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Abstract

The COVID-19 pandemic affects food industry largely. In this study, the data of online reviews are collected from
dianping.com during the outbreak and stable period of the COVID-19 pandemic in China, and the rules in
combination with the statistical methods are adopted to train the dictionary of restaurant phrases. After the K-means
algorithm is adopted to cluster the phrases in the dictionary, and the cluster class tags are defined, the
co-occurrence analysis and the wordcloud analysis are conducted on the reviews. As indicated from the results,
consumers pay attention to the three basic elements (i.e., services, environments and tastes), as well as to the social
distance between people; Consumers who are more concerned about the pandemic situation raise higher
requirements on environmental health issues than ordinary consumers, and place stress on the acquisition of
security. As revealed from the mentioned results, restaurants should primarily take measures to maintain safe social
distance between people and raise more rigorous environmental hygiene requirements on the environment. This
method is served as a reference for the further online reviews analysis and provides implications for the
management of the restaurants in COVID-19 pandemic period.
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|. Introduction

The COVID-19 pandemic in 2019, inconsistent with natural disasters, accident disasters, social security and other
types of emergencies, has a greater spreading speed and exhibits considerable harmfulness [1]. It imposes a great
crisis on the entire restaurant industry, and restaurants in numerous countries and regions were forced to close in the
early 2020 [2]. Since May 2020, the pandemic in China has been progressively controlled, and restaurants in various
places have begun to reopen. As impacted by the threat of the virus and the strong desire for social communication
simultaneously, people's consumption behaviors and attitudes start to shift.

To study the effect of the pandemic on the restaurant industry and consumer behaviors, Juan Palacios et al. [3] used
the GPS information of the participants' smart phones to find that the more restaurant consumers around the
participants, the greater their willingness to consume. Huang Jusong [4] analyzed the effect of the pandemic situation
on restaurant stocks by using the restaurant business data and regression analysis method. Yu et al. [5] studies the
main factors that affect the positive income of restaurant enterprises in the pandemic. However, the experiment has
the disadvantages of high cost and taking long time, and the researches on the effect of pandemic situation on
restaurant enterprises from the perspective of consumers are insufficient. Thus, we obtained massive online review
information through a web crawler. The mentioned online reviews can help other consumers get the valuable
information, and reflect consumers’ reviews emotion the restaurant should be concerned with.

Text mining is capable of discovering potential knowledge, connections and patterns from considerable unstructured
text information. On the whole, the text mining of online reviews complies with words [5-7]. However, the
mentioned analyses are easily impacted by word frequency. To determine the topic of online reviews, the LDA
model [8] and the manual recognition method are primarily used [9]. However, a problem of text sparsity is caused
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when the LDA model is being applied in reviews, and a problem of a high subjectivity in the subjects is triggered
when identified manually.

To address the mentioned problems, phrases have more complete meaning expression than words, so this study
constructs the phrase dictionary by studying the changes and concerns of restaurant consumers in the pandemic
period. First, the crawler technology is employed to collect the reviews from dianping.com website, and then the
phrase dictionary of online reviews in the pandemic period is built by combining the statistics-based and rule-based
methods. Lastly, the content and emotion of consumers are analyzed through the visualization in the pandemic
period.

I1. Related Research

2.1 Text Mining

Text mining, i.e., text knowledge discovery, aims to analyze considerable text data and discover, extract and process
the hidden knowledge [10,11]. In the era of big data, text mining is recognized as the vital research object of scholars.
For text mining methods, Blei et al. [12] proposed an LDA model capable of recognizing text topics by complying
with the Bayesian model and the principle of the probability theory. Mikolov [13] developed the Word2vec model,
thereby significantly improving the efficiency of the word vector training. Goswami and Shishodia [14] studied how
to exploit the fuzzy logic to aggregate documents in text mining. Specific to application, today's text mining has been
extensively used in fields (e.g., biomedicine [15], tourism [16], social media [17], and technology education [18]).
However, the existing text mining mostly employs vocabulary as the analysis unit, and the study on the phrase as the
analysis unit remains insufficient. Compared with vocabulary, phrases have more complete semantics, and they are
not easily affected by word frequency in text mining, thereby adversely affecting conclusions.

2.2 Phrase Mining

Phrase is considered a continuous lexical sequence in this study. It is a semantic unit formed in a specific context of
the text. Compared with words, phrases are the semantic units formed in grammar and semantic structure. In contrast
with words, phrases are more complete in grammar and semantic structure, and they cover more explicit semantic
information, capable of expressing a specific topic more intuitively and accurately [19, 20].

Existing phrase mining methods largely fall to three categories, i.e., rule-based methods, statistics-based methods
and hybrid methods. The first rule-based method predefines part of speech tagging rules and other rule templates
through the scientific research of linguistics. However, the mentioned rule templates exhibit the poor applicability
and portability [21, 22]. The second method based on statistics refers to extracting phrases by using related
algorithms and machine learning [23]. However, such a method requires considerable corpora for training. The
hybrid method aims to integrate the methods based on statistics and rules, which is the mainstream method of phrase
mining and the method adopted here.

2.3 Text Visualization

Text visualization exploits graphic images or animation to express text information that enables people to efficiently
acquire the key information covered in the text information and improves the efficiency of information processing
[24]. The main study on text visualization involves visualization based on text contents and text relationships. On the
whole, the visualization based on text contents addresses the problem of how to enable users to efficiently understand
the subject of the text. The most typical form of visualization refers to a tag cloud [25]. After the tag cloud is laid out
with beautiful and complex rules [26], it tends to be the present common wordcloud. The wordcloud is capable of
setting the font size and color according to the frequency of words appearing. Visualization based on text
relationships is adopted to help people understand text contents and discover knowledge. The common form of
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visualization is the co-occurrence analysis. Furthermore, the co-occurrence analysis graph is capable of discovering
potential knowledge and the correlation characteristics between knowledge in the text [27-29].

I11. The Process of Constructing the Phrase Dictionary and the Visual Analysis

To build a dictionary of restaurant phrases to gain insights into the demands and changes of users, this study divides
the main analysis into three aspects, i.e., data collection, phrase mining and visual analysis (Fig. 1). Overall, the data
collection module adopts a web crawler to collect online review data. The phrase dictionary building module largely
employs the combination of statistics-based and rule-based methods to build a reusable phrase dictionary of online
reviews in the pandemic period. The visual analysis module conducts the cluster analysis, the co-occurrence analysis
and the wordcloud analysis, and finally draws conclusions to provide the decision support for restaurants.

Fig 1: process of constructing phrase dictionary and visual analysis

IV. Construction of the Phrase Dictionary

After online reviews are obtained, the review collection is mined to build a phrase dictionary. First, the online
reviews are grabbed by writing a python crawler. Subsequently, the adjacent phrase mining method is adopted to
extract candidate phrases. The combination of the statistics-based and rule-based methods is employed to filter
candidate phrases. Since the language of online reviews is not standardized, a more standardized phrase dictionary
should be built through the artificial judgment and selection.

4.1 Data Source

Dianping.com refers to a leading local life information platform in China and one of the earliest independent
third-party consumer comment websites worldwide. It offers users business information, consumer reviews and
discounts information. In this study, a web crawler is adopted to scrap the comment information from December
2019 to December 2020 from the public comment website (e.g., 2324 restaurants and 317478 reviews).

After the crawler is used to get online reviews, this study processes the reviews to get the phrase database of
restaurant reviews during the pandemic.

4.2 Text Preprocessing

Before the restaurant phrase dictionary is built, this study first preprocesses the reviews. Chinese punctuation, facial
expressions and numbers are removed, while only Chinese characters are retained. Next, based on the stop words of
Harbin Institute of technology, the stop words are removed, and the comment information is segmented. Besides,
part of the speech is annotated by Jieba word segmentation tool. After the text preprocessing, the text corpus of the
online reviews is obtained.

4.3 Candidate Phrase Extraction
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To extract candidate phrases, this study selects the adjacent phrase mining method. According to segmentation
sequence T = {t,, t;,t,, ..., t,}, the phrase P, is generated by integrating t, and t;, and phrase P; is generated by
combining t,, t;and t,. Likewise, this study creates P,, P; to B,. When the phrase set D = {Py, P;, P, ..., B,}
generated by the document M is being formed, the number of occurrences of the generated phrase P; is C; and
others, the number of occurrences of B, is C.,. Next, the score of Eq. (1) acts as the measure of the optimal match
[30]. Eq. (1) expresses a generalized form of statistical method:

6Cpn
(1—Ml)3Ctn @)
Among Eq. (1), 4 and o are manually defined parameters, which are phrases of words and phrases to set offset
weights. Whether the phrase P is a high-frequency phrase is determined by the phrase importance E. when E exceeds
1 (E > 1), it is added to the candidate dictionary D. The algorithm is built as the phrase is generally composed of
adjacent words, and it is a regression model. Accordingly, in the form of left to right combination, all possible phrase
sets can be enumerated in a sentence. Besides, in the task of building a dictionary, the selection of high-frequency
words acts as a vital factor. By Eq. (1), the correctness and collocation of phrase combination can be calculated.

E=(1-Cpy +

4.4 Candidate Phrase Filtering Based on Rules

After phrases are extracted by mining adjacent phrases, there are numerous inferior phrases. Accordingly, this study
filters the part of speech combination of phrases before constructing the phrase dictionary. The following eight rules
of phrase part of speech combinations are adopted:

. adjective + noun

. adnoun + noun

. verb + noun

. houn + verb

. locative noun + noun

. houn + noun

. houn + noun + noun

. houn + gerund + noun

0 N O WDN P

4.5 Candidate Phrase Filtering Based on Statistics

Information entropy is adopted to express the concept of information uncertainty. The higher the information
uncertainty, the greater the information entropy will be. The left and right information entropy of the target phrase
can examine the uncertainty of the left and right boundaries of the target phrase. The larger the left and right
information entropy of the target phrase, the more uncertain its left and right boundaries will be, and it is more likely
a complete phrase [31]. The equations of left information entropy and right information entropy are expressed as:

LE(s) = — Xier P(Is[s) log, P(Is|s) (2)
LE(s) = — Xier P(Is[s) log, P(Is|s) (3)

Where S denotes the target phrase; L and R represent the left and right adjacents of the target phrase, respectively; L
is the set of all the left adjacents of S; R expresses the set of all the right adjacents of S; P(ls|s) is the conditional
probability of co-occurrence of L and s when s appears; P(rs|s) is the conditional probability of co-occurrence of R
and s if s appears. The larger the values of LE(s) and RE (s), the more uncertain the left and right adjacents of the
candidate phrase will be, and the more probably s will be a complete phrase.

Next, the C-value of the phrase to filter is calculated [32]. Before a phrase is included into a dictionary, whether the

phrase is in a longer phrase should be considered. If so, which phrase to keep is considered. The calculation of

C-value largely complies with the following logic, i.e., the C-value of a candidate phrase is directly proportional to
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its word frequency in the domain corpus, and inversely proportional to its length. If the candidate phrase is nested, its
weight will decrease. The calculation equation of C-value is expressed as:

log, |A| * f(A), A is not nested
C — value(d) = {log2 |A| * f(A) — ﬁzgﬁ) f(b;), others )

A denotes the target phrase; |A| represents the length of the candidate phrase; f(A) expresses the frequency of the
candidate phrase in the corpus; b; is the candidate phrase nested A; C(A) represents the number of candidate
phrases nested A. C-value is easy to use, exhibiting a high applicability and a significant phrase screening effect.

To obtain high-quality phrases and improve the reusability of the phrase database of online reviews, the candidate
phrases should be screened again through the artificial judgment. The irrelevant phrases and wrong phrases were
removed to form a reusable phrase library of food and beverage reviews in the pandemic period. Lastly, a dictionary
of 3433 phrases is generated.

V. Visual Analysis
5.1 Cluster Analysis

The established phrase lexicon is taken as the word segmentation dictionary to process all the reviews again; then the
word vector model is used to train the segmentation results, so a word can be represented by a vector. Next, the word
vectors corresponding to phrases are clustered by using K-means algorithm. The number of K-means clustering
clusters is defined as 10 by calculating the sum of square error; after clustering, each class is labeled according to its
phrase description. The sample phrases in the respective cluster are listed in Table 1:

Table 1 phrase clustering results

Cluster label Examples of phrases in clusters
1 Taste and.evaluation of dishes and ingredients, the seasoning is good, full weight, clear grains, good
dishes taste
2 Serwﬁgﬂé‘:e and good service, self-service, service attitude, friendly service, reception at the door
3 Customer experience feeling good, very bad, good impression, disappointment, surprise

not hard to find, the atmosphere is good, the environment is good, the traffic is

4 Environmental location . - . .
convenient, the air conditioner is on

no need to line up, queue ended fast, very popular, the queue is very strong,

5 Queing making an appointment and waiting in line
6 Business Booking picking up the number,_ book_ in advance, no need to make an appointment,
business is very good, overcrowded

7 promotion tactics half price coupons, super affo_rdable, pac_kgge coupons, package discounts,
discount activities

8 Taking out packing and going back home, taking put platform, ordering takeout, packing
box, taking away

9 cost performance cheap and affordat?le, low cost_ performance,_average cost performance,

especially expensive, consumption per person
10 Pandemic prevention and wearing a mask, taking preventive measures, sitting apart, hand gel, body
control temperature registration

As indicated from Table 1, the main types of food comment phrases in the pandemic period consist of "dish taste and

evaluation”, "service attitude and measures"”, ""customer experience", "environmental location", ""queuing situation”,

"business reservation", "promotion tactics", "taking out", “cost performance", as well as "pandemic prevention and
control”. The mentioned phrases describe the specific situation of a certain type of tags, and contain more complete
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semantic information than a single word, which can improve the readability and accuracy of the visual analysis
results.

5.2 Co-occurrence Analysis

After the synonyms of phrases in phrase knowledge base are merged, python language is used to write code to create
phrase co-occurrence matrix (top 500 co-occurrence frequency), and social network analysis tool Gephi is adopted to
mine and visualize phrases. The graph of co-occurrence reveals the co-occurrence network relationship of
high-frequency phrases: the larger the node, the higher the degree of centrality will be, thereby indicating that the
more frequent it appears in online reviews, the more words it will be connected with. The connecting lines of nodes
indicate the co-occurrence relationship between phrases; the thicker the lines are, the closer the feature relationship
will be. The knowledge element with large nodes and the thick lines refer to the main reflection of online users’
perception after consumption in offline restaurants, which directly reflects the changes of consumers' concerns and
attitudes in the pandemic period. The results of the co-occurrence analysis are illustrated in Fig. 2:
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Fig 2: visualization of phrase co-occurrence analysis

Through the analysis of the network structure of the picture, it shows that:
1. As indicated from the high centrality of "good service", "service attitude", "fresh and delicious", "cost-effective",

"good environment”, ""serving speed" and others, users will largely concentrate on services, tastes, environments and
prices when consuming food in the pandemic period. Moreover, the mentioned words are closely connected.

2. "Pandemic period" and "no queuing" are closely connected, which reflects the effect of the pandemic on the
business of restaurant stores, while revealing consumers' reluctance to have considerable contact with people in the
gueuing process in the pandemic period.

3. Pandemic period"” is connected with phrases (e.g., "packing and going back home", "wearing a mask", "siting
apart” and "hand sanitizer gel™), which plays a guiding role in the service mode of businesses in the pandemic period.
To be specific, the co-occurrence analysis of phrases in "pandemic prevention measures” is presented in Fig. 3. It
includes "during the pandemic period", "after the pandemic"”, "pandemic prevention measures”, "wearing masks",

"separate seats", ""showing health code", "body temperature registration", "hand sanitizer gel" and "chopsticks and
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spoon”. To be specific, "during the pandemic™ and "wearing masks" are closely linked, and there is a tight link
between "hand gel" and "body temperature registration".
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Fig 3: visualization of "epidemic prevention measures"” cluster

5.3 Wordcloud Analysis

Furthermore, consumers fall to two groups: the people more concerned about the pandemic situation, as well as the
general population. The criterion for distinguishing the two groups is presented below. If a user's reviews involve
phrases in the pandemic prevention and control category, the user is considered more concerned with the effect of the
pandemic during the meal. Subsequently, the differences between the two types of user reviews are compared to gain
insights into the key points that restaurant should stress in the pandemic period. Fig. 4 illustrates the wordcloud of
reviews that are more concerned about the pandemic situation than general user reviews.
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Fig 4: cloud chart of epidemic situation concerned Vs ordinary user reviews
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The most common phrases in the wordcloud of general user reviews consist of "delicious"”, "service attitude",
""cost-effective™, "no need to queue up”, "decoration style”, "instant entrance" and "will come again™. For consumers
more concerned with the COVID-19 pandemic situation, the wordcloud covers considerable phrases (e.g., "no
waiting", "clean and tidy", "order takeout", "retaliatory consumption”, "don't worry", "cost-effective", "every other
table" and "retaliatory consumption™). Consistent with the general users, the users more concerned with the
pandemic also highly care for the service attitude and cost performance. However, consumers with the concern of the
pandemic situation pay more attention to the following: focus on the hygiene of restaurant environment; require the
pandemic prevention measures being taken by restaurant enterprises in the pandemic period to gain a sense of
security; keep the social distance between people.
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VI. Conclusion

The mining and analysis of online reviews on food and beverage in pandemic period can help understand consumers'
consumption. Given the defects of conventional text mining based on the vocabulary granularity and the LDA
model, this study selects the phrase granularity to build the phrase database in the pandemic period. A reusable
phrase dictionary is built by combining statistics-based and rule-based methods. Subsequently, the cluster analysis is
conducted on the phrase dictionary. Thus, the co-occurrence analysis and the wordcloud analysis are conducted to
lays a decision-making basis for restaurants.

As revealed from the visualization results, in the pandemic period, the public concentrate on the restaurant service
environment, as well as the social distance between people. Compared with other consumers, consumers more
concerned with the pandemic situation will care about the sanitation of the restaurant environment, and highlight the
pandemic prevention measures of restaurant enterprises to obtain a sense of security.

The subsequent research will primarily address the following two problems. Before online reviews act as the corpus
to train the phrase dictionary, false reviews can be distinguished and removed to obtain a higher accuracy. The
dictionary training method is optimized to reduce the workflow of the manual judgment, which can underpin the
extensive establishment and application of the phrase dictionary in a wide range of fields.
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