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The outbreak of the COVID-19 pandemic has imposed substantial impacts on the global hotel

industry. This study employed a two-tier stochastic frontier model to investigate the

dynamics of transaction information distribution within the tourist hotel lodging prices in

Taiwan from July 2019 to November 2020. The primary objective was to analyze the dis-

parities in price information between consumers and hoteliers before and after the outbreak

of COVID-19. Empirical findings reveal a notable reduction in the divergence of lodging price

information between consumers and hoteliers post the COVID-19 outbreak, particularly in

metropolitan areas. The shift in consumer group structures within hotel operations induced

by the pandemic has, in turn, exerted an influence on the pricing strategies adopted by

hoteliers. The empirical results underscore that the outbreak of COVID-19 has contributed to

a more transparent and comprehensive market price information environment, consequently

diminishing the asymmetry in information between hoteliers and consumers.
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Introduction

One of the main differences between pricing strategies in
traditional offline and online retail channels is the
implementation of price discrimination (Brynjolfsson and

Smith 2000). As one of the mainstream strategies of marketing
administration, price discrimination provides different prices for
different consumer groups with specific attributes, characteristics
or price information (Narasimhan 1984; Barron et al. 2004;
Syverson 2007), and leading to price dispersion. The emergence of
countless online channels in a number of service industries has
proven the success of price discrimination strategy, such as cruise
lines (Petrick 2005 years; Langenfeld and Li 2008), airlines
(Giaume and Guillou 2004; Brunger 2010), and hotels (Law et al.
2007; Pan 2007). The price discrimination strategy of a company
has a direct influence on its competitiveness in the market, thereby
affecting sales, revenue, and market share (Kimes and Wirtz
2003). The characteristics of the hotel industry, such as non-
storability, inelastic supply, and quasi-fixed investment, make
managers use price discrimination to maximize profits in deal
with multiple online and traditional offline markets (Shriver and
Bollinger 2022), which results in price dispersions within and
across distribution channels (Kim et al. 2014). In reality, the set-
ting of hotel lodging price reflects the degree of competition in the
market; if different transaction prices occur in the consumption
behavior of the same type of guest room, it shows that buyers and
sellers have asymmetry in the perception of commodity infor-
mation. In other words, when market information is insufficient,
room providers or hoteliers may offer unfair prices due to market
information barriers; consumers may also spend higher expendi-
tures on housing services due to insufficient information, and both
supply and demand face information tax due to information
asymmetry (Osborne 1990).

Since the outbreak in late 2019, COVID-19 has become a
global pandemic and caused a qualitative change in society and
the economy (Avdiu and Nayyar 2020; Wiersinga et al. 2020,
Aigbedo 2021). In order to slow down the spread of inflection,
many countries have made wearing masks mandatory and keep
the social distance for their citizens not only in the closed public
spaces but also in the open areas (Tobol et al. 2020). In addition,
countries also require foreign travelers to undergo isolation
inspections when entering the country. However, while prevent-
ing the spread of COVID-19, the government is also facing how
to carry out economic activities to maintain social operations.
While preventing the pandemic from abroad and the spread of
the domestic epidemic, the government is not as strict on the
migration of domestic residents as the entry of foreign travelers.
COVID-19 has suppressed the economic activities of various
countries, causing most countries in the world to face an eco-
nomic recession. As a labor-intensive service industry, traditional
tourism provides a large number of jobs and creates a lot of
wealth for local people and the country. With the COVID-19
epidemic, tourism has been hit hard and the economy and
employment have suffered huge losses. According to UNWTO
(2022), a billion fewer international tourists, a loss of $1.3 trillion
in total revenue from international tourism exports, and between
100 million and 120 million direct tourism jobs are at risk.

The primary objective of this article is to employ the two-tier
stochastic frontier model (SFA2tier) to examine the distribution
of transaction information in the lodging prices of tourist hotels
in Taiwan. Additionally, we aim to analyze the disparities in price
information between consumers and hotel operators before and
after the outbreak of COVID-19. We selected Taiwan as our
research focus due to its prompt and strict measures taken in
response to the emergence of COVID-19 cases in Wuhan, China
in January 2020. Taiwan implemented immediate border closures
and imposed rigorous isolation and medical checks for incoming

individuals. This stringent entry screening effectively prevented
the entry of COVID-19 cases, and any confirmed cases in the
country received proper care and treatment. Consequently, Tai-
wan did not undergo the urban closures or migration restrictions
witnessed in European and American countries throughout 2020.
The domestic tourism industry is still operating normally. As of
the end of January 2021, the cumulative number of confirmed
COVID-19 cases across Taiwan has reached only 907 cases.1

After the epidemic gradually becomes serious after March 2021,
and before strict control is implemented in May, Taiwan is sui-
table to be a research object and analyze the impact of the
COVID-19 pandemic under the normal operation of the tourism
industry during the period 2019–2020.

In the digital era, buying and selling in tourism are easily
accomplished in a completely electronic environment. The
application of digital technology makes it easier to verify the
identity of transacting parties and gain knowledge of reputations.
They make it easier to communicate and accomplish the
retracting of exchanges (Colin et al. 2015). Because of the low
costs of switching a supplier over the Internet, the bargaining
power of consumers will strengthen (Hojeghan and Esfangareh
2011). For suppliers, online reputation and dynamic price man-
agement are what they need to pay attention to in the era of the
digital economy (Rodríguez-Díaz et al. 2018). Under the COVID-
19 epidemic, digitalization has had a positive impact on tourism.
The digitalization of tourism products can make tourists more
memorable and lay a foundation for the recovery of tourism after
the normalization of the epidemic recovery and relaxation of
regulations (Gordon et al. 2021). The pandemic has also created a
digital demand for tourism. For instance, the hotels develop
unique digital solutions that address the safety concerns of hotel
guests. With the use of innovative technologies, guests can
achieve “untact” check-in and check-out process, touch-less
unlocking of the door, in-room voice controls, and ensure no-
touch for a light switch or TV remote (Awan et al. 2021).
However, according to the Tourism 2025-Taiwan Sustainable
Tourism Development Plan of the Executive Yuan of the Taiwan
government, the digitalization of the tourism industry in Taiwan
is still in the stage of fragmentation. At present, Taiwan is still
facing problems with the lack of supporting measures in the
service systems around some tourist bases; the existing tourist
information system is not friendly and needs to be improved in
internationalization, etc.2 Therefore, the government hopes that
by improving the integrated application of Information and
Communication Technology (ICT) during 2021–2025, Taiwan
will transform from a traditional tourism industry to a digital
integration type.

The utilization of the two-tier stochastic frontier model has
garnered growing attention in recent research endeavors
(Parmeter 2018). It can be employed to analysis the incomplete
information existing on various domains, such as the effects of
financing constraints on estate transactions (Pu et al. 2022), the
impacts of environmental regulation on energy efficiency (Song
and Han 2022), the bargaining and its effect of match uncertainty
on labor market (Kumbhakar and Parmeter 2009), Job satisfac-
tion (Poggi 2010), tourist shopping (Zhang et al. 2018), and
timber bidding (Ferona and Tsionas 2012). The advantages of the
two-tier stochastic frontier model lie not only in its capacity to
dissect opposing facets but also in its ability to capture the
individual heterogeneity intrinsic to both sides. In the context of
this study, we leverage these methodological advantages to dis-
entangle the changes in information asymmetry’s impact on
lodging prices before and during the epidemic.

To our knowledge, scholars have paid limited attention to the
shifts in information asymmetry amid the impact of the
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pandemic, resulting in a dearth of quantitative assessments in this
regard. To address this gap, we initiated our exploration from the
vantage point of the hotel market in Taiwan, aiming to scrutinize
the changes in information asymmetry within hotel transactions
both before and during the COVID-19 pandemic and examine
the impact of changes in information asymmetry on hotel prices,
along with delving into the underlying reasons for this shift.

This article’s potential contributions are multifaceted. Firstly, it
employs microscopic data to empirically gauge the degree of
information asymmetry in the formation of hotel transaction
prices in Taiwan. Secondly, the article introduces the bilateral
stochastic frontier analysis method, offering a fresh approach for
quantitatively estimating information challenges among market
participants. This research concept promises to usher in a new
perspective for subsequent studies. Furthermore, through a
comparative analysis of changes in bargaining power and residual
distribution pre and post-epidemic, we aim to more authentically
portray the epidemic’s impact on Taiwan’s tourism economy.
Finally, for an economy whose tourism industry is in the stage of
digital transformation, analyzing the changes of Taiwan’s
accommodation industry before and after the epidemic and giv-
ing reasonable adjustment measures have certain reference sig-
nificance for the development of other regions that rely on
tourism to support the economy.

The remaining sections of this paper are organized as follows.
Section 2 provides a comprehensive review of the relevant lit-
erature. Section 3 outlines the research methodology. Section 4
primarily focuses on empirical data presentation and offers an
analysis of the empirical results. The concluding section sum-
marizes the key findings.

Literature review
Economic modeling of hotel pricing. Over the last two decades,
tourism has been rapidly growing and become an important
economic sector in the world and become the fourth largest
export industry (Balli et al. 2015; Tugcu 2014). Service and quality
of tourist attractions are significant factors affecting the will-
ingness of the visitors’ payment (Schwartz and Lin 2006;
Kuminoff et al. 2010; Steckenreuter and Wolf 2013). Service and
price provided by the hotel is an important part of it
(Kandampully 2000). Hotel pricing is also vital because it plays a
dominant role in determining hotel revenue (Blengini and Heo
2020) and is an important determinant of overall guest satisfac-
tion (Mattila and O’Neill 2003). Previous researchers have put
forward their own views on hotel pricing. Some studies do their
research on the basis of hedonism pricing (Rosen 1974; Wang
et al. 2019; Castro et al. 2016; Chen and Rothschild 2010; Conroy
et al. 2020; Arora and Mathur 2020) which presumes a linear
relationship between room rates and the various attributes of the
hotel service product (Chen and Rothschild 2010; Rosen 1974).
Arora and Mathur (2020) have demonstrated that there is a
positive correlation between rental premiums and star ratings in
emerging markets, and this relationship is particularly stable in
developed markets. Based on a database of 9992 cases, Soler et al.
(2019) constructed a hedonic pricing model and found that the
category and reputation of a hotel are critical factors affecting
customers’ greater propensity to pay.

Some scholars try to find out hotel reasonable pricing through
revenue management pricing (RMP) (Schwartz and Lin 2006;
Schwartz et al. 2012; Vives et al. 2019; Méatchi and Camus 2020;
Lee et al. 2021), which pay attention to optimizing the balance of
reactions from consumers with a fixed supply. For instance, based
on RMP, fairness and transparency possess strong positive
individual and interaction effects on decreasing the unfairness
and enhancing the willingness of customers to pay (WTP)

(Méatchi and Camus 2020). Similarity, based on non-pricing
tools which is one of the key operational strategies, respondents
reflect it was fairer to post a higher room rate on the hotel website
than no room availability of the hotel (Lee et al. 2020). There are
also some scholars based on the game theory to study hotel
pricing (Ling et al. 2014; Guo, Ling et al. 2016; Mousavi et al.
2021). By building a Stackelberg model of government as the
leader and hotels as the follower, Mousavi et al. (2021) propose
that adopting appropriate interference by the government will
have a positive effect on hotel pricing, can promote the use of
renewable resources in hotel managers, and lower potential
damage to the environment. Guo et al. (2016) apply the
Stackelberg game of backward induction to find the optimal
pricing strategy between the hotel and online travel agencies.

In addition, to study hotel pricing from different angles,
tourism seasonality, location, length of stay (LOS), market share,
and ranking stars are very much related to hotel room prices and
have been discussed in the relevant literature. Obviously, tourism
seasonality and location bring a significant effect on hotel rates
and have been verified by many studies (Schwartz et al. 2012;
Wang et al. 2019; Raya 2011). For example, Wang et al. (2019)
found that compared with the off-season, hotel prices increase by
23.1% in the peak season and by 159.9% during the Chinese New
Year in Sanya in Hainan province. Raya (2011) found that
changes in location, hotel category, and market share on the
Catalan coast can have the largest marginal effect on hotel prices.
Conroy et al. (2020) also find out the evidence of the effect of
location on hotel prices that in Las Vegas, compared to the hotels
beyond 2.25 miles, a center-of-strip premium of 70.23% for hotels
located within 0.72 miles, 36.98% for the next 0.75 miles and
18.89% for the next 0.75 miles. Some studies have expanded the
scope of the attributes that will have an impact on hotel rates.
Riasi et al. (2017) firstly show that on average, the prices of the
hotel charge higher per night when guests stay longer and suggest
that hotel revenue managers devise pricing strategies to cope with
the customers’ misinformed expectations of getting lower prices
for longer LOS. Star rating is also the attribute that has great
impacts on room rates (Castro et al. 2016), guests tend to
overestimate room rates in three- and four-star hotels and
underestimate price in five-star hotels (Razavi and Israeli 2019).

Information asymmetry in the hotel pricing market. In contrast
to the above literature, some studies focus on hoteliers’ bargaining
and consumers’ bargaining in hospitality industry (Nicolau and
Sellers 2010; Kim et al. 2014; Zhang et al. 2018; Kim et al. 2020;
Ying et al. 2021). Most tourists use bargaining to seek potential
value for money (Kozak 2016). As one of the features of market
behavior, asymmetric information can distort expected prices.
Services are more susceptible to asymmetric information than
products. Within services, the asymmetric information phe-
nomenon in the tourism industry is extremely serious (Nicolau
and Sellers 2010). Zhang et al. (2018) found that tourists exhibit
stronger bargaining power than sellers during the shopping
process based on the data of Naijing, China. When booking
hotels, asymmetric information will stimulate price dispersion,
which will lead to a decrease in hotel performance (Kim et al.
2014), travelers tend to choose a hotel option with wide price
dominance dispersion, (Kim et al. 2020). Customers are skeptical
of the hospitality industry that lacks transparency in health and
safety information (Ying et al. 2021).

In the electronic era, the information asymmetry of hotel
pricing has also emerged new factors. Sanchez-Lozano et al.
(2021) found that star rating plays an important role in the hotel
pricing. Consumer reviews and reply rate generate positive effects
in affecting future bookings, credit information strengthens the
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effects of reply rate (Luo et al. 2021). Nicolau and Sellers (2010)
found quality certification can be a useful tool for reducing
information asymmetry. Manes and Tchetchik (2018) found that
electronic word-of-mouth plays a greater role in reducing
uncertainty when the degree of information asymmetry is large.

Conceptual framework of bargaining behavior in hotel
pricing market. Asymmetry information can distort expect prices
when booking a room (Sánchez-Pérez et al. 2019). Based on
previous research, this paper develops a conceptual framework
for describing bargaining behavior in the hotel pricing market
(see Fig. 1). The conceptual framework contributes to understand
bargaining behavior and pricing strategies in hotel pricing.

Before having bargaining intention, the consumers try their
best to obtain information and decides to bargain. Once this
begins, bargaining power plays an important role. Since hotels
and customers have different bargaining power, they will use as
much information as possible until the deal is made or cancelled
(Perry 1986). Bargaining power determines the bargaining
outcome. In our research, the factors affecting bargaining power
are divided into three categories: hoteliers-related factors,
consumers-related factors, and market-related factors.

Within the category of hoteliers-related factors include the
price, attitude, service quality, location, eWOM, online com-
ments, rankings and other characteristics of hotels (Cantallops
and Salvi 2014; Manes and Tchetchik 2018; Sánchez-Pérez et al.
2019; Razavi and Israeli 2019; Wang et al. 2019; Hu and Yang
2020; Sanchez-Lozano et al. 2021). For instance, Price dispersion
measures are negatively correlated with the average hotel price
(Eden 2018), the hotel managers should provide customers with
the full information on how the operate of price change, which
will improve fairness perceptions and satisfaction among
consumers (Choi and Mattila 2006; Cantallops and Salvi 2014).

In addition, the research of social media and online services has
accumulated much evidence that online comments and rankings
have had a dramatic impact on tourists and hoteliers’ behavior
(Cantallops and Salvi 2014). Online ratings have unbalanced
effects on both location and time dimensions in hotel pricing, the
online user rating plays a more significant factor for mid and low-
priced hotels via mitigating the negative seasonal effects (Wang
et al. 2019). Also, building an array of advanced machine learning
regression models, Razavi and Israeli (2019) demonstrate that
customer rating has more impact on hotel rates when the average
rating was above 7.5 (out of 10), the adverse effects of price
discounts are even more pronounced for hotels with lower online

ratings (rating <= 3) than those with higher ratings (Hu and
Yang 2020). Besides, online reputation or more widespread as
electronic word of mouth (eWOM) (Cantallops and Salvi 2014;
Sánchez-Pérez et al. 2019) and review volume (Hu and Yang
2020) are positively related to the hotel rates, the effect of the
online reputation is constant and contributes to hotel rates that
are approximately 8% higher within the same star rating
(Sánchez-Pérez et al. 2019).

Consumers-related factors in the second category include
cultures, sociodemographic, personality trats and behavioral
(Zhang et al. 2018). In terms of market-related factors, hotel
concentration, market environment, market culture, search
engines and government’s policy are import factors (Choi and
Mattila 2006; Zhang et al. 2018). For instance, Choi and Mattila
(2006) demonstrate that the strategy that different type of
information that very by culture should be offered to the
customers need to be taken, the U.S. customers should be
provided full information about how variable-pricing practices
operate, for Korean consumers, limited information is enough.
Economides and Kontaratou (2011) also find that prices are
different among the search engines. In addition, consumers are
more inclined to bargain when vacationing abroad than vacation
home (Kozak 2016). If the government encourages exit or
restricts entry, the bargaining process will be affected.

Methodology
Discussions on information asymmetry in economic analysis can
generally be divided into applying game theory to construct
theory or conducting empirical studies through econometric
models. The application of empirical models can be derived from
the commodity search theory. In the field of labor economics, it is
assumed that workers are commodities in the market, and
employers and employees strive for their own wages through their
respective information masters (Mincer 1962, 1974; Zhao et al.
2019; Yang et al. 2019). However, although we can determine the
influence of explanatory variables on salaries by using this
empirical model, we cannot further analyze other issues that
laborers face in the market such as the wage information that
laborers face in the market (Shao et al. 2023). After Aigner et al.
(1977) and Meeusen and van Den Broeck (1977) constructed the
stochastic frontier model in the 1970s, Polachek and Yoon (1996)
combined the Mincer equation with the econometric setting of
the stochastic frontier model and provided the salary bargaining
information obtained by laborers and employers in the market
can be estimated by analyzing the variables of laborers’ personal

Fig. 1 Conceptual framework depicting bargaining dynamics in the hotel pricing market. This conceptual framework diagram systematically delineates
the bargaining process inherent in the hotel pricing market.
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characteristics. Kumbhakar and Parmeter (2009) revised the
econometric model, and it became one of the most common
empirical models applied to the industrial economy field.

The purpose of this study is to analyze the information
regarding lodging prices during the year 2019–2020. Based on
previous studies (Kumbhakar and Parmeter 2009; Pu et al. 2022),
assumed there are many hotel guest room suppliers (hoteliers)
and consumers in the market, both have the tendency to grasp
market price information. Assumed the final price of the lodging
price (P) set as follows:

P ¼ P þ η �P � P
� � ð1Þ

Among them, P is the lowest price that the suppliers can accept
and �P is the highest price that can be paid by the consumer. η is
an estimator of market information in the price determination
process, ranging from 0 to 1. Hence, η �P � P

� �
represents the

surplus of profit earned by the hoteliers in the process of deter-
mining lodging prices.

To simultaneously show how much information that con-
sumers and hoteliers hold in the lodging prices decision-making
process, we expand the Eq. (1) into details. Firstly, given indivi-
dual characteristics x, a fair lodging price3 can be writed as
μ xð Þ ¼ EðθjxÞ. θ is actual existence, and P ≤ μ xð Þ≤ �P. Among
which, �P � μ xð Þ denotes the consumer surplus in the transaction;
μ xð Þ � P denotes the hotel’s surplus. Whether a higher surplus
can be obtained depends on the bargaining power and informa-
tion of buyers or sellers (Osborne, 1990). Hence, Eq. (1) can be
showed as:

P ¼ μ xð Þ þ P � μ xð Þ� �þ η �P � μ xð Þ� �� η P � μ xð Þ� �

¼ μ xð Þ þ η �P � μ xð Þ� �� 1� η
� �

μ xð Þ � P
� � ð2Þ

It can be seen from Eq. (2) that the hoteliers can increase the
deal price in the transaction via depriving parts of consumers’
expected surplus, and the amount of the deprived surplus is

η
h
�P � μ xð Þ

i
. Also, the consumers can decrease the deal price of

the hotel via depriving parts of suppliers’ expected surplus, and
the amount of the deprived surplus is 1� η

� �
μ xð Þ � P
� �

. The
amount of information they have (η) and the total expected
surpluses of the consumer decide the degree of deprivable surplus
of hoteliers, denoted by �P � μ xð Þ. In other words, the hoteliers
can increase the deal price based on the information they have.
Likewise, the information they have 1� η

� �
and the hotelier’s

total expected surplus decide the degree of surplus available to
consumers, represented by μ xð Þ � P. Consumers can use the
information they have to lower deal price. Therefore, the two-tier
stochastic frontier model for predicting the lodging price can be
set as:

Pi ¼ μ xð Þ þ εi; εi ¼ wi � ui þ vi ð3Þ
Among which, μ xð Þ ¼ x0iβ, where β refers to the parameter vector

to be estimated, and xi presents the individual characteristics of the
samples; wi ¼ ηi �Pi � μ xi

� �� �
≥ 0;ui ¼ 1� ηi

� �
μ xi
� �� Pi

� �
≥ 0;

vi is a random error term in the general sense. wi refers to the
amount of surplus deprived by hoteliers with the information they
possess and ui is the amount of surplus that the consumers deprive
through collecting effective information. Net surplus
(NS ¼ η �P � μ xð Þ� �� 1� η

� �
μ xð Þ � P
� �

) can be used to reflect the
overall impact of information asymmetry in the transaction process
on lodging price. To simultaneously estimate the parameter β and
the residual of deprivation by consumers and hoteliers using the
information they possess, Maximum Likelihood Estimation (MLE)
was used to estimate Eq. (3). Suppose wi and ui obey exponential
distribution, wi � i:i:d:Exp σw; σ

2
w

� �
; ui � i:i:d:Exp σu; σ

2
u

� �
. vi fol-

lows normal distribution, vi � i:i:d:N 0; σ2v
� �

. wi, ui and vi are
independent of each other. Therefore, the probability density

function for computing the compound error term can be expressed
as:

f εi
� � ¼ σw þ σu

� ��1
exp ai

� �
Φ ci
� �þ exp bi

� � R1

�h
ϕ zð Þd zð Þ

" #

¼ σw þ σu
� ��1

h
exp ai

� �
Φ ci
� �þ exp bi

� �
ϕ hi
� �i

ð4Þ
Where Φ �ð Þ and ϕ �ð Þ refers to the probability density function and
cumulative distribution function of the standard normal distribution
respectively. The settings of other parameters are as follows:

ai ¼ σ�1
u εi þ σ2v 2σu

� ��1
h i

; bi ¼ σ�1
w �εi þ σ2v 2σw

� ��1
� �

;

hi ¼ εiσ
�1
v � σvσ

�1
w ; ci ¼ �εiσ

�1
v � σvσ

�1
u

For a sample including n observations, the log-likelihood
function can be developed as follows:

lnL X; θð Þ ¼ �nln σw þ σu
� �þ∑

n

1
ln eaiΦ ci

� �þ ebiΦ hi
� �� � ð5Þ

where θ = [β, σv, σu, σw]′. Maximum likelihood estimates of all
parameters can be obtained by seeking to maximize the log-
likelihood function. The conditional distribution of ui and wi are
f ðuijεiÞ; f ðwijεiÞ;

f ðuijεiÞ ¼ λ exp �λui
� �

Φ ui=σv þ hi
� �½Φ hi

� �

þ exp ai � bi
� �

Φ ci
� ���1 ð6aÞ

f ðuijεiÞ ¼ λ exp �λwi

� �
Φ wi=σv þ ci
� �

exp bi � ai
� �fΦ hi

� �

þ exp ai � bi
� �

Φ ci
� �g�1

ð6bÞ
Where λ ¼ 1=σu þ 1=σw. According to the conditional distribu-
tion determined by Equation (6), the conditional expectations of
ui and wi in the decision-making process of lodging price can be
developed as:

E uijεi
� � ¼ λ�1 þ exp ai � bi

� �
σv½ϕ �ci

� �þ ciΦ ci
� ��

Φ hi
� �þ exp ai � bi

� �
Φ ci
� �� ��1 ð7aÞ

E wijεi
� � ¼ λ�1 þ σv ϕ �hi

� �þ hiΦ hi
� �� �½ hi

� �

þ exp ai � bi
� �

ci
� ���1

ð7bÞ

Additionally, the net surplus (NS) can be calculated as:

NS ¼ E 1� e�wi jεi
� �� E 1� e�ui jεi

� � ¼ Eðe�ui � e�wi jεiÞ ð8Þ
As the parameter σu only appears in ai and ci, and σw only

appears in bi and hi, they are both recognized. Hence, in sub-
sequent model testing, there is no need to pre-assume the relative
mastery advantages of hoteliers and consumers in having lodging
price information. On the contrary, the mastery of market
information depends entirely on the results of model estimation.
This also demonstrates the fundamental advantage of the two-tier
stochastic frontier model and is the reason why it is superior to
traditional regression analysis.

Data and empirical results
The STATA 15 statistical software package and SFA2tier were
used to analyze the data. The empirical data were sourced from
the monthly government report on tourism statistics available in
the Tourism Statistics Database of the Taiwan Bureau (https://
stat.taiwan.net.tw/). The study focused on hotels from July 2019
to November 2020. After eliminating incomplete data within the
specified sample period, we obtained a total of 2032 sample
observations. Descriptive statistics are presented in Table 1. The
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average lodging prices in each area exhibit a declining trend,
except for Tainan and the East region. Specifically, the data
indicates a significant decrease in prices in Taipei, followed by
Kaohsiung, while prices in Tainan and Taoyuan have remained
relatively stable.

We apply the Translog function according to Christensen et al.
(1973) and rewrite the Eq. (3):

Pi ¼ μ xð Þ þ εi; εi ¼ wi � ui þ vi;

μ xð Þ ¼ ∑βilnxi þ 0:5∑∑βijlnxilnxj
ð9Þ

Where x is the variables log (Room), log (Labor_M) and log
(Labor_R), which is estimated by MLE and analyzed according to
the aforementioned Eqs. (4)–(8).

Drawing on the aforementioned mechanism for price forma-
tion in the hotel transaction market and the model assessing
bargaining power under information asymmetry, this study

scrutinizes the effects of the information asymmetry degree
between buyers and sellers on the pricing of hotel transactions.
The estimation process employs both the OLS method and MLE
method. The regression results, presented in Table 2, consistently
indicate that variables such as the number of hotel rooms, the
quantity of employees in the managerial department, and the
hotel room department exhibit a significant negative impact on
room prices. It is noteworthy that, in comparison to the OLS
method, the application of the two-tier stochastic frontier method
unveils nuanced dynamics captured with increased granularity
and depth.

Table 3 presents the outcomes regarding the mastery of
lodging price information by consumers and hoteliers,
denoted as Êð1� e�ujεÞ and Êð1� e�wjεÞ. These values repre-
sent the surplus attained by consumers and hoteliers as a per-
centage relative to the baseline prices. On average, the hotelier’s
surplus exceeds the baseline price by 30.31%, while consumers’
surplus contributes to a 14.51% reduction in lodging prices. The
discrepancy in price information mastery makes the actual
lodging price 15.81% higher than the baseline price. In other
words, due to the information asymmetry between consumers
and hoteliers and the difference in price information mastery,
consumers may need to pay 115.81 N.T. dollars for a room
worth 100 N.T. dollars in a fair market.

Additionally, Table 3 indicates that hoteliers’ surplus before the
COVID-19 outbreak surpassed the total sample average and the
post-epidemic period. This suggests a stronger price information
advantage for hotels before the epidemic. Conversely, consumers’
information advantage is more pronounced after the epidemic. In
summary, consumers’ ability to acquire surplus strengthened
after the COVID-19 outbreak, while hoteliers’ ability weakened.

To further examine the variations in information mastery
before and after COVID-19, the last three columns of Table 3
display the surplus distribution for consumers and hoteliers. At
the Q1 quantile, the net surplus is 0.59, indicating that the hotel
room’s lodging price closely aligns with the baseline in the total
sample, signifying similar price information between hoteliers
and consumers. At the Q2 and Q3 quantiles, the disparity in price
information widens, reaching its maximum at the Q3 points.

We conducted an analysis of surplus frequencies acquired by
both hoteliers and consumers. In Fig. 1, the horizontal axis
represents the proficiency in price information, while the vertical
axis indicates the sample proportion. A position further to the
right on the horizontal axis signifies a stronger grasp of lodging
price information. Figure 2 illustrates that the surplus acquired by
hotels post-epidemic is more concentrated on the left half of the
horizontal axis compared to the pre-epidemic period. Conversely,

Table 1 Descriptive Statistics.

Variable Definition Mean S.D.

Lodging price Average lodging price of hotel rooms in the month. (Unit: N. T. Dollars) 3527.393 2520.046
Room The number of hotel rooms in the month. 623.618 1899.596
Labor_M The number of employees in the managerial department in the month. 34 36.830
Labor_R The number of employees in the hotel room department in the month. 59 44.620

The average lodging price in each area. (Unit: N. T. Dollars)
Area Non-COVID-19 COVID-19 Growth Rate (%)
Taipei 3817.302 3288.197 −13.86
Taoyuan 2817.196 2797.962 −0.68
Taichung 2489.356 2336.587 −6.14
Tainan 3120.253 3127.372 0.23
Kaohsiung 2726.202 2518.597 −7.62
East 3202.932 3423.073 6.87
Scenic area 5685.973 5513.430 −3.03

Source: Tourism statistics monthly report in Taiwan.

Table 2 Estimation of bargaining power effects model.

OLS estimation

log(Lodging price) Coefficient Std. Err P-value

log(Room) −0.029 0.050 0.568
log(Labor_M) −0.500 0.085 0.000
log(Labor_R) 0.388 0.095 0.000
log(Room)xlog(Labor_M) 0.052 0.015 0.000
log(Room)xlog(Labor_R) −0.062 0.018 0.000
log(Labor_M)xlog(Labor_R) 0.069 0.012 0.000
Constant 7.794 0.215 0.000
Sample 2032
R-square 0.175
Two-tier stochastic frontier estimation
log(Room) 0.066** 0.032 0.037
log(Labor_M) 0.099 0.080 0.215
log(Labor_R) −0.324*** 0.077 0.000
log(Room)
xlog(Labor_M)

−0.023** 0.011 0.032

log(Room)xlog(Labor_R) 0.015 0.011 0.165
log(Labor_M)
xlog(Labor_R)

0.075 0.010 0.000

Constant 7.251*** 0.183 0.000
σv −1.612 0.104 0.000
σu −1.773 0.104 0.000
σw −0.837 0.037 0.000
Log likelihood −1321.836
Sample 2032

*p < 0.1, **p < 0.05, ***p < 0.01.
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the consumer surplus in the figure exhibits the opposite trend.
The shift of consumer surplus to the right indicates an increase in
consumers’ information after the epidemic, leading to a corre-
sponding increase in obtained surplus.

Table 4 presents a comparative analysis of regional disparities.
The data indicates that, prior to the pandemic, hotels across
various regions in Taiwan possessed higher price information
compared to the post-pandemic period, with the exception of
Taoyuan and the Scenic area. The divergence between hoteliers’
and consumers’ surplus witnessed a reduction following the
COVID-19 outbreak, indicating a decline in price discrimination.
Furthermore, when comparing urban areas to other regions, post-
outbreak, the net surplus in urban areas diminished while it
increased in other regions. Figure 3 encapsulates the shifts in net
surplus in Taiwan’s metropolitan areas from 2019 to 2020. The
empirical findings suggest that the COVID-19 outbreak has
contributed to aligning the distribution of lodging price infor-
mation in metropolitan areas closer to a fair market.

Why the COVID-19 has improved the price discrimination
phenomenon in Taiwan’s metropolis, we think there are two
possibilities. One is the structure of hotel consumer groups has
changed. Before the epidemic, consumers in Taiwan’s metropo-
litan area hotels included various consumer groups ranging from
business activities, sightseeing and tourism, and overseas tourists.
Intuitively, due to differences in language, currency prices, etc.,
we expect that overseas tourists possess less price information
about hotels. Thus, hotels have the edge to implement price
discrimination. After epidemic happen in 2020, except for certain
incidents, the Taiwanese government has prohibited foreigners
from entering the country or required inbound passengers to
carry out isolate management for more than two weeks. This has
virtually raised the travel cost for tourists, causing a drop in the
number of overseas tourists. As shown in Fig. 4, after the out-
break, the proportion of accommodation for overseas tourists
dropped significantly, and the structure of consumer groups has
changed. The proportion of local tourists is gradually increasing
among the hotel consumer groups in Taiwan’s metropolitan
areas. Compared with overseas tourists, residents have more
information about hotel and possess stronger bargaining power.
Hence, the space for price discrimination in hotels has shrunk
after the epidemic.

Second, although the occurrence of COVID-19 in 2020 has not
stopped Taiwan’s local economic activities, Taiwan’s society has
maintained the same lifestyle before the epidemic for most of
2020. However, the outbreak of the epidemic may still affect the
willingness of tourists to travel. The outbreak of COVID-19
decreases the number of tourists, caused the hoteliers to provide
more price information and more promotion event to attach

tourists to deal with high hotel operating costs. The outbreak of
the epidemic may prompt hoteliers to stimulate the production of
the industry, and then promote more tourism projects. In addi-
tion, after the spread of COVID-19, the government’s supervision
and attention for epidemic prevention and control have caused
hotel operators to provide more information and more trans-
parency. These activities make market price information more
transparent and complete, thereby reducing the difference in
price control or discrimination between the supply and demand
sides.

Conclusion
In this study, we construct a measurement model to quantify the
degree of information asymmetry prevalent in the hotel trans-
action market. Utilizing micro-level data from the Taiwan Sta-
tistical Bureau, we apply the two-tier stochastic frontier method
to scrutinize the distribution of transaction information in Tai-
wan’s tourism hotel lodging prices, examining the disparities in
price information between consumers and hoteliers both before
and during the outbreak of COVID-19. The empirical findings
reveal that: (1) Information factors held by transaction partici-
pants significantly influence the final lodging price, with hoteliers
possessing more information and stronger bargaining power than
consumers. The overall impact of information asymmetry factors
on the final hotel lodging price is positive at 0.6954, indicating a
tendency for hotel information factors to result in a higher price
relative to the benchmark. (2) Analyzing unilateral effects in the
entire sample, hoteliers increase hotel transaction prices by an
average of 30.31%, leveraging their information, while consumers,
with their information, raise prices by a similar magnitude.
However, information mitigates hotel transaction prices by
14.51%. These opposing effects contribute to an overall increase
of 15.81% in hotel transaction prices relative to the benchmark.
Quantile analysis further shows that during the formation of hotel
transaction prices, almost all consumers are compelled to accept
prices exceeding the benchmark, with varying degrees of increase
for heterogeneous consumers. (3) After the spread of COVID-19,
the prices reached by hoteliers, based on their information
advantage, are generally around 14.84% higher than the fair
benchmark price. Compared to the price before the epidemic,
approximately 17.52% higher than the fair benchmark, the
information advantage possessed by hoteliers has declined. This
suggests that during the outbreak, consumers have improved
their grasp of lodging price information, weakening information
asymmetry in hotel accommodation transactions in Taiwan. (4)
Further analysis of the effect of consumer heterogeneity in
regional factors on the final price reveals that almost all con-
sumers face varying degrees of being forced to accept a hotel and

Table 3 Surpluses that consumers and hoteliers get in the transaction process.

Category Mean (%) S.D. (%) Q1(%) Q2(%) Q3(%)

Total sample
Hoteliers Êð1� e�wjεÞ 30.31 18.76 15.75 23.48 40.52
Consumer Êð1� e�ujεÞ 14.51 6.31 10.92 11.94 15.15
Difference (Net Surplus) 15.81 22.64 0.59 11.54 29.60

Non-COVID-19
Hoteliers Êð1� e�wjεÞ 31.43 18.92 16.11 24.36 43.64
Consumers Êð1� e�ujεÞ 13.90 4.94 10.90 11.80 14.84
Difference (Net Surplus) 17.52 22.07 1.27 12.56 32.75

COVID-19
Hoteliers Êð1� e�wjεÞ 29.69 18.64 15.40 22.84 38.95
Consumers Êð1� e�ujεÞ 14.85 6.94 10.94 12.06 15.49
Difference (Net Surplus) 14.84 22.91 −0.08 10.78 28.01

Notes: Q1, Q2, and Q3 represent statistics at the 25%, 50%, and 75% quantiles.
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Table 4 The differences of surplus between regions before and after the epidemic.

Period Non-COVID-19 COVID-19

Hoteliers Consumers Difference Hoteliers Consumers Difference

Taipei 30.80 14.12 16.68 27.03 16.94 10.09
Taoyuan 24.95 13.00 11.95 24.97 13.74 11.22
Taichung 19.19 14.92 4.27 18.58 15.41 3.16
Tainan 29.64 13.51 16.13 29.41 13.80 15.61
Kaohsiung 21.76 17.43 4.32 19.22 17.36 1.86
East 26.02 17.52 8.49 28.27 15.89 12.38
Scenic area 51.78 12.32 39.46 53.03 11.39 41.65

Fig. 2 Surplus extracted by hoteliers or consumers (%) before and after the COVID-19. a Surplus extracted by hoteliers before the epidemic. b Surplus
extracted by hoteliers after the epidemic. c Surplus extracted by consumers before the epidemic. d Surplus extracted by consumers after the epidemic. The
figure shows a post-epidemic concentration of hotel surplus on the left axis, contrasting the pre-epidemic period. Conversely, consumer surplus shifts right,
indicating increased post-epidemic consumer information and corresponding surplus gain.
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housing price higher than the benchmark, allowing hoteliers to
effectively implement discriminatory pricing strategies.

To summarize, information asymmetry in the Taiwan’s hotel
market leads to final transaction prices higher than the bench-
mark. The bargaining power of both parties is significantly dif-
ferent, with buyers at a disadvantage. The outbreak of COVID-19
may pilot an approach called true value information to disclose

transaction information in the hotel industry, guiding consumers
to make rational and organized hotel choices. The study results
provide practical insights for stakeholders in the tourism and
hospitality market. It is suggested that hoteliers enhance trans-
action transparency to increase consumers surplus, subsequently
improving hotel reputation and gaining a competitive advantage.
As a market mechanism, hoteliers would wisely build a good

Fig. 4 Proportion of domestic tourist accommodation in hotels in Taiwan’s counties and cities from 2019 to 2020. a Proportion of domestic tourist
accommodation in hotels in Taiwan’s counties and cities in 2019 (pre-epidemic). b Proportion of domestic tourist accommodation in hotels in Taiwan’s
counties and cities in 2020 (post-epidemic). This figure shows a notable rise in the proportion of accommodation for local tourists post-outbreak,
accompanied by a shift in the consumer group structure. Darker colors signify a higher percentage of local tourists.

Fig. 3 Net surplus variation in Taiwan’s metropolitan areas (2019–2020). This figure illustrates the changes in net surplus in Taiwan’s metropolitan areas
during the period of 2019–2020. It is evident that the net surplus in metropolitan areas of Taiwan was significantly higher in 2019 compared to 2020.
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reputation by disclosing information to tourists, especially those
with limited bargaining power, such as business travelers and
unaccompanied tourists. Transparency can effectively reduce
information asymmetry between tourist groups with different
characteristics (including motivations).

Simultaneously, this study holds practical significance for
market supervision of local tourism administrative units. At the
destination level, for regions relying on tourism as a pillar
industry, establishing a good reputation is crucial for long-term
development (Chen et al. 2013). Therefore, local tourism man-
agement departments should strengthen market supervision
mechanisms, actively guide hotel operators by providing quality
products, enhancing transaction transparency, address barriers in
the transaction chain, and encourage hotel transactions in an
open and efficient environment. Secondly, government depart-
ments can establish appropriate reward and transaction subsidy
mechanisms. Hoteliers who actively improve information trans-
parency in transactions to help enhance the reputation and
transaction enthusiasm of their location can be rewarded, such as
tax incentives. Parties with weaker bargaining power in transac-
tions can receive subsidies to promote fair benefits for both sides
in the transaction. For example, tourists actively traveling to
Taiwan can receive subsidies based on their consumption record.
Thirdly, government departments can expand information dis-
semination and acquisition channels, providing consumers with
real and effective transaction information through government
disclosure to compensate for destination reputation losses due to
information asymmetry. Finally, by estimating surpluses in dif-
ferent periods, local tourism departments can propose more
specific strategies for the much-discussed issues such as zero-fare
and group tours or the “lemon market” in the tourism industry
(Chen et al. 2013).

While this study contributes to the development of the hotel
industry in regions or countries with tourism as a pillar industry,
several limitations offer potentially interesting avenues for further
research. Since the two-tier frontier method is applied for data
analysis, model estimation adopts maximum likelihood estima-
tion method. However, issues such as initial value conditions and
sample size may cause the model to fail to converge. In addition,
the data may be difficult as panel data for analysis because of
factors such as quasi-fixed inputs in the hotel operation or data
aggregation in the tourist market. Therefore, it is hard to discuss
fixed effects or random effects further. Future research maybe
refers to Polachek and Yoon (1996), Lu et al. (2011), and use
panel data for analysis to examine the mastery of intertemporal
buyers and sellers on price information.

Data availability
The datasets generated and analysed during the current study are
available from the corresponding author on reasonable request.
These datasets were derived from the following public domain
resources: https://admin.taiwan.net.tw/BusinessInfo/Articles?a=
118; https://stat.taiwan.net.tw/.
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Notes
1 For the statistics of Taiwan’s COVID-19 confirmed cases, see https://www.cdc.gov.tw/.
2 See the Tourism 2025 - Taiwan Tourism Development Plan Towards 2025 (Years
110–114) available at https://admin.taiwan.net.tw/zhengce/FilePage?a=210.

3 The term “fair lodging price” denotes the hotel transaction price achievable by
consumers and hoteliers under conditions of complete market information

transparency, ensuring the absence of information asymmetry. The terminology “fair
price” has been widely utilized in cutting-edge literature (Lu et al. 2011; Yang et al.
2019; Pu et al. 2022; Shao et al. 2023). Sometimes, “fair price” is alternatively referred
to as the “expected price” (Kumbhakar and Parmeter 2009; Zhang et al. 2018). The use
of the term “fair” is grounded in the assumption of ideal market conditions
characterized by perfect information symmetry, providing a benchmark for
comparison in our model context.
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