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A B S T R A C T   

The coronavirus disease (COVID-19) has impacted the hotel industry in all aspects. However, the changes in 
hotel customer satisfaction deserve additional attention. Using online hotel reviews, this study explores the 
difference between the influencing factors of customer satisfaction before and after the COVID-19 outbreak. By 
use of Latent Dirichlet Allocation and sentiment analysis, factors that affect customer satisfaction and their 
emotional strength before and after the COVID-19 outbreak are extracted. Then, multiple regression models are 
established to compare the differences of the impact of each factor on hotel customer satisfaction in different 
periods. According to the aforesaid study, hotel customer satisfaction and its influencing factors have changed 
significantly during the pandemic; hotel customer satisfaction during the pandemic is mainly influenced by 
service quality. Accordingly, strategies are proposed for hotel managers to improve their customer satisfaction 
during the COVID-19.   

1. Introduction 

As a mega public health crisis, COVID-19 has impacted almost every 
aspect of the hotel business (Gössling et al., 2020). Hotel managers have 
summarized effective crisis response strategies from past calamities 
(Israeli et al., 2011; Pappas, 2015, 2018). However, those short-term 
strategies only aimed at the rapid recovery of the financial perfor
mance and operation of the hotel industry (Ritchie & Jiang, 2019), thus 
little attention was paid to customer satisfaction. Owing to the unique 
features of the pandemic, such as long duration, large externalities, and 
broad impacts, COVID-19 has affected the confidence, behavior, and 
decision-making of customers more significantly than other crises of the 
same nature. Gössling et al. (2020) stated that COVID-19 would pro
foundly influence human society in a way similar to the climate change. 

Along with the evolution of the Internet, user-generated content 
(UGC) has become a primary source of information for consumers and 
businesses to evaluate product satisfaction. Being a typical kind of UGC 
data, online reviews not only helps potential consumers make purchase 
decisions but also assists relevant managers in identifying factors that 
influence satisfaction (Guo et al., 2017). Consequently, such content 
facilitates customer satisfaction (Wang et al., 2017). The public, 

inexpensive, and accessible text data has an abundant sample size and 
contains a substantial amount of reliable information that cannot be 
reflected by hotel ratings (Banerjee & Chua, 2016). Hence, this study 
conducts an empirical analysis to identify the factors that truly affect 
customer satisfaction on the basis of hotel online reviews. 

This study aims to answer the following questions: (1) Do significant 
differences exist in customer satisfaction before and after the COVID-19 
outbreak? and (2) What are the primary factors that contribute to the 
differences in hotel customer satisfaction? To address these questions, 
the paper is organized as follows: Literature Review explains the moti
vations of the study by reviewing related literature; Methodology in
troduces research design, data preparation and research approach; the 
Results section analyzes the results of LDA, sentiment analysis and 
multiple regression. And in the end, Findings and Conclusion are pre
sented to discuss theoretical and managerial implications. 

2. Literature review 

2.1. Tourism crisis and customer satisfaction 

Usually, tourism is considered as an industry vulnerable to crises or 
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disasters (Cro & Martins, 2017). The hotel industry is susceptible and 
prone to suffer from different types of crises, including natural disasters 
(Möller et al., 2018), terrorist attacks (Kosova & Enz, 2012; Kubickova 
et al., 2019), political turmoil (Ivanov & Stavrinoudis, 2018) and public 
health pandemic, such as the severe acute respiratory syndrome (SARS) 
(Fung et al., 2020), ebola (Novelli et al., 2018) and COVID-19 (Guo 
et al., 2021). 

Crisis management is critical to handling calamities, and the priority 
of such management varies according to different crises. The hotel in
dustry used to adopt a risk management perspective, focusing more on 
safety and security (Wang & Ritchie, 2010). For effective management, 
both academia (Sharma et al., 2021) and industry continue to provide 
crisis management guidelines and policy framework for industry pro
fessionals. Such policies are dedicated to hotel financial performance 
and operational recovery (Ritchie & Jiang, 2019) and the resilience of 
hotels to changes (Melian-Alzola et al., 2020), but have not taken 
customer satisfaction into consideration. Furthermore, even if the cur
rent threat dissipates in the near future, people’s perceptions of risk in 
travel or accommodation will change (Bae & Chang, 2020), and pre
ventive measure will affect the attitude of tourists during the pandemic 
(Gupta et al., 2021). On the premise of meeting basic safety re
quirements after the COVID-19 outbreak, hotel managers must start 
thinking about the change in customer satisfaction to improve hotel 
guest experience. 

2.2. Online reviews and customer satisfaction 

Online hotel reviews contain a wealth of information, including 
various attributes of a hotel (Duan et al., 2016), such as cleanliness, 
location, room, service, sleep quality, and facilities (Liu et al., 2013). 
Customer satisfaction reveals the gap between the perceived and ex
pected service quality (Padma & Ahn, 2020). Service quality is the 
critical factor that leads to different customer satisfaction (Yang & Lau, 
2015) and customers are satisfied when their perceived service quality 
outperforms the expected service quality. Service quality can be assessed 
by hotel attributes extracted from online reviews (Guo et al., 2017). 
Hence, the overall satisfaction can be studied as the dependent variable, 
while the individual hotel attributes are studied as independent vari
ables (Hu et al., 2019). 

Substantive empirical studies have shown that customer satisfaction 
is evolving rather than remaining the same (Hu et al., 2019). Load of 
factors, such as service quality (Yang & Lau, 2015), facilities (Nunkoo 
et al., 2020), food (Mohsin & Lockyer, 2010), and hotel rating (Bi et al., 
2020), etc. may be the reason for different customer satisfaction towards 
hotels. In other words, different service contexts and encounters will 
result in different customer satisfaction (Wu & Liang, 2009). However, 
COVID-19 has altered not only previous service process as exemplified 
in the offering of safe products and services (Foroudi et al., 2021), but 
also the expectations of consumers (Mehta et al., 2021). By taking 
advantage of this imbalance, it is possible for this paper to identify the 
key factors that affect customer satisfaction from online reviews of ho
tels before and after the outbreak of COVID-19. 

3. Methodology 

3.1. Research design 

To answer the research questions, this study employed a mixed 
analytical method. For the first research question, a paired sample t-test 
was conducted to reveal whether customer satisfaction of each hotel has 
changed. To answer the second research question, this study has firstly 
applied Latent Dirichlet Allocation and sentiment analysis, followed by 
the review analytics procedure from An et al. (2020) study, and then 
developed review characteristics, which included review topics and re
view sentiment; then a multiple linear regression analysis was carried 
out to test the relationship between rating and review characteristics in 

order to examine the key influencing factors of customer satisfaction 
before and after the outbreak of COVID-19. 

3.2. Data preparation 

Given the different severity of the pandemic in each city, this study 
selected Chengdu as its research object to avoid deviations on the study 
results. Having a well-developed hotel industry, Chengdu is among the 
top ten tourist destinations in China (Wang et al., 2019). As with many 
cities, it was affected by COVID-19. Ctrip (Nasdaq: TCOM) occupies an 
OTA market share of 55.7% (CTN, 2019), and provides a multifunctional 
online review system for consumers to post and read reviews. Kosova 
and Enz (2012) observed that the hotel industry can rebound within four 
months during a crisis, as reflected by the data from hotels in New York 
after 9/11 and the 2008 financial crisis. Hence, this study selected the 
representative data period from February to May 2020 while using the 
same period in 2019 as the control. 

Using the Houyi (http://www.houyicaiji.com) crawler program, a 
total of 5,361 hotels were collected from the basic dataset in Chengdu. 
The data contained information on hotels, such as hotel name, star 
rating, and open time, as shown in Image 1. It also contained informa
tion on reviews, including review rating, review text, and check-in time 
of each review, as shown in Image 2. This study obtained 52,449 valid 
reviews from February to May 2020 and 104,613 valid reviews from the 
same period in 2019. A total of 4,942 hotels in Chengdu were finally 
identified as the study sample with a sampling efficiency of 92.2%. 

3.3. Methods of analysis 

3.3.1. Paired-samples T test 
Paired sample t-test is one of the widely-used statistical procedures to 

compare the equality of the means of the two paired populations (Park 
et al., 2020), therefore, it can be used to reveal whether significant 
differences exist in hotel customer satisfaction before and after the 
COVID-19 outbreak. 

3.3.2. LDA and sentiment analysis 
Latent Dirichlet Allocation is a classic unsupervised machine 

learning technology which can effectively capture context-specific di
mensions (Maier et al., 2018) and process vast unstructured online re
views with little manual intervention (Aggarwal & Gour, 2020; Vu et al., 
2019). Naturally, LDA is frequently used to extract important attributes 
of a product or service; moreover, it is widely used in hotel customer 
satisfaction research (Guo et al., 2017). The LDA model assumes that 
whole text corpus can be represented with a set of topics. Mathemati
cally, it adopts the method of “bag of words”, which treats each text as a 
word frequency vector, thus transforming text information into digital 
information that is easy to calculate. The key to LDA is the choice of the 
number of topics, which will largely affect the classification effect. 

By processing unstructured textual data, sentiment analysis can 
extract attitudes and affective tendencies from the text as part of natural 
language processing (García et al., 2012). The sentiment intensity of a 
customer toward a specific hotel attribute reflects the actual perfor
mance of this element (Bi, Liu, Fan, & Zhang, 2019), and has a positive 
impact on satisfaction after consumption as well (Kim & Park, 2017). In 
this study, a third-party module of Python, SnowNLP (https://pypi. 
org/project/snownlp) which is a classical sentiment analysis method is 
used to conduct sentiment analysis. 

3.3.3. Multiple linear regression 
Multiple linear regression is selected to analyze the variables and to 

divide the categories into dependent, control, and independent vari
ables, which resulted in effectively controlling variables. 

To assess customer satisfaction toward a hotel in the study time in
terval, a dependent variable, customers’ rating of the hotel was taken as 
a measure of satisfaction at a given time (Hu et al., 2019). Then, each 
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customer’s satisfaction (rating) was transformed into hotel-caliber 
satisfaction by using the rating of an individual hotel in each year as 
the average of all reviews of the hotel during the period. By introducing 
hotel rating and operating years, two control variables, the hotel’s 
characteristics were examined to see whether they were sufficient to test 
the rating of the hotel. 

To examine the relationship between test scores and review char
acteristics, review topics and review sentiment were taken as indepen
dent variables. Review characteristics could be measured by the topic 
score and review sentiment value of the review LDA model (Xiang et al., 
2017). The topic score and the sentiment value of the reviews were 
transformed into hotel-caliber topic scores and sentiment values, which 
meant that the score or sentiment value of an individual hotel was the 
average of all reviews scored or sentiment value on a given topic for each 
period. Following the suggestion of Hayes (2013), the independent 
variables were centralized and the moderating effect term lead was 
calculated to explain the coefficients of the regression equation further. 

4. Results 

4.1. Results of paired-Samples T test 

The analysis shows a significant difference (t = 6.352,Sig. = 0.003) 
between the scores of 2019 and 2020, where the score for 2019 was 
4.45, and the score for 2020 was 4.51. These values indicated that 
customers were more satisfied with hotels in 2020. 

4.2. Development of key metric 

4.2.1. Recognition of review topics 
After repeated attempts, it is determined that the number of topics is 

five, and the number of iterations is 1,500. These values signified that 
the model had optimal perplexity, and the clear distinction between key 
topics achieved effective text clustering. Table 1 shows the results of the 
extracted LDA topics, including Service (T1), Room (T2), Cleanliness 
(T3), Location (T4), and Value (T5), which had all been presented in 
previous studies (Guo et al., 2017; Hu et al., 2019) Moro et al., 2018; 
Zhao & Xu, 2018). Thus, the extracted scores of the topics for each re
view were retained to prepare for the next step of the study. 

4.2.2. Review sentiment Identification 
Fig. 1 shows the sentiment distribution of reviews in 2019 and 2020 

(the X-axis represents the sentiment value, and the Y-axis represents the 
percentage of reviews in a specific period). Accordingly, the points to
ward the X-axis are reviews with a positive sentiment value (the highest 
being 1), whereas negative reviews are arranged toward the left side, 
with the lowest being 0. Interestingly, the plot shows a nearly identical 
graphical distribution in 2019 and 2020, in which the distribution leans 
to the positive spectrum with a “saddle-shaped” distribution feature. 

4.3. Results of regression analysis 

Table 2 shows the results of the multiple linear regression analysis 
which is carried out to test the relationship between rating and review 
characteristics, including review topic and sentiment. 

Model 1 indicates whether the hotel’s own characteristics are suffi
cient to test the rating of the establishment. According to the analysis, 
hotel grade had a positive effect on hotel rating, and operating years had 
a negative effect on hotel rating. 

Model 2 tests the contribution of review topics to ratings (a measure 
of the likelihood that a particular topic is included in a review). The 
adjusted R-squared increased significantly. All topics had significant 
changes before and after the outbreak of COVID-19, with T1 (Service), 
T3 (Cleanness), T4 (Location), and T5 (Value) contributing positively to 
the score and T2 (Rooms) contributing negatively. 

Model 3 proves that the sentiment was a strong predictor of scores, as 
its introduction substantially increased the adjusted R-squared across 
the model. Upon the inclusion of this variable, the service topic became 
insignificant in the model of the year 2020, where the word “pandemic” 
emerged as a topic. 

Model 4 investigates the moderating effect of sentiment on each 
topic. Among the interaction terms, “sentiment * T1 (Service)” was not 
significant in 2020 (p = 0.063) or 2019. T2 (Room) * sentiment, T3 
(Cleanness) * sentiment, T4 (Location) * sentiment, and T5 (Value) * 
sentiment all showed the conversion of coefficient signs, which entailed 
the non-neutral nature of the words associated with T2 (Room), T3 
(Cleanness), T4 (Location), and T5 (Value). Moreover, sentiment had a 
negative moderating effect on each topic. 

Unsurprisingly, these review topics explained the large difference of 
scores (adjusted R-squared of 0.469 in 2019 and adjusted R-squared of 
0.407 in 2020). In addition, different performances were observed in the 
two years. In terms of explanatory power, the model was significantly 
stronger in 2019 than in 2020, and this model was stronger for the 
period before the pandemic. 

5. Discussion and conclusion 

5.1. Discussion 

A significant difference was observed in hotel customer satisfaction 
before and after the pandemic, with customers being more satisfied with 
hotels after the COVID-19 outbreak. Although this trend may be coun
terintuitive, it was found that even in a crisis, customers indeed would 
be satisfied with hotels. This finding is also supported by the research of 
Mehta et al. (2021) in North America and Europe. In accordance with 
the finding, it can be assumed that hotels in China may be able to 
maintain customer satisfaction by providing expected and desired ser
vice to customers. In addition to traditional service expectation, new 
expectations and service delivery arise due to the preventive measures 
required to be taken by COVID-19, such as social distancing and sani
tization (Das & Tiwari, 2020).Hotels can satisfy new expectations by 
providing safe services, for instance, take-way food rather than eat-in 

Table 1 
Key topics extracted from online reviews by LDA.  

T1: Service T2: Room T3: Cleanliness T4: Location T5: Value 

Reception 0.063 Room 0.051 Cleanliness 0.113 Travel 0.081 Great 0.114 
Breakfast 0.052 Night 0.02 Room 0.077 Location 0.06 Like 0.031 
Service 0.044 Great 0.012 Service 0.056 Around 0.039 Patronage 0.027 
Room 0.022 Not bad 0.011 Comfortable 0.034 Parking 0.039 Feel 0.024 
Staff 0.021 Bad 0.011 Nice 0.032 Subway 0.035 Choice 0.022 
Check 0.021 Soundproof 0.01 Environment 0.028 Convenience 0.031 Check 0.019 
Free 0.017 Price 0.01 Location 0.026 Breakfast 0.026 Friend 0.018 
Pandemic 0.013 Shower 0.01 Facility 0.025 Near 0.017 Environment 0.017 
Lovely 0.008 AC 0.01 Reception 0.021 Downstairs 0.016 Business trip 0.017 
Attitude 0.008 Restroom 0.009 Service attitude 0.02 Transportation 0.014 Recommendation 0.017  
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(Bhaskara & Filimonau, 2021), which reasonably explains customers’ 
being more satisfied with hotels after the COVID-19 outbreak. 

Hotel review characteristics (both topics and sentiments) had a 
strong explanatory power for hotel satisfaction, and the impact of the 
pandemic on hotel satisfaction was mainly reflected in terms of service. 
In other words, service is of particular importance to hotel satisfaction 
during the pandemic (Albayrak, 2015). Although the COVID-19 
pandemic will eventually subside, the negative environment surround
ing the service experience will linger (Barnes et al., 2020). 

Sentiment has strong explanatory power for hotel satisfaction (Xiang 

et al., 2017). With a significantly negative moderating effect, sentiment 
contributes to 52% of customer satisfaction (Barnes et al., 2020). 
Stronger sentiment usually represents higher expectations, as factors 
that may cause customers to be more easily frustrated can reduce their 
satisfaction toward a hotel. The moderating effect of the cleanness 
attribute on satisfaction is significantly stronger in 2020 than in 2019 
possibly because customers have higher expectations for this aspect in 
2020. Unless a hotel meets customer expectations, the customers will be 
dissatisfied more easily. 

Fig. 1. Sentiment distribution of reviews in 2019 and 2020.  

Image 1. Sample of hotels displayed on Ctrip.  
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5.2. Conclusion 

Almost all hotels were impacted by COVID-19, however, whether 
hotel customer satisfaction and its influencing factors have changed or 
not has not been studied so far. To fill this gap, 4,942 hotels in Chengdu 
displayed in Ctrip were selected to obtain 52,449 valid reviews from 
February to May 2020 and 104,613 valid reviews from the same period 
in 2019. LDA and sentiment analysis were applied to extract the factors 
affecting customer satisfaction and their emotional strength before and 
after the pandemic. Then, multiple regression models were established 
to compare the differences of the impact of each factor on hotel customer 
satisfaction in different periods. 

This finding shows that hotel customer satisfaction before and after 
the COVID-19 outbreak has a significant difference. To be more specific, 
hotel customer satisfaction becomes higher after the pandemic. Service, 
Room, Cleanness, Location, Value and Sentiment all impact customer 
satisfaction significantly before the pandemic, however, Service no 
longer has significant impact on hotel customer satisfaction after the 
pandemic, hence one of the main factors significantly affecting the shift 
in customer satisfaction is Service. Such a finding is in conformity with 
that of Yang and Lau (2016) who suggested that service quality is the key 
to customer satisfaction. 

5.3. Theoretical implication 

The findings of this study can provide a series of important enlight
enment for the research on the effects of UGC on customer satisfaction 
during a crisis by extracting information from online reviews. First, the 

study confirms that a hotel can have satisfied customers even in the 
unprecedented and highly unpredictable COVID-19 crisis. The COVID- 
19 pandemic will be a new normal like climate change, with long- 
lasting effects on society (Gössling et al., 2020). This study has intro
duced a long-term goal—customer satisfaction—into the field of hotel 
crisis management and compares the satisfaction of hotels before and 
after the outbreak of COVID-19 crisis. Indeed, hotel satisfaction has 
changed after the COVID-19 outbreak. 

Second, this study provides new explanatory variables for the 
influencing factors of satisfaction—review topics and sentiments. Both 
review topics and sentiments have strong explanatory power for satis
faction (ratings) in the study. In the product evaluation context, the non- 
sentimental words represented by a review topic may convey emotional 
connotations similar to the effect of emotional words. This characteristic 
is consistent with the study of Xiang et al. (2015) wherein topical 
“factors” generated from review texts are highly correlated with the 
rating. 

Finally, this study sheds light on the link between the topics of 
customer experience and their satisfaction displayed in online reviews, 
which turns out to be in consistency with the findings of Crotts et al. 
(2009) and Zhang and Cole (2016), suggesting that UGC (e.g., online 
reviews) can be used to identify meaningful structures between aspects 
and attributes related to hotels and tourism products. Moreover, this 
conclusion is applicable before and after the outbreak of COVID-19. 

5.4. Managerial implications 

This study is quite pragmatic for management practice. Firstly, by 

Image 2. Sample of online reviews on Ctrip.  

Table 2 
Regression analyses of the relationship between ratings and review characteristics.   

Model 1 Model 2 Model 3 Model 4 

Year 2019 
N = 3142 

Year 2020 
N = 3308 

Year 2019 
N = 3142 

Year 2020 
N = 3308 

Year 2019 
N = 3142 

Year 2020 
N = 3308 

Year 2019 
N = 3142 

Year 2020 
N = 3108 

(constant) 4.421 4.592 4.383 4.552 4.395 4.551 4.446 4.623 
Rating .277 .147 .219 .128 .172 .106 .146 .079 
Opening time -.022 -.016 -.014 -.008 -.013 -.006 -.013 -.007 
Service   .091 .044 .049 0.025 (p=0.063) .045 0.014 (p=0.277) 
Room   -.418 -.352 -.239 -.230 -.214 -.183 
Cleanness   .124 .142 .054 .067 .078 .118 
Location   .107 .053 .119 .076 .099 .052 
Value   .182 .151 .050 .045 .093 .072 
Sentiment     .295 .262 .315 .233 
Service * Sentiment       0.015 (p=0.1) 0.014 (p=0.063) 
Room * Sentiment       .035 .034 
Cleanness* Sentiment       -.064 -.083 
Location * Sentiment       -.064 -.051 
Value * Sentiment       -.048 -.055 
R-square .051 .022 .319 .283 .419 .368 .472 .409 
Adjusted R-squared .051 .021 .318 .281 .417 .367 .469 .407 

Note: Unlabeled p-value is p < 0.001. 
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revealing that customers can be more satisfied with hotels after the 
COVID-19 outbreak, hotel managers can become more confident in 
managing customer satisfaction. Secondly, the study offers a new 
approach to listen to the voice of customers through which hotel man
agers can ascertain the important dimensions of consumer satisfaction. 
For example, T2 (Room) affects hotel customer satisfaction negatively 
before and after the COVID-19 outbreak, thus it can be presumed that T2 
(Room) might be the source of complaints and dissatisfaction. 

Hotel managers can also monitor the trends of customer satisfaction 
through the voice of customers so as to make corresponding adjustments 
strategically. For example, after the outbreak of the pandemic, service 
becomes critical for hotel customer satisfaction. Hotel managers should 
make sure that guests are aware of the special situation brought about by 
COVID-19 and convince their customers that safe service is guaranteed. 
Specifically, hotels can introduce artificial intelligence (AI), service ro
bots and other new technologies to effectively improve the service 
quality and reduce the perceived risk of customers. 

5.5. Limitations and Prospects 

This study has two main limitations in choosing Chengdu as a case 
study location. Each city issues different public health emergency 
response measures for the COVID-19 pandemic. As such, the effect of 
these circumstances on customer satisfaction is not consistent. There
fore, follow-up studies should cover more cities to reinforce the findings 
of the current research. The conclusions of this study may not be 
applicable to all situations, as the pandemic has not been subdued at the 
time of writing. Further studies can make more sufficient arguments 
based on the development of the pandemic by following up the research 
using multiple crawling data. According to the current results, addi
tional research may also include offline customers by combining ques
tionnaires or further considering qualitative research methods in the 
future. 
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