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Abstract: Social media engagement is a vehicle for effective communication and engagement between
governments and individuals, especially in crises such as the COVID-19 pandemic. Additionally, it
can be used to communicate resilience measures and receive feedback. This research aims to investi-
gate public social media engagement with resilience measures related to COVID-19 in Macao. We
examined 1107 posts and 791 comments about the government’s face mask supply and consumption
voucher schemes on Facebook. Using the Crisis Lifecycle model, we partitioned the data and ana-
lyzed the content and engagement of related posts, as well as the word semantics in user comments.
Our findings show that social media engagement in these resilience measures is high and positive in
the early stages of the pandemic, suggesting social media’s potential in mobilizing society, preserving
social resilience, and serving as a two-way communication tool in public health emergencies.

Keywords: content analysis; COVID-19; Facebook; governmental scheme; social media

1. Introduction

The ongoing global COVID-19 pandemic has brought substantial numbers of infections
and deaths worldwide and at the same time affects the global economy [1]. With the rapidly
changing and uncertain nature of the SARS-CoV-2 virus, it is important for governments
and public health authorities to react promptly and share accurate information with the
public [2] to let individuals participate in fighting against the virus. Among the different
platforms, social media is widely used to facilitate communication between governments
and individuals [3]. An increasing number of studies have investigated the effect of
social media on the prevention of COVID-19 and raising awareness of the public [4,5],
vaccinations [6,7], and dispelling COVID-19 controversies [8-10].

COVID-19 affects public health, disrupts the supply chains of daily and medical sup-
plies, and affects local economies, hence preserving social resilience for future recovery
is an important post-COVID-era task [11]. Here, we define the concept of resilience as
the “ability to recover from a crisis and bounce back” as defined in [12], and the litera-
ture shows that governments have taken different resilience measures with the hope of
returning to normal [13-15]. Although researchers have, on one hand, been focusing on the
governments’ use of social media for public health measures, citizen engagement on social
media on resilience and financial support measures on the other hand is under-researched.
It is also unclear whether social media is useful when communicating governments’ re-
sponses on socio-economic recovery. As such, this research aims to look at public Facebook
engagement toward resilience measures during the pandemic, using the COVID-19 re-
sponses from the two government schemes of the Macao Special Administrative Region
(SAR) Government.
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Our interests focused on the face mask supply scheme [16] and the consumption
voucher scheme [17] that were provided by the Macao Government during the COVID-19
pandemic. These schemes were selected because of their substantial and controversial
nature during the COVID-19 pandemic [18]. Face masks, as basic protection, were perceived
to reduce the risk of infection at the beginning of the pandemic [19]. Due to the preliminary
lack of supplies, it was difficult to obtain face masks amid hoarding and speculation [20].
Meanwhile, the Macanese tourism, hotel, and gaming industries were severely affected,
and enterprises were forced to a halt [21]. The subsequent restrictions further caused
the paralysis of the economy. Hence, consumption vouchers were considered as the
government’s attempt to revive the economy by addressing needs on living costs and
increasing residents’ purchasing power [16,17]. Both schemes are considered as public
health emergencies for all Macanese residents.

This paper leverages the different stages in Fink’s Crisis Lifecycle model [22] to
examine the use of social media by the Macao Government at different time points in a
public health emergency, as well as how the public responded and engaged its resilience
measures. The Crisis Lifecycle model defines four stages: prodromal, acute, chronic,
and resolution. The prodromal stage develops before the occurrence of crises, where the
focuses include the management of potential hazards and vulnerabilities and strengthening
guidelines for the rectification of hidden dangers. In the acute stage, crises grow rapidly,
and the main goals are to monitor, track, and control the crisis, with the hope to avoid
its deterioration. The chronic stage signals the ease of crises which requires reducing
damage, effective coordination, and maintaining resources (such as budget and manpower)
to keep controlling the situations. Finally, the crises are concluded in the resolution stage
where governments should investigate and learn lessons from the aftermath and avoid
future crises. Each stage in this model has its purposes, and therefore our motivation is to
investigate the different use and public engagement of social media at these stages.

Facebook, as a popular social media platform, is an important venue for commu-
nication between the government and the larger public [23]. A local survey found that
nearly 70% of Macao Internet users use Facebook [24], and the Macao Government has
been using Facebook as one of the channels to share information. Therefore, it can be seen
as a probe for analyzing the reception of resilience measures in Macao during public health
emergencies [25]. Informing citizens of critical information on social media relieves the
concerns of local communities thus increasing social resilience [11]. Social media has played
a role in communication and mobilization [4] as an effective two-way communication tool
during public health crises [26]. A better understanding of how social media engagement
is formed will be beneficial to handling future public health crises using social media.

2. Background

Macao, a populated city in Southern China, has a micro-economy and is renowned
for its gaming and tourism industry [27]. This economic structure makes it prone to the
impacts brought by regional and global public health measures against COVID-19 [28].
Measures such as city lockdowns and travel restrictions have significantly reduced the
number of tourists [12,29]. This heavy blow to the hospitality industry was reported shortly
after the emergence of COVID-19 in nearby regions [14,29], and a small city like Macao
with a high population density could lead to a high number of infections [21]. To avoid this,
the Macanese Government took stringent approaches to prevent and control the virus in its
early stages [30]: A 24/7 COVID-19 Coordination Center was established with the Chief
Executive of the Macao SAR as the chairman [15,23], and border control was imposed in
the first half of 2020, which resulted in the city’s COVID-free status for 130 consecutive
days [12].

When the COVID-19 pandemic reached the city, previous experience suggested that
using a face mask reduces the likelihood of contracting the virus [31] and was therefore
enforced in public spaces such as public transportation, schools, and government offices.
However, the supply of face masks was constrained in the early parts of 2020 [21]. The
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outbreak in China also greatly reduced the efficacy of face masks, with the consequent rise
in infection numbers causing panic buying among residents [20]. Here, the government
introduced a face mask supply scheme [16] to integrate its procurement, quality control,
and sales. As a result, residents could purchase face masks with guaranteed availability
and prices, effectively preventing looting and market speculation [20]. This measure is one
of our research’s focuses given its perception as a critical response by the government at
the earlier stage of the epidemic to mobilize and stabilize individuals [20,21].

Strict border restrictions and other preventive measures undoubtedly affected the
Macanese residents and economy [21]. The gross revenue from gaming, one of its major
industries, dropped substantially by about 80% in 2020 with the pandemic [32], and the
occupancy rate of hotels fell to approximately 15% [29]. Ultimately, the Gross Domestic
Product (GDP) of Macao dropped by nearly 50% in the first quarter of 2020 [29]. To
stir socio-economic resilience and recovery, the government launched multiple rounds
of consumption voucher schemes [17], with the first round launched in mid-2020. The
initial consumption voucher scheme offered eligible residents an electronic cash voucher
with MOP 3000 (equivalent to USD 375) to spend locally for three months, injecting a total
consumption power of MOP 2.2 billion (USD 275 million) into the local market [33]. The
scheme was successful in reviving the consumer market and business environment and was
considered a key policy in maintaining social resilience and the recovery of both the tourism
sector and the local economy [34]. We studied the engagement of this measure given its
pivotal role in supporting the economic needs of the community, which can illustrate the
engagement on social media from an angle different from public health in the middle of
the outbreak.

3. Methods

User-generated online data such as social media and online health community posts
can reflect the views, preferences, and behaviors of people [35,36]. Given the increased us-
age of social media during the pandemic [37] and the popularity of Facebook in Macao [24],
this work focuses on the social media engagement on this platform. Below explains how
we collect Facebook data, partition data according to crisis stages, and perform different
analyses on the data.

3.1. Defining Crisis Stages

Based on the Crisis Lifecycle model [22], the entirety of 2020 was divided into stages
and analyzed accordingly. The divisions used were the prodromal, acute, and chronic
stages. The resolution stage is not used in this work as the global pandemic continues and
has not reached its end. The definitions of the crisis stages used in this paper are listed in
Table 1. For the acute stage in this event, the end of an outbreak (i.e., the end of the stage)
can only be declared when there are no further infections after two incubation periods
(28 days of the original strain of SARS-CoV-2) [23,38].

3.2. Data Collection

The researchers used a customized Python script to crawl posts and comments with
the keywords related to face masks and consumption vouchers from Facebook every day.
The range of data collection included the Government’s official Facebook pages and the
pages of large local news outlets. The duration of data collection was from 1 January 2020
to 31 December 2020. 1107 posts and 791 comments relating to the abovementioned two
schemes were collected.

3.3. Data Analysis

In this study, three data analysis methods were used, including content analysis,
social media engagement analysis, and word frequency & semantic network analysis. We
performed content analysis on posts and engagement analysis by totaling the likes, shares,
comments, and other reactions [6,39]. The content analysis approach studied complex



Int. |. Environ. Res. Public Health 2022, 19, 8976 40f12

public health phenomena by transforming a large amount of textual data into systematic
themes and categories [39], which is useful for us to extract key themes from the posts and
understand what topics were covered.

Table 1. Crisis stages of the first COVID-19 outbreak in Macao.

Crisis Stage

Definition Start Time End Time

Prodromal

This comes before the actual crisis, and its focus is . The first confirmed COVID-19
- . The start of the current analysis
to prevent or delay the crisis from happening. case

Acute

After the prodromal stage, the acute stage is
signaled by the sudden onset of the event, and the . . 28 days after the last case of local
; . . The first confirmed case -
event often develops rapidly. The main goals lie in transmissions
controlling the crisis and avoiding its deterioration.

Chronic

The crisis situation begins to ease in this stage and
its appearance is less dramatic in appearance. As
such, the focus should be on relieving controlling  The first day after the acute period The end of the current analysis
measures, reducing damage, and initiating the
steps towards recovery.

Resolution

The crisis is over at this stage. Learnings should be
synthesized for preparing the responses to future =~ Not applicable (since the world is still in the middle of the pandemic at
crises and the society/organization is returning to the time of writing, this stage is not applicable).

normal.

Next, we evaluated the engagement of the posts that were relevant to the policies to
gauge the posts” efficacy in public communication. Consistently [23,26], the engagement
on social media was measured by the sum of the four different emotions expressed by
Facebook users, with details listed as follows:

(1) Positive emotions which included likes, love, and care emotions expressed along with
the posts

(2) Negative emotions which included angry and sad emotions

(3) Numbers of comments which reflected the commitments and motivations of interac-
tions and discussions

(4) Numbers of shares, which reflected content recognition and reach.

Since the comments on the Facebook posts could reflect their areas of concern and
their thoughts on the measures, we performed word frequency analysis to highlight the
outstanding keywords among these comments [40]. To further examine the relationships
among words and understand their substantive meanings, we also conducted a semantic
network analysis of words [41]. We employed popular word segmentation libraries in
Python: PKUSEG [42], NLTK toolkit [43], and NetworkX [44] to calculate word occurrence
and perform the creation of word semantic networks. Inspired by [45], the top 10 words
with the highest frequencies were used. Eigenvectors of words were calculated to denote
the importance of words in the dataset.

4. Results

This section presents the results of our analysis. Our analysis is based on Chinese
because it is the language used by most Macanese. For the purpose of reporting, the content
presented below was translated into English by the authors.

4.1. Content Analysis of Posts

Our content analysis revealed six main themes. It was reported that the economic
measures could support struggling citizens and businesses, especially small and medium-
sized enterprises. Another reporting theme showed government efforts to source and
secure protective gear (such as face masks) for citizens and distribute it to those in need. In
addition, as part of the policy implementation, the government refined and adjusted its
policies through inter-departmental cooperation. Citizens mostly agreed and felt grateful
for these responses. Table 2 displays the list of the themes identified from the data.



Int. |. Environ. Res. Public Health 2022, 19, 8976 50f12

Table 2. Themes identified from content analysis.

Theme

Sample Quotation

Supporting small and medium enterprises

“It is hoped to attract consumers to small and medium-sized enterprises by
issuing electronic consumer vouchers with targeted functions to maintain
consumption momentum and expand domestic demand ... and support the
development of small and medium-sized enterprises and merchants”

Supporting families and citizens with difficulties

“This measure alleviated the pressure of workers due to temporary loss of
income or income reduction and could be considered as people-friendly”

Securing face mask supply

“Due to the very high demand for masks and limited global supply, the Health
Bureau was looking for the supply of masks in different places worldwide . ..
They promised that masks would be supplied immediately once they were
available”

Fine-tuning government measures

“To deal with infectious diseases, continuous optimization (of the measures)
was needed. Because infectious diseases were unpredictable and uncertain,
measures had to be continuously optimized and adjusted. When the epidemic
eases, some measures would be changed or withdrawn”

Providing face masks to students and minority

“The measures introduced by the Higher Education Bureau to assist Macao
students studying abroad to purchase masks largely alleviated the shortage of
protective gear for Macao students studying abroad. The government
provided affirmation and support to them in such a time”

“More than 95% of the interviewed citizens agreed that the government’s face

Appreciation from different groups of citizens mask supply program could prevent the spread of the epidemic, reduce the

panic of buying masks and play a key role in the fight against the epidemic”

4.2. Engagement Analysis of Posts

The results demonstrate a micro perspective of the receptions of the abovementioned
government responses in the prodromal, acute, and chronic-resolution stages. The diagram
displayed the average values of the four metrics (i.e., positive, negative, comments, and
sharing counts) in log scale along with the key development of the COVID-19 outbreaks
in Macao.

4.2.1. Engagement of the Face Mask Supply Scheme

Figure 1 presents the engagement related to face mask supply along with the key
events in the epidemic. As shown in the prodromal stage when the first and the second
rounds of the face mask supply scheme were announced, the public demonstrated strong
engagements with the government with a sharp increase. Among these, the highest metric
was positive emotion, followed by the number of shares, and then the number of comments.
These metrics showed a clear difference from negative emotion, observed as low on face
mask-related content. In the late prodromal and the early acute stages, however, the trend
turned downwards while the government set up the coordination center and the first
patient was subsequently identified.

As the acute stage revealed more COVID-19 cases, the government enforced various
measures such as closing public venues, workplaces, schools, border controls for non-
residents, and even the suspension of casinos which are the economic lifeblood of the
city. Here, the engagement with face mask measures decreased, particularly for sharing
and commenting. After the last local case in 2020 was recovered, positive engagement
about face masks started to consistently increase in the late acute stage. The engagement
also increased when the face mask scheme reached a milestone when 100 million masks
were sold. Moreover, in the chronic stage, positive engagement could be seen as one
apparent reaction, and some negative engagement with higher numbers of shares and
comments appeared after the resumption of tourist entries from nine cities in the province
of Guangdong.
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Figure 1. The engagement of the face mask supply program in the epidemic (X-axis denotes calendar
weeks in year 2020; Y-axis is displayed in log scale; shaded boxes list key events in the epidemic).

Ultimately, face mask-related positive engagements were far higher than negative ones
during the pandemic, and the numbers of shares and comments showed greater values in
both the acute and chronic stages. The engagement on face mask measures suggested that
the public was generally satisfied with the responses from the Macao SAR government.
Each round of the face mask supply scheme was actively disseminated to the public despite
the initial phase of the program being limited by experience and supply chain problems,
which caused a relatively small number of negative reactions.

4.2.2. Engagement of the Consumption Voucher Scheme

Figure 2 displays the trend of engagement on consumption vouchers with key events
listed in the figure. The social media engagement on consumption vouchers appeared
later than the face mask scheme because the former was announced after. From the first
COVID-19 case until the scheme’s announcement, public participation was reflected by
an upward trend, especially for positive emotion, because of the residents” anticipation of
economic support. The numbers of shares and comments were found to also be similar.
From the mid-late acute to the early chronic stage, when zero local acquired cases were
achieved and the consumption voucher scheme started, the positive engagement of the
scheme was observed to be constant. Despite this, the number of comments decreased until
it reached almost zero.

In the middle of the chronic stage, the announcement of the second round of consump-
tion vouchers caused a high number of positive engagement and shares, accompanied by a
high number of comments. The trend remained upward until the end phase of this stage
when the consumption voucher scheme was closer to its termination. Essentially, residents’
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participation during the entire scheme was positive. The sharing and commenting trends
mirrored the trend of positive reaction, while negative emotions could hardly be seen.
The low negativity, high participation, and proactive sharing of the information reflected
the wide acceptance of consumption vouchers and showed the great level of support and
recognition of Macao’s public health emergency responses.

More cases discovered

Close public offices, schools

and childcare

+ Shut down casinos
* Mandated face masks on
public transport

Announcing 2" round

Limit travelers to enter Macao

First case in Macao
Established COVID-19
coordination center

of shopping vouchers

Announcing 1% round
of shopping vouchers

Launch of 2" round of
electronic shopping

Last local transmission

Initial preventive
measures

vouchers

10°

10

Average (Log Scale)

10°

4 6 8 10 12 14 16 18. 20-22 24 26 28 3.0 32 34 36 38 40 42 44 46 48 50 52

discovered in 2020 : Closing of the
¢ | Launch of 1%t round of shopping voucher
electronic shopping vouchers scheme
Positi?e
—— Negative
— Comnﬁents

—— Shareis

N O\

N\

[ Prodromal |

Acute [ Chronic |

Week

Figure 2. The engagement of the consumption voucher program in the epidemic (X-axis denotes
calendar weeks in year 2020; Y-axis is displayed in log scale; shaded boxes list key events in
the epidemic).

4.3. Word and Network Analysis of Comments

Table 3 presents the 10 most recurring words in user comments regarding the face
mask supply program during different stages, accompanied by their eigenvector values. In
the prodromal stage, the comments generally focused on the mask and its supply (such
as where to purchase, convenience, and the amount of supply). During the crisis, masks
became a public product that needed to be state-organized. Therefore, Macanese citizens
were anxious about the sale of protective face masks. In addition, the maintenance of social
order (for example, lining up and the use of ID cards when purchasing), as well as the
quality of masks, received extensive public scrutiny. In the acute stage, the comments
shifted to care and appreciation for frontliners, which showed local support for the policies.
In the chronic stage, the discussion centered on arrangements for the resumption of classes
and childcare, adjacent to the safety of children resuming school. These were reflected by
the word network diagram (Figure 3) as words such as “kids”, “safe” and “go to school”
were connected.
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Table 3. The most used 10 words in the comments about the face mask scheme (N = word frequency;

ec = eigenvector).

Rank Prodromal Stage Acute Stage Chronic Stage
1 pharmacy (N = 26, ec = 0.360) grateful (N =192, ec = 0.485) kids (N =19, ec = 0.491)
_ _ _ _ start of the school year
2 sold out (N = 26, ec = 0.047) cheer up (N =130, ec = 0.416) (N = 15, ec = 0.313)
3 citizen (N = 13, ec = 0.358) you (N =107, ec = 0.486) go to school (N =13, ec = 0.218)
4 line up (N =11, ec = 0.025) everyone (N = 65, ec = 0.223) friendly (N =7, ec = 0.137)
5 convenient (N =9, ec = 0.077) hard work (N = 53, ec = 0.283) problem (N = 6, ec = 0.176)
6 supply (N =7, ec = 0.115) frontline staff (N = 48, ec = 0.205) safe (N =6, ec = 0.081)
flow of people B B o _ B
7 (N =7, ec = 0.028) thank you (N = 48, ec = 0.140) citizen (N = 6, ec = 0.063)
8 quality (N = 6, ec = 0.070) stay safe (N =45, ec = 0.169) tourist (N = 6, ec = 0.049)
9 ID card (N =5, ec = 0.156) hope (N =27, ec = 0.099) school (N =5, ec =0.181)
10 web page (N =5, ec = 0.084) salute (N = 24, ec = 0.062) September (N =5, ec = 0.163)
line up |D(card hope citizen
web page stay safe
soldleyt ——Phafmacy eve;yo“’;\e thankyou i@y fs
T you startof the school year
supply ' quality LA TNX \ problem
\ grat;&élepagj work Sept@nber — KidS
flow of people > 4 | ¥ hSChf’Ol
convenient salute o tijne staff tolrist 8o H@”
Prodromal Stage Acute Stage Chronic Stage
Figure 3. Network diagrams of the face mask scheme in three stages.

Table 4 presents the 10 most recurring words in user comments on the consumption
voucher scheme. Due to the policy’s late introduction, related comments only started to
appear in the acute stage. Here, the public focused on program registration and the use of
consumption vouchers (in the form of Macau Pass, which was an electronic payment card).
Additionally, the discussion involved issues such as the coverage of the vouchers, eligibility,
and the procedure of registration. Followed by the chronic stage, citizens shifted toward the
issue of multiple rounds of consumption voucher programs, such as topping up electronic
voucher cards for reuse and merchant service fees involved in transactions. Figure 4
displays the relationships of words used in user comments, which clearly illustrates the
relevance of “merchant” and “service fee”, and how to “register” for the “first round” and
the “second round” of the scheme.

Table 4. The most used 10 words in the comments about the consumption voucher scheme
(N = word frequency; ec = eigenvector).
Rank Prodromal Stage Acute Stage Chronic Stage

1 register (N =5, ec = 0.033) consumption card (N =7, ec = 0.332)

2 citizen (N =4, ec = 0.391) top up (N = 6, ec = 0.045)

3 original copy (N = 3, ec = 0.234) first round (N = 5, ec = 0.053)

4 No words in this stage because the prqblem (N =3, ec=0.028) register (N = 5, ec = 0.020)

5 scheme was announced after this stage application (N = 3, ec = 0.018) 14 days (N =2, ec = 0.238)

6 8% Macau Pass (N = 3, ec = 0.017) balance (N = 2, ec = 0.114)

7 offshore (N =3, ec = 0.017) reset to zero (N =2, ec = 0.114)

8 anti-epidemic (N =2, ec = 0.382) merchant (N =2, ec = 0.107)

9 grateful (N =2, ec = 0.382) second round (N =2, ec = 0.034)
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grateful problem
citizen 14 days
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Figure 4. Network diagrams of the consumption voucher scheme in the acute and chronic stages.

5. Discussion

Our analysis revealed that the two supporting measures after the emergence of
COVID-19 gained a high level of engagement on social media in different stages of the 2020
outbreak in Macao. Among these engagements, the number of comments and shares also
reached a high level after the announcement of two supportive measures. This suggests
that the public both read pandemic-related information and made use of said information
with commitment, interaction, and reach. Hence, we argue that social media can act as an
effective and engaging channel to communicate resilience measures to the public during
public health emergencies. This bears significance given how governments could easily lose
public trust in extraordinary times, which may lead to a lack of community participation in
disaster relief work [46].

Further, with the evidence of post-traumatic stress disorder from time to time in recent
years, social solidarity has become essential in coping with post-disaster reconstruction
to build community resilience in emergency management [47]. With public and private
entities having access to social media, the platform can enable effective mobilization and in-
formation communication during pandemics. With Macao as an example, communities and
local groups play a vital role in mobilization. These organizations provide services targeted
at different social sectors. Using the “government-owned, privately operated” principle,
the role of traditional associations in Macao in the development of social services cannot be
overstated [48]. Echoing emergency projects led by the Latino immigrant community in
the United States, traditional associations can play a similar role in building community
resilience and social cohesion to speed up communal recovery after a disaster [49]. Our
study shows that these associations can increase their use of social media during public
health emergencies to preserve social resilience and convey protective and supportive
health-related messages.

Government-issued information is sparse during times of crisis. When responding to
crises such as pandemics, governments need to clarify misinformation and let the public
understand the current situation. Therefore, it is crucial for trustworthy information to
be released by officials and consolidate the use of social media through government and
community-led projects, which can be facilitated by the Macanese government. Moreover,
dispelling hearsay is another concern of emergency management, which is why agencies
such as the United States Federal Emergency Management Agency introduced Coronavirus
Rumor Control to help the public distinguish between rumor and fact [50]. Other studies
also advocate the importance of rumor control and regulation on social media during
emergency periods [23].

As shown by the keywords of user comments on Facebook, the Macao Government
has gained the recognition of the public regarding the supply of masks in the COVID-19
response. The assurance of material supply for the public has relieved the panic in society
caused by the burst of rigid demand in the pandemic. Making appropriate arrangements
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while prompting citizens to expect an ongoing trend of the pandemic by having multiple
stages of supporting programs is one of the reasons why the government enjoys great
engagement over time. A dedicated and well-established social media page can act as a
long-term communication tool with the public for pandemic information and resilience
measures. This knowledge should be applicable to other countries/regions not only for
public health crises but also for other types of emergency management.

Apart from appreciation comments, keywords related to daily lives and the imple-
mentation of policies (e.g., back-to-school arrangements for children) can also be seen at
different stages in our analyses. This reflects that the public actually used social media as a
channel to provide feedback and suggestions to the government as the pandemic evolved.
Research has found that governments tend to only carry out one-way communication
(such as announcements) on social media [51], and such an approach is inappropriate and
does not meet citizen expectations in times of crisis. During unprecedented times, public
health responses need to adjust rapidly, and social media can serve as a probe to under-
stand how society reacts to these responses. Social media as a two-way communication
channel between governments and the public will continue to play a crucial role in public
health emergencies.

6. Limitations

Our approaches used in this study have two main limitations: our work is based on a
single case study on Macao and therefore may not be directly applicable to other places
due to different structures of governance. Also, we only collected data from a single social
media application, which is Facebook. While it is the most popular social media platform
in Macao, opinions on other platforms may be unrepresented. However, these may show
the future extension of our research to examine other systems of governance and other
governments worldwide using data from multiple social media websites.

7. Conclusions

As the threats of public health emergencies arise, it is critical to have solid commu-
nication to control the spread of crises and protect lives. With thorough analysis using
Facebook data, we have reviewed the public engagement on social media after the Macao
SAR Government announced and implemented policies of assisting with social resilience.
Our analysis suggests that social media can provide considerable levels of engagement for
COVID-19-related responses at different stages and can be effective for two-way communi-
cation during public health crises with fast-changing situations.

Author Contributions: Conceptualization, K.-S.C. and W.J.; methodology, K.-5.C., P.C.-LP. and
W.J.; software, P.C.-L.P; validation, K.-5.C., WJ. and Y.L.; formal analysis, K.-5.C., W.J. and G.P;
investigation, W.J. and G.P; data curation, P.C.-L.P; writing—original draft preparation, P.C.-LP,,
WJ. and G.P,; writing—review and editing, K.-5.C., P.C.-I.P,, G.P. and Y.L.; visualization, P.C.-L.P;
supervision, K.-S.C.; project administration, K.-S.C. and P.C.-L.P.; funding acquisition, K.-S.C., Y.L.
and P.C.-L.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Grand Thought Think Tank through funding from
Fundacao Macau (funding No. 2089/DC/2022).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is available upon request.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.



Int. |. Environ. Res. Public Health 2022, 19, 8976 11 of 12

References

1. Ahrestha, N.; Shad, M.Y,; Ulvi, O.; Khan, M.H.; Karamehic-Muratovic, A.; Nguyen, U.-5.D.T.; Baghbanzadeh, M.; Wardrup, R,;
Aghamohammadi, N.; Cervantes, D.; et al. The impact of COVID-19 on globalization. One Health 2020, 11, 100180. [CrossRef]

2. Thornton, J. Covid-19: Trust in government and other people linked with lower infection rate and higher vaccination uptake.
BM]J 2022, 376, 0292. [CrossRef] [PubMed]

3. Tsao, S.-F; Chen, H.; Tisseverasinghe, T.; Yang, Y.; Li, L.; Butt, Z.A. What social media told us in the time of COVID-19: A scoping
review. Lancet Digit. Health 2021, 3, e175-e194. [CrossRef]

4. Al-Dmour, H.; Masa’deh, R.; Salman, A.; Abuhashesh, M.; Al-Dmour, R. Influence of Social Media Platforms on Public Health
Protection Against the COVID-19 Pandemic via the Mediating Effects of Public Health Awareness and Behavioral Changes:
Integrated Model. J. Med. Internet Res. 2020, 22, €19996. [CrossRef] [PubMed]

5. Ahmed, W.; Vidal-Alaball, J.; Lopez Segui, F.; Moreno-Sanchez, P.A. A Social Network Analysis of Tweets Related to Masks
during the COVID-19 Pandemic. Int. . Environ. Res. Public Health 2020, 17, 8235. [CrossRef]

6. Ahmed, W.; Vidal-Alaball, J.; Vilaseca, ]. M. A Social Network Analysis of Twitter Data Related to Blood Clots and Vaccines. Int. ].
Environ. Res. Public Health 2022, 19, 4584. [CrossRef] [PubMed]

7.  Zhang, Z.; Feng, G.; Xu, J.; Zhang, Y.; Li, ].; Huang, J.; Akinwunmi, B.; Zhang, C.J.P.; Ming, W.-k. The Impact of Public Health
Events on COVID-19 Vaccine Hesitancy on Chinese Social Media: National Infoveillance Study. JMIR Public Health Surveill. 2021,
7,€32936. [CrossRef]

8. Tang, Z,; Miller, A.S.; Zhou, Z.; Warkentin, M. Does government social media promote users’ information security behavior
towards COVID-19 scams? Cultivation effects and protective motivations. Gov. Inf. Q. 2021, 38, 101572. [CrossRef]

9.  Ahmed, W,; Vidal-Alaball, J.; Downing, J.; Lopez Segui, F. COVID-19 and the 5G Conspiracy Theory: Social Network Analysis of
Twitter Data. J. Med. Internet Res. 2020, 22, €19458. [CrossRef]

10. Shahsavari, S.; Holur, P.; Wang, T.; Tangherlini, T.R.; Roychowdhury, V. Conspiracy in the time of corona: Automatic detection of
emerging COVID-19 conspiracy theories in social media and the news. J. Comput. Soc. Sci. 2020, 3, 279-317. [CrossRef]

11. Mohammed Ali, B. Empowering Healthcare, Economic, and Social Resilience during Global Pandemic Covid-19. Int. ]. Technol.
2020, 11, 291-319.

12. McCartney, G.; Pinto, J.; Liu, M. City resilience and recovery from COVID-19: The case of Macao. Cities 2021, 112, 103130.
[CrossRef]

13.  Mustapa, A.N.; Mohamad, A. Malaysian Government Business Support and Assistance for Small and Medium Enterprises: A
Case of COVID-19 Pandemic Crisis. In Modeling Economic Growth in Contemporary Malaysia; Sergi, B.S., Jaaffar, A.R., Eds.; Emerald
Publishing Limited: Bingley, UK, 2021; pp. 291-305.

14. Fatouh, M.; Giansante, S.; Ongena, S. Economic support during the COVID crisis. Quantitative easing and lending support
schemes in the UK. Econ. Lett. 2021, 209, 110138. [CrossRef]

15. Paunescu, C.; Matyus, E. Resilience measures to dealing with the COVID-19 pandemic Evidence from Romanian micro and small
enterprises. Manag. Mark. 2020, 15, 439-457. [CrossRef]

16.  New Round of Face Mask Supply Scheme Starts Today. Available online: https://www.gov.mo/en/news/124521/ (accessed on
20 May 2022).

17.  Registration for Electronic Consumption Benefits Plan Starts on 10 May. Available online: https://www.gov.mo/en/news /267290
(accessed on 31 May 2022).

18.  Hsu, M.H.K. The Responses and Challenges of COVID-19 in Macao. In Proceedings of the 2020 The 4th International Conference
on Education and Multimedia Technology, Online, 1 October 2020; pp. 226-229.

19. Howard, J.; Huang, A.; Li, Z.; Tufekci, Z.; Zdimal, V.; van der Westhuizen, H.-M.; von Delft, A.; Price, A.; Fridman, L.;
Tang, L.-H.; et al. An evidence review of face masks against COVID-19. Proc. Natl. Acad. Sci. USA 2021, 118, e2014564118.
[CrossRef]

20. The Face Mask Global Value Chain in the COVID-19 Outbreak: Evidence and Policy Lessons. Available online: https:
/ /www.oecd.org/coronavirus/policy-responses/ the-face-mask-global-value-chain-in-the-COVID-19-outbreak-evidence-
and-policy-lessons-a4df866d (accessed on 20 May 2022).

21. Ieng, SM.; Cheong, LH. An Overview of Epidemiology of COVID-19 in Macau S.A.R. Front. Public Health 2020, 8, 550057.
[CrossRef]

22.  Fink, S. Crisis Management: Planning for the Inevitable; American Management Association: New York, N, USA, 1986.

23. Pang, PC.-L; Cai, Q; Jiang, W.; Chan, K.S. Engagement of Government Social Media on Facebook during the COVID-19 Pandemic
in Macao. Int. J. Environ. Res. 2021, 18, 3508. [CrossRef]

24. Macao Association for Internet Research. Internet Usage Trends in Macao 2020; Macao Association for Internet Research: Macau,
China, 2020.

25. Jha, A; Lin, L,; Savoia, E. The Use of Social Media by State Health Departments in the US: Analyzing Health Communication
through Facebook. J. Community Health 2016, 41, 174-179. [CrossRef]

26. Haro-de-Rosario, A.; Sdez-Martin, A.; del Carmen Caba-Pérez, M. Using social media to enhance citizen engagement with local
government: Twitter or Facebook? New Media Soc. 2016, 20, 29—49. [CrossRef]

27. Tang, UW.,; Sheng, N. Macao. Cities 2009, 26, 220-231. [CrossRef]


http://doi.org/10.1016/j.onehlt.2020.100180
http://doi.org/10.1136/bmj.o292
http://www.ncbi.nlm.nih.gov/pubmed/35110301
http://doi.org/10.1016/S2589-7500(20)30315-0
http://doi.org/10.2196/19996
http://www.ncbi.nlm.nih.gov/pubmed/32750004
http://doi.org/10.3390/ijerph17218235
http://doi.org/10.3390/ijerph19084584
http://www.ncbi.nlm.nih.gov/pubmed/35457451
http://doi.org/10.2196/32936
http://doi.org/10.1016/j.giq.2021.101572
http://doi.org/10.2196/19458
http://doi.org/10.1007/s42001-020-00086-5
http://doi.org/10.1016/j.cities.2021.103130
http://doi.org/10.1016/j.econlet.2021.110138
http://doi.org/10.2478/mmcks-2020-0026
https://www.gov.mo/en/news/124521/
https://www.gov.mo/en/news/267290
http://doi.org/10.1073/pnas.2014564118
https://www.oecd.org/coronavirus/policy-responses/the-face-mask-global-value-chain-in-the-COVID-19-outbreak-evidence-and-policy-lessons-a4df866d
https://www.oecd.org/coronavirus/policy-responses/the-face-mask-global-value-chain-in-the-COVID-19-outbreak-evidence-and-policy-lessons-a4df866d
https://www.oecd.org/coronavirus/policy-responses/the-face-mask-global-value-chain-in-the-COVID-19-outbreak-evidence-and-policy-lessons-a4df866d
http://doi.org/10.3389/fpubh.2020.550057
http://doi.org/10.3390/ijerph18073508
http://doi.org/10.1007/s10900-015-0083-4
http://doi.org/10.1177/1461444816645652
http://doi.org/10.1016/j.cities.2009.02.005

Int. |. Environ. Res. Public Health 2022, 19, 8976 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

50.
51.

McCartney, G. The impact of the coronavirus outbreak on Macao. From tourism lockdown to tourism recovery. Curr. Issues Tour.
2021, 24, 2683-2692. [CrossRef]

Liu, M.T.; Wang, S.; McCartney, G.; Wong, I.A. Taking a break is for accomplishing a longer journey: Hospitality industry in
Macao under the COVID-19 pandemic. Int. ]. Contemp. Hosp. Manag. 2021, 33, 1249-1275. [CrossRef]

Loi, K.I; Lei, W.S.; Lourengo, F. Understanding the reactions of government and gaming concessionaires on COVID-19 through
the neo-institutional theory—The case of Macao. Int. . Hosp. Manag. 2021, 94, 102755. [CrossRef]

Lio, C.E; Cheong, HH.; Lei, C.L; Lo, LL.; Yao, L.; Lam, C.; Leong, L.H. Effectiveness of personal protective health behaviour
against COVID-19. BMC Public Health 2021, 21, 827. [CrossRef] [PubMed]

Monthly Gross Revenue from Games of Fortune. Available online: https:/ /www.dicj.gov.mo/web/en/information/DadosEstat_
mensal/2020/index.html (accessed on 21 May 2022).

Ma, E.; Chi Lam, C.C.; Im, U.L. The Effects of Pandemic on a Tourism City and the Impacts of Government Policies in Macao. In
Virus Outbreaks and Tourism Mobility; Kulshreshtha, S.K., Ed.; Emerald Publishing Limited: Bingley, UK, 2021; pp. 147-160.
Kowalczyk-Aniol, J.; Grochowicz, M.; Pawlusiniski, R. How a Tourism City Responds to COVID-19: A CEE Perspective (Krakéw
Case Study). Sustainability 2021, 13, 7914. [CrossRef]

MacKay, M.; Cimino, A.; Yousefinaghani, S.; McWhirter, ].E.; Dara, R.; Papadopoulos, A. Canadian COVID-19 Crisis Commu-
nication on Twitter: Mixed Methods Research Examining Tweets from Government, Politicians, and Public Health for Crisis
Communication Guiding Principles and Tweet Engagement. Int. |. Environ. Res. Public Health 2022, 19, 6954. [CrossRef]

Pang, P.C.-L; Liu, L. Why Do Consumers Review Doctors Online? Topic Modeling Analysis of Positive and Negative Reviews on
an Online Health Community in China. In Proceedings of the 53rd Hawaii International Conference on System Sciences (HICSS
2020), Grand Wailea, HI, USA, 1-10 July 2020; pp. 705-714. [CrossRef]

Asghar, M.Z.; Igbal, A.; Seitamaa-Hakkarainen, P.; Barbera, E. Breaching Learners’ Social Distancing through Social Media during
the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2021, 18, 11012. [CrossRef]

Sjodin, H.; Wilder-Smith, A.; Osman, S.; Farooq, Z.; Rocklov, J. Only strict quarantine measures can curb the coronavirus disease
(COVID-19) outbreak in Italy, 2020. Euro Surveill. 2020, 25, 2000280. [CrossRef] [PubMed]

Erlingsson, C.; Brysiewicz, P. A hands-on guide to doing content analysis. Afr. J. Emerg. Med. 2017, 7, 93-99. [CrossRef]
Stsiampkouskaya, K.; Joinson, A.; Piwek, L.; Ahlbom, C.-P. Emotional responses to likes and comments regulate posting frequency
and content change behaviour on social media: An experimental study and mediation model. Comput. Hum. Behav. 2021, 124,
106940. [CrossRef]

Lim, S.; Berry, ES.; Lee, K.H. Stakeholders in the same bed with different dreams: Semantic network analysis of issue interpretation
in risk policy related to mad cow disease. |. Public Adm. Res. Theory 2016, 26, 79-93. [CrossRef]

Luo, R;; Xu, J.; Zhang, Y.; Ren, X.; Sun, X. PKUSEG: A Toolkit for Multi-Domain Chinese Word Segmentation. arXiv 2019,
arXiv:1906.11455.

Bird, S.; Klein, E.; Loper, E. Natural Language Processing with Python; O'Reilly Media, Inc.: Sebastopol, CA, USA, 2009.

Hagberg, A.; Schult, D.; Swart, P. Exploring network structure, dynamics, and function using NetworkX. In Proceedings of the
7th Python in Science Conference (SciPy2008), Pasadena, CA, USA; 21 August 2008; pp. 11-15.

Pang, P.C.-I.; McKay, D.; Chang, S.; Chen, Q.; Zhang, X.; Cui, L. Privacy concerns of the Australian My Health Record: Implications
for other large-scale opt-out personal health records. Inf. Process. Manag. 2020, 57, 102364. [CrossRef]

Dai, J. On the Regulation of Social Psychology in the Public Crisis Management. J. South China Norm. Univ. 2006, 3, 117-122.
Plough, A ; Fielding, ].E.; Chandra, A.; Williams, M.; Eisenman, D.; Wells, K.B.; Law, G.Y.; Fogleman, S.; Magafia, A. Building
community disaster resilience: Perspectives from a large urban county department of public health. Am. J. Public Health 2013, 103,
1190-1197. [CrossRef]

Chen, J.; Zhang, R.; Han, R. Macao’s achievements in the construction of social security system. J. Nanjing Univ. Posts Telecommun.
2019, 21, 11-20. [CrossRef]

Cuervo, I; Leopold, L.; Baron, S. Promoting Community Preparedness and Resilience: A Latino Immigrant Community-Driven
Project Following Hurricane Sandy. Am. J. Public Health 2017, 107, S161-5164. [CrossRef]

Coronavirus Rumor Control. Available online: https:/ /www.fema.gov /disaster/coronavirus/rumor-control (accessed on 1 May 2022).
Sun, L.; Pang, P.C.-L; Si, Y.W. Roles of information propagation of Chinese microblogging users in epidemics: A crisis management
perspective. Internet Res. 2020, 31, 540-561. [CrossRef]


http://doi.org/10.1080/13683500.2020.1762549
http://doi.org/10.1108/IJCHM-07-2020-0678
http://doi.org/10.1016/j.ijhm.2020.102755
http://doi.org/10.1186/s12889-021-10680-5
http://www.ncbi.nlm.nih.gov/pubmed/33926406
https://www.dicj.gov.mo/web/en/information/DadosEstat_mensal/2020/index.html
https://www.dicj.gov.mo/web/en/information/DadosEstat_mensal/2020/index.html
http://doi.org/10.3390/su13147914
http://doi.org/10.3390/ijerph19116954
http://doi.org/10.24251/HICSS.2020.087
http://doi.org/10.3390/ijerph182111012
http://doi.org/10.2807/1560-7917.ES.2020.25.13.2000280
http://www.ncbi.nlm.nih.gov/pubmed/32265005
http://doi.org/10.1016/j.afjem.2017.08.001
http://doi.org/10.1016/j.chb.2021.106940
http://doi.org/10.1093/jopart/muu052
http://doi.org/10.1016/j.ipm.2020.102364
http://doi.org/10.2105/AJPH.2013.301268
http://doi.org/10.1016/S1007-4376(07)60003-3
http://doi.org/10.2105/AJPH.2017.304053
https://www.fema.gov/disaster/coronavirus/rumor-control
http://doi.org/10.1108/INTR-11-2019-0490

	Introduction 
	Background 
	Methods 
	Defining Crisis Stages 
	Data Collection 
	Data Analysis 

	Results 
	Content Analysis of Posts 
	Engagement Analysis of Posts 
	Engagement of the Face Mask Supply Scheme 
	Engagement of the Consumption Voucher Scheme 

	Word and Network Analysis of Comments 

	Discussion 
	Limitations 
	Conclusions 
	References

