have been few tourism industry efficiency stud-
ies that have included the use of data as a production factor.

Therefore, this paper has four main contributions. First, past literature shows that
electronic technology can affect the operating efficiency of the catering and accom-
modation industry (Matias et al., 2013; Mudie & Vadhati, 2017; Wang et al., 2019;
Yang et al., 2018; Zhao, 2011). Some literatures (Ang et al., 2018; Ashrafi et al,, 2013;
Huang et al., 2012; 2014) did not consider the Internet as an input to analyze operat-
ing efficiency when researched on the catering and accommodation industry. This
study regards the Internet as an input item to analyze operating efficiency to make
up for the deficiencies in the literature of the catering and accommodation industry.
Second, this study takes labour and Internet technology as important indicators, and
analyzing the impact of these indicators on the efficiency of the catering and accom-
modation industry is an important new contribution. Therefore, this research can
provide new perspectives for enhancing the quality and management level of labour
input in China’s catering and accommodation industry. Third, there is no research
on the differences between the eastern and western regions affected by Internet tech-
nology in the relevant literature of the catering and accommodation industry. China
has a vast territory, and economic development in the east and west is subject to
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geographical restrictions. The eastern region has a more superior development basis,
including flat terrain and more convenient transportation. The western region has
complex geomorphology and inconvenient transportation, but it has richer tourism
natural resources and can attract more tourists. Compared with other technologies,
Internet technology has a certain value and significance for the development of
regional catering and accommodation industry. Finally, in terms of methods, the past
literature focussed on static analysis when discussing the operating efficiency of the
catering and accommodation industry, but lacked dynamic analysis. In order to
examine dynamic catering and accommodation industry efficiency changes, a
Dynamic DDF DEA model is employed in this research to evaluate China’s catering
and accommodation industry efficiencies and the influence of the internet connec-
tions from 2012 to 2016 in 31 Chinese provinces/municipalities/autonomous regions.

2. Literature review

This section reviews previous tourism studies based on: tourism industry, catering
industry and economic development; hotel operational efficiencies; and e-technology
applications and hotel operations.

2.1. Tourism industry, catering industry and economic development

Tourism industry associated activities such as accommodation and catering contribute
to social and economic development (Onetiu & Predonu, 2013), alleviate local pov-
erty, and promote productivity (Huang, 2018; Li et al., 2018) and economic develop-
ment (Zhang & Lin, 2018). In China; however, domestic tourism industry efficiency
has been relatively low, with the eastern region efficiencies being generally higher
than those in the central and western regions (Chaabouni, 2019; Song & Li, 2019;
Sun, 2016). The hotel industry in particular has been found to be closely linked to
regional economic development. For example, Yang et al. (2017) examined regional
operational efficiencies in the mainland China hotel industry finding that there were
versatile efficiencies, and Ferrari et al. used a multiplier model to analyse the tourist
consumption impact on the local economy, finding that tourist consumption
increased the demand for regional agricultural and industrial products.

However, the tourism sector is extremely sensitive to external factors. For example,
Huang et al. (2012) found that the 2003 SARS outbreak significantly reduced hotel
efficiency, and Ashrafi et al. (2013) found that as not all major events reduced
Singapore’s hotel industry efficiency, policy makers needed to pay attention to events
such as terrorist attacks and infectious disease outbreaks that could lead to
cancellations.

The catering industry, which is vital to service industry employment and economic
growth, has also attracted significant management research (Banati & Lakner, 2012;
Fusi et al., 2016; Matias et al., 2013; Mudie & Vadhati, 2017; Zhao, 2011). However,
most studies have examined catering industry supply chain management methods
rather than overall catering industry efficiencies.
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2.2. Hotel operational efficiency

Hotel industry efficiencies have been widely examined over time and in different
regions ( Ang et al., 2018; Ashrafi et al., 2013; Huang et al., 2012; Huang et al., 2014;
). For example, Ang et al. (2018) established a self-evaluation model to examine the
group and group cross efficiencies in the Taiwanese hotel industry from 2011 to
2015, and applied a barrel theorem to define the average and worst efficiencies in the
member groups, Huang et al. (2014) studied the catering service efficiencies in 58
Taiwanese international tourism hotels using a modified two-stage model, finding
that the hotel chains, resorts, and hotel catering industries were more efficient, and
Butnaru et al. designed a quality evaluation tourist service indicator and proposed a
global quality tourism service evaluation index based on tourism service providers
and consumers to assess tourism service quality. In a more recent study, Ribaudo
et al. used a Foreign market Per Available Room (FmPAR) index to compare the
sales capabilities in 148 brand hotels in 21 destinations in Italy, and found that the
chain hotel sales capacities were better than the independent hotels, Sainaghi et al.
proposed three tourism and hotel industry performance evaluation categories; effi-
ciency, competitiveness, and productivity, and Zolfani et al’a (2015) proposed that
tourism research could classified based on (1) year of publication, (2) publication
journal, and (3) subject area citations.

The hotel industry efficiency influencing factors in different regions have been
widely examined to determine the impact of environmental factors such as location,
occupancy rate, seasonality, market concentration, length of stay, international tourist
numbers, and tourism resource quality ( Lado-Sestayo & Ferndndez-Castro, Lado-
Sestayo & Ferndndez-Castro, 2019; Sellers-Rubio and Casado-Diaz, Sellers-Rubio &
Casado-Diaz, 2018). For example, Lado-Sestayo and Fernandez-Castro (2019) studied
400 Spanish hotel locations using geolocation, agglomeration, urbanization, economic,
and environmental competition models, and found that while the tourist destination
was the main hotel efficiency determinant, occupancy, seasonality, and market con-
centration also played important roles. With a focus on length of stay, international
tourist numbers, destination quality, and an environmental variable associated with
sunshine and beach tourism characteristics, Sellers-Rubio and Casado-Diaz Sellers-
Rubio and Casado-Diaz (2018) used a two-stage data envelopment analysis(DEA)
method to study Spanish regional hotel efficiencies, finding that the efficiencies were
low, and the environmental variable contributions were significant.

2.3 E-Technology applications and hotel operations

Internet developments have led to major changes in the hotel industry, with online
evaluations in particular being found to significantly impact hotel efficiency, and with
eWOM (electronic word of mouth) becoming an important form of customer expres-
sion. Mariani and Visani (2019) used an eWOW-informed DEA model to test 268
independent hotels in Rome, and found that the introduction of online scoring had
had a significant effect on hotel efficiency, that the number of hotels with increased
efficiencies were lower than the number of hotels with decreased efficiencies. Yang
et al. (2018) concluded that large and medium-sized hotels needed to pay greater
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attention to online ratings, and in a study on the relationships between research
model quality, information quality, service quality, product quality, perceived price,
perceived promotion, perceived value, user satisfaction, reuse intention and eWOM,
Wang et al. (2019) found that perceived value had a greater impact on eWOM.
Research has also evaluated hotel industry efficiency based on online hotel service
factors (Yang et al., 2018). For example, Labanauskaite et al. (2020) surveyed 384 tou-
rists and found that electronic marketing tools were helpful to Lithuania’s tourism
industry, and Secondi et al. used questionnaires and a structural equation model to
analyse the impact of corporate infrastructure, urban infrastructure, tourist mobility
and tourism resources on cultural tourism, find that increasingly more tourists were
using the internet to plan their holidays.

While previous studies have recognised the impacts that electronic technology has
had on the tourism industry, no studies have used DEA methods to examine catering
and accommodation industry efficiency changes when the internet influence was
included, with most previous studies having only examined the effects on catering
industry supply chain management (Banati & Lakner, 2012; Fusi et al., 2016; Matias
et al., 2013; Mudie & Vadhati, 2017; Zhao, 2011). Therefore, to explore the impact of
the internet on catering and accommodation industry efficiencies and illustrate the
important role the internet plays in the modern service industry, this study uniquely
included internet connections as an input item, and compared the efficiency differen-
ces before and after adding the internet connections input item.

3. Research model and method

Data Envelopment Analysis (DEA) has been found to be an effective way to evaluate
priorities in multiple decision-making scenarios. Originally proposed by Farrell
(1957), over time, DEA has been significantly improved. Charnes et al. (1978)
extended Farrell’s theory to include multiple inputs and multiple outputs to develop
the CCR model, after which Banker et al. (1984) incorporated convexity constraints
and adjusted the constant-returns-to-scale to a variable-returns-to-scale to develop
the BCC model. However, as both these models only measured radial efficiency and
assumed that the inputs and outputs proportionally increased or decreased, Tone
(2001) then developed a non-radial slacks-based measure (SBM) to determine opti-
mal efficiency.

As these conventional DEA methods failed to include undesirable outputs, based
on an extension of the output distance function concept in Shephard (1970),
Luenberger (1992) and Chung et al. (1997) proposed a radial directional output dis-
tance function to include both desirable and undesirable outputs under the same pro-
duction basis, thereby allowing for an analysis of the increase or decrease in bad
output. However, because these radial efficiency models ignored the variances in the
variables that could lead to estimation errors, Zhou et al. (2012), Chiu et al. (2012),
Barros et al. (2012), and Zhang and Choi (2013) included non-radial directional dis-
tance functions in their energy and environmental efficiency analyses.

Dynamic analysis was first proposed by Kloop in 1985 and was further developed
by Fare et al. (1994) to measure intertemporal efficiency changes. However, as these
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models did not consider the effects of the intertemporal continuation activities, they
were less suitable for long-term efficiency measurements; therefore, Fare and
Grosskopf (1996) proposed a carry-over with cross-linking variables, which was then
used and further evolved by Bogetoft et al. (2008), Chen (2009), Kao (2008), Nemoto
and Goto Nemoto and Goto (1999, Nemoto & Goto, 2003), and Chang et al. (2009),
and in 2010, Tone and Tsutsui (2010) extended the model to dynamic SBM analysis.

3.1. Research model: dynamic DDF DEA

This study used panel data from 31 eastern and western Chinese provinces/munici-
palities/autonomous regions, each of which had economic aggregate, industrial plan-
ning, and energy consumption commonalities. Six variables were then chosen: two
input variables; catering and accommodation industry employees, and internet con-
nections; three output variables; accommodation revenue, food service revenue, and
catering revenue; and one carry-over variable; fixed assets.

Assume that N provinces have two inputs; catering and accommodation industry
employees (L) and internet connections (IC); three outputs; accommodation revenue
(Y), food service revenue (FY), and catering revenue(C); and a fixed assets carry over.
The contemporaneous production technology for group R, at time f, therefore, is
defined as T€ = {(L!, IC, Y, FY',C"): (L',Z', IC') to produce (Y',FY',C")},
with Z' being the carry over and where t =1, ..., T. Following Fire and Grosskopf
(2010), Tone and Tsutsui (2010), Zhou et al. (2012), and Zhang and Choi (2013), the
Dynamic DDF non-radial directional distance function is expressed as;

T
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where n represents the provinces/municipalities, ¢ represents time, and P represents
the direction distance. For efficiency improvements, the input would need to be
reduced and the output increased.

3.2. Efficiency index models

Hu and Wang (2006) total-factor energy efficiency index was used to overcome any
possible biases in the traditional energy efficiency indicators. For each specific eval-
uated province/municipality, the efficiencies for the accommodation and catering
industry employees, internet connections, and accommodation, food service, and
catering revenues were calculated using Equations (2) - (6).

Accommodation/catering employees

_ Target accommodation and catering employee input (i, t) (2)

~ Actual accommodation and catering employee input (i, t)

. Actual internet connections input (i, t)
Internet connections = - — , (3)
Target internet connections input (i, t)

) Actual accommodation revenue output (i, t)
Accommodation revenue = - - (4)
Target accommodation revenue output (i, t)

. Actual food service revenue output (i, t)
Food service revenue = , . (5)
Target food service revenue output (i, t)

Actual catering revenue output (i, t)

(6)

Catering revenue = - -
Target catering revenue output (i, t)

If the target accommodation/catering employee and internet connection inputs
were equal to the actual inputs, then the efficiencies equalled 1, indicating overall effi-
ciency; however, if the target accommodation/catering employee and internet connec-
tion inputs were less than the actual inputs, then the inputs were less than 1,
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indicating overall inefficiency. If the target accommodation revenue, food service rev-
enue, and catering revenue outputs were equal to the actual accommodation revenue,
food service revenue, and catering revenue outputs, then the efficiency outputs
equalled 1, indicating overall efficiency; however, if the actual accommodation rev-
enue, food service revenue, and catering revenue outputs were less than the target
outputs, then the efficiency was less than 1, indicating overall inefficiency.

4, Data, index definition and statistical analysis
4.1. Input output indicators

The research model indicators were divided into input indicators and output indica-
tors to study the impact on the catering and accommodation industry efficiencies in
the 31 Chinese provinces, the descriptions for which are given in the following.

Inputs:

Accommodation/catering employees: Total number of employees working in the
accommodation and catering industries in each province/municipality/autonomous
region: unit: person

Internet connections: The total internet broadband users in each province/munici-
pality/autonomous region: unit: person

Outputs:

Accommodation revenue: hotel and tourist resort accommodation revenue:
unit: CNY

Food service revenue: revenue from the accommodation industry catering busi-
nesses: unit: CNY

Catering revenue: Total catering industry revenue: unit: CNY

The data for this study were extracted from the China National Economic
Statistics Yearbooks and the provincial/municipality/autonomous region Economic
Statistics yearbooks.

4.2, Statistical index analyses

The basic overall statistical analyses of the input and output indicators from 2012 to
2016 indicated that the maximum, minimum, and average accommodation and cater-
ing industry labour inputs were constant from 2012 to 2014, then declined, and the
maximum, minimum, and average internet connections in mainland China continued
to rise, with significant increases after 2014. The accommodation industry and the
catering industry maximum, minimum, and average income indicators decreased sig-
nificantly from 2012 to 2014, slowly recovered after 2015 and increased significantly
in 2016.

5. Results and analysis
5.1. Total efficiency analyses

The total efficiencies in the 31 Chinese provinces/municipalities/autonomous regions
were calculated with and without the internet connection input variable (Table Al
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see Appendix). When the internet connection input was not included, only Shanghai
had a total efficiency of 1 in each year, with Beijing, Fujian, Hainan, Shandong and
Zhejiang having total efficiencies over 0.6, and Beijing’s reaching 1 in several years.
In 2013 and 2014, Guangdong, Hunan, Jiangsu, Liaoning and Sichuan achieved over-
all efficiencies between 0.4 and 0.6, but only Hunan and Liaoning had efficiencies
above 0.5. The overall efficiencies in the remaining provinces were low in all five
years, especially in Heilongjiang, Qinghai and Tibet. The overall efficiencies in most
provinces showed small upward trends, with the largest being in Shandong from 0.7
in 2012 to 0.8 in 2016. Beijing, Fujian, Hainan, Jilin, and Sichuan had fluctuating
small downward total efficiency trends, with Beijing experiencing the largest fall from
0.98 in 2012 to 0.94 in 2016.

When the internet connection input was included, the overall catering and accom-
modation industry revenue efficiencies were higher, with Shanghai, Beijing and
Hainan all having total efficiencies of 1 in all years, most other provinces having
higher efficiencies, and Tibet’s improving significantly. However, when the internet
connection input was not included, Chongqing, Gansu, Ningxia, Qinghai, and Tianjin
had upward trending overall catering and accommodation industry efficiencies, but
when the internet connection input was included, these five provinces and municipal-
ities had downward trends, indicating that the catering and accommodation industry
management had been unable to fully harness the benefits of the increased internet
connections in these provinces.

The catering and accommodation industry income distribution had a clear east to
west distribution, with the more developed coastal regions in the east tending to have
higher efficiencies with and without the internet connection input. The catering and
accommodation industry income efficiencies in Beijing and Hainan appeared to have
benefitted most from the internet, possibly because both have rich tourism resources
and large tourist inflows. However, while the internet connection growth resulted in
downward overall catering and accommodation industry efficiency trends in some
regions, the absolute overall efficiencies were still higher when the internet connec-
tion input was included.

5.2. Input-output index efficiency analysis

A comparison efficiency analysis was conducted for each input-output indicator with
and without the inclusion of the internet connection input.

5.2.1. Employee efficiency

Table A2 (see Appendix) compares the accommodation and catering employee effi-
ciencies with and without the internet connection input. When the internet connec-
tion input was not included, the accommodation and catering employee efficiencies
varied greatly, with only Shanghai’s efficiency being 1 in all years. Beijing’s employee
efficiency was 1 in 2013 and 2014 and high at 0.99 and 0.97 in the other years, and
Fujian, Hainan, Shandong and Zhejiang had employee efficiencies mostly above 0.8.
Guangdong, Hunan, Jiangsu, Liaoning, Shaanxi and Sichuan had catering employee
efficiencies higher than 0.5 in most years, but Sichuan’s efficiency was only 0.51 in
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2015, Liaoning’s was less than 0.50 from 2012 to 2013, and Shaanxi’s was lower than
0.5 in 2014 and 2015. The employee efficiencies in the remaining provinces/munici-
palities/autonomous regions were all below 0.5, with most being between 0.3-0.5,
except for Heilongjiang, Inner Mongolia, Jilin, Ningxia, Qinghai, Shanxi, Tianjin,
Tibet and Yunnan, which were all below 0.3 in most years. Overall, however, the
employee input efficiencies in most provinces/municipalities/autonomous regions had
upward trends.

When the internet connection input was included, the employee input efficiencies
increased in most years in most provinces/municipalities/autonomous regions, with
the efficiencies in Beijing and Haikou being 1 in all years, improving in the three
years from 2014 in Hubei, and increasing significantly from 2013 to 2016 in Tianjin,
indicating that the internet connections were having positive effects. However, while
the inclusion of the internet connection input led to employee efficiency falls in
Chongqing, Qinghai, and Shaanxi in 2012 and 2013, the efficiencies were higher in
the other years.

Table A3 (see Appendix) show that the internet connection input efficiencies var-
ied significantly. Only Beijing, Hainan, and Shanghai had internet connection input
efficiencies of 1 in all years, with Fujian, Guangdong, Hunan, and Zhejiang having
internet connection input efficiencies above 0.6; however, the internet connection
input efficiencies in the remaining provinces fell below 0.6 over the years, with the
efficiencies in Anhui, Hebei, Heilongjiang, Inner Mongolia, Jilin, Ningxia, Qinghai,
Shanxi and Xinjiang all being below 0.4.

The internet connection input efficiencies appeared to be related to the provincial
economic development situations, with the lower-ranked, less developed central and
western provinces and autonomous regions tending to have lower internet connection
input efficiencies (see Table A3 in Appendix). Only Beijing, Hainan and Shanghai
had maximum internet connection input efficiencies, indicating that the inclusion of
this input could boost efficiency. However, as this was only obvious in the more
developed regions, in the more economically backward regions, other relevant infra-
structure development should be considered first.

5.2.2. Accommodation, food service, and catering revenue efficiencies

Table A4 (see Appendix) shows that when the internet connection input was not
included, the accommodation revenue efficiency was 1 only in Shanghai; however,
Beijing and Hainan’s efficiencies were higher than 0.8. In most other provinces, the
accommodation revenue efficiencies were between 0.6 and 0.8, but were below 0.6. in
Anhui, Hebei, Inner Mongolia, Ningxia and Shanxi.

When the internet connection input was included, Shanghai, Beijing and Hainan
all had accommodation revenue efficiencies of 1, indicating that the internet input
had had a significant effect. However, the accommodation revenue efficiencies in
most other provinces/municipalities/autonomous regions only marginally increased
when the internet connections input was considered.

Table A5 (see Appendix) shows the food revenue efficiencies when the internet con-
nection input was and was not included. When it was not included, Shanghai had a food
revenue efficiency of 1 in all years, Beijing’s was 1 in 2013 and 2014 and above 0.9 in the
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other years, Fujian, Hainan, Shandong, and Zhejiang’s were higher than 0.8, and in all
other provinces, was above 0.6, with Tibet’s being the lowest at 0.62-0.65. When the
internet connection input was included, the food service revenue efficiencies in Shanghai,
Beijing and Hainan were 1, with the rankings in the other provinces changing signifi-
cantly; in particular, Chongqing’s food service revenue efficiency ranking rose from 19 to
12, Inner Mongolia’s rose from 25 to 20, and Guizhou’s rose from 16 to 13.

Table A6 (see appendix) shows the catering revenue efficiencies and rankings with
and without the internet connection input. When the internet connection input was
not considered, only Shanghai had a five-year catering revenue efficiency of 1, with
Beijing’s rising sharply in 2013 from 0.76 to 1 in 2013 and 2014, and then quickly
falling back to 0.76 in 2015; however, the catering revenue efficiencies in the other 29
provinces/municipalities/autonomous regions were relatively low and stable, with only
Chongging and Tianjin having efficiencies above 0.6. When the internet connection
input was considered, the catering revenue efficiencies in Shanghai, Beijing and
Hainan were 1 in all years and there were some significant ranking changes. For
example, Shandong’s ranking dropped from 7 to 15 and Zhejiang, Shanxi, Liaoning
and Anhui all dropped seven places. Nine provinces/municipalities/autonomous
regions experienced significant ranking rises, with Tibet in particular rising from 31st
to 10th, which indicated that internet developments had had a significant impact on
catering revenue efficiency developments in Tibet.

Opverall, the influence of the internet appeared to have positive but variable effects
on the accommodation, food service, and catering revenue efficiencies. For example,
in Tianjin, Qinghai and Tibet, the inclusion of the internet connection input resulted
in a decrease in accommodation revenue efficiencies, but an increase in Tianjin’s
catering revenue efficiency from 0.70 to 0.76. The internet impact appeared to be
greater in provinces/municipalities/autonomous regions that had more significant
tourism resources, such as Beijing and Hainan, and smaller in provinces such as
Qinghai and Tibet, which have significant folk tourism resources but very poor
resource development and infrastructure. Therefore, the increasing internet connec-
tions were not found to result in significant improvements in local efficiencies as it is
necessary to consider other support measures. Nonetheless, it could be surmised that
over time, increasing internet connections could have a significant positive impact on
tourism input and output efficiencies.

5.3. Limitations

Unfortunately, due to delays in accessibility to official data in China, complete match-
ing data was only available from 2012 to 2016, which limited the timeliness of our
research. Future research plans to expand the data and conduct more in-depth real-
time data analysis.

6. Conclusions and policy recommendations

This paper used a Dynamic DDF DEA model to analyse the internet connection
input effects on the catering and accommodation industry efficiencies in 31



960 Y. LI ET AL.

provinces/municipalities/autonomous regions in China from 2012 to 2016. When the
internet connection input was considered, the overall efficiencies in all provinces/
municipalities/autonomous regions were found to be higher and the need for changes
in some provinces and regions highlighted. For example, the catering and accommo-
dation efficiencies in Chongqing, Gansu, Ningxia, Qinghai, and Tianjin were trending
downward when the internet connection input was considered, which indicated that
catering and accommodation development changes were needed to ensure that the
local industry was harnessing the full power of the internet.

The catering and accommodation industry revenue distribution had high east and
low west characteristics, with the eastern, more developed, coastal area provinces
being more positively affected by the internet connection input. Except for Tibet,
Chongqing, Qinghai, and Shaanxi, while the accommodation and catering employ-
ment efficiencies increased in most years in most regions when the internet connec-
tion input was included, the internet connection efficiencies varied greatly, with only
Beijing, Hainan and Shanghai having efficiencies of 1 and Fujian, Guangdong,
Hunan, and Zhejiang having efficiencies above 0.6.

The accommodation, food service and catering revenue efficiencies varied when
the internet connection input was considered. The accommodation revenue efficien-
cies in Shanghai, Beijing and Hainan were 1, but in most other provinces/municipal-
ities/autonomous regions, were between 0.6 and 0.8, with Anhui, Hebei, Inner
Mongolia, Ningxia, and Shanxi’s being below 0.6. The food service revenue efficien-
cies in Shanghai, Beijing, and Hainan were 1 in all years and generally increased in
all other provinces and regions, and the catering revenue efficiencies were relatively
stable with no obvious change trends regardless of whether the internet connection
input was considered.

Overall, therefore, the accommodation industry and the catering industry efficien-
cies tended to reflect the economic development levels in each region, with the lower
ranked provinces being in the less developed mid to western provinces. Only
Shanghai achieved optimal efficiency, and when the internet connection input was
considered, only Beijing, Hainan and Shanghai achieved perfect overall efficiency.

6.1. Policy recommendations

The inclusion of the internet connection input in the analysis resulted in increased
efficiencies in most provinces/municipalities/autonomous regions, most noticeably in
Tibet and Hainan, which indicated that the increase in internet connections had had
a significant impact on the economic development in these less developed areas.
However, as the overall and individual index efficiencies in the western region did
not increase significantly, this implied that accommodation and catering industry
designs based on local resource advantages and centred on service and quality were
needed, which prompted the following policy recommendations.

First, in parallel with labour, capital, and technological improvements, all regions
need to adjust their industrial economic structures to take advantage of internet tech-
nology, improve resource efficiency, and promote continued tourism industry develop-
ment. To ensure increased tourism governance efficiency, information transparency,
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and customer service, internet technologies need to be strengthened, which in turn will
strengthen enterprise competition and encourage better service, dining, and accommo-
dation quality.

Second, to enhance service offerings and increase information acquisition, business
transactions, and communication to better meet client needs, accommodation and
catering industries need to fully harness the power of the internet to improve local
industries. As large regional accommodation and catering industry efficiency differen-
ces were observed between the more developed eastern regions and the western
regions, the less developed western regions need to improve their internet technolo-
gies and tourist resources to motivate local accommodation and catering industry
development.

Third, to strategically transform the tourism sector, national, regional, and local
efforts are needed to build a comprehensive integrated Chinese tourism internet facil-
ity and ensure the integration of the internet and associated communication technol-
ogies into traditional tourism industry functions.

Finally, to increase tourism information, protect consumers, improve tourist man-
agement systems, and develop specific tourist talents, inter-industry tourism sector
integration needs to be promoted. This study found that China’s tourism industry is
still in its initial developmental stages and therefore further government assistance
and guidance is needed to expedite further innovations.
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Table A3. Internet connections input efficiencies.

2012 2013 2014 2015 2016 Average Ranking
Anhui 0.3187 0.3175 0.1929 0.4107 0.3838 0.3247 25
Beijing 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1
Chongqing 0.5897 0.5594 0.4428 0.4839 0.5112 0.5174 10
Fujian 0.8613 0.8392 0.6578 0.6946 0.6252 0.7356 4
Gansu 0.4856 0.4596 0.4173 0.4324 0.3611 0.4312 19
Guangdong 0.6397 0.6386 0.6136 0.6539 0.6545 0.6400 7
Guangxi 0.4650 0.4643 0.3784 0.3756 0.3385 0.4044 22
Guizhou 0.5174 0.4980 0.3323 04191 0.4224 0.4378 16
Hainan 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1
Hebei 0.3409 0.3248 0.2922 0.2652 0.2383 0.2923 28
Henan 0.5217 0.5050 0.4727 0.4743 0.4473 0.4842 15
Heilongjiang 0.1868 0.1864 0.2202 0.2422 0.2228 0.2117 31
Hubei 0.4129 0.3961 0.4354 0.4344 0.4244 0.4206 21
Hunan 0.6764 0.6747 0.6373 0.6813 0.6012 0.6542 6
Inner Mongolia 0.3673 0.3484 0.4104 0.3807 0.3634 0.3740 23
Jilin 0.3015 0.3002 0.3471 0.2919 0.2794 0.3040 27
Jiangsu 0.6045 0.6029 0.4678 0.4584 0.4363 0.5140 1
Jiangxi 0.5230 0.5035 0.3600 0.3970 0.3782 0.4323 18
Liaoning 0.3591 0.3524 0.5357 0.5173 0.3870 0.4303 20
Ningxia 0.3774 0.3564 0.3527 0.3256 0.3047 0.3433 24
Qinghai 0.3227 0.3018 0.2746 0.2258 0.2310 0.2712 30
Shandong 0.5362 0.5369 0.4719 0.4462 0.4431 0.4869 14
Shanxi 0.3127 0.3112 0.3133 0.2734 0.2456 0.2912 29
Shaanxi 0.6471 0.6210 0.5325 0.5249 0.5524 0.5756 8
Shanghai 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1
Sichuan 0.6027 0.6016 0.4329 0.4178 0.4114 0.4933 13
Tianjin 0.5558 0.5201 0.5287 0.4643 0.4239 0.4985 12
Tibet 0.6543 0.6246 0.5017 0.4712 0.4306 0.5365 9
Xinjiang 03172 0.3110 0.3251 0.3347 0.3177 0.3212 26
Yunnan 0.4770 0.4696 0.4054 0.4105 0.4132 0.4351 17
Zhejiang 0.8396 0.8402 0.6236 0.6055 0.5871 0.6992 5

Source: Authors.
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