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Abstract: Information on coronavirus disease 2019 (COVID-19) has been a significant focus for
the global public since the outbreak of the disease. In response, data visualization has become
the main form of media used to inform the public about the global pandemic’s progress. This
paper studies the example of China, the main country affected by the virus in the early stage of the
pandemic, to explain the problems regarding the differences in time, knowledge, and technology for
information transmission. This paper also tries to explain the causes behind the dissemination of
rumors, misjudgment of the public, and the difficulties of perception regarding pandemic information
based on the three aspects of information collection, processing, and presentation. We argue that
comprehensive information transmission with direct and clear visual presentation could help the
public better understand the development of the pandemic, relieve social panic, and help authorities
promptly adjust public health policies to absorb the social and economic impacts of the pandemic.
Based on a case study, we propose that hierarchical presentation, comprehensive descriptions,
and accurate visualizations of pandemic data can effectively improve information transmission,
thus providing helpful references for authorities and organizations to improve the effectiveness of
pandemic information transmission.

Keywords: data visualization; COVID-19 pandemic; pandemic map

1. Introduction

At the end of 2019, coronavirus disease 2019 (COVID-19) became a global public
healthcare emergency. China’s response to the pandemic was one of the quickest [1,2]. From
23 January 2020, when a lockdown in Wuhan, China, was declared, until 18 March 2020,
when the numbers of new confirmed cases, new suspected cases, and current suspected
cases were all reduced to zero, China experienced a full and difficult cycle of the pandemic.
Numerous scholars have conducted substantial studies to model the spread of the virus
and the effects of public healthcare interventions [3-11]. However, very few of these studies
have paid attention to pandemic data visualization as a type of media to inform the public
about the development of the pandemic. Data visualization is a form of visual art that
uses graphics and shapes to represent quantified information and thus help the public
understand the data. Although many efforts in data visualization have been made by the
media and authorities to make data clear and understandable [12-17], accurate information
transmission through data visualization has not been a widespread concern [18].

Among many types of pandemic data visualization are possible, the pandemic map,
due to its geographic spatial attributes, has become the main type of media used by major
organizations to notify the public of the pandemic situation and its development [19]. In
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this study, we used data published by the National Health Commission of the People’s
Republic of China (NHC) from 11 January 2020 to 1 May 2020 to assess the pandemic
maps released by the three major pandemic data release platforms: DXY.cn, AliHealth, and
Baidu. The study revealed that there were three main problems for pandemic information
transmission in China: the information lag and asymmetry caused by differences in the time
and space of data disclosure can provide space for the breeding of rumors; the information
disclosure methods adopted by data release platforms primarily employing absolute values,
such as the number of confirmed diagnoses, can cause cognitive biases among the public
and spread social panic; and the improper graphical representation of data visualization
makes it difficult for the public to read and accurately understand the relevant information.

A complete model for information transmission includes information collection, pro-
cessing, presentation, and reception. The accurate transmission of information requires the
simultaneous integration of information collection, information processing, and informa-
tion presentation. Only on the basis of timely, comprehensive, and accurate information
organization and processing can the accurate transmission of information to recipients be
achieved. Taking the pandemic map as an example, this paper illustrates the problems in
the transmission of pandemic information in China under the analytical framework of the
accurate transmission of pandemic information. We show that in the process of information
collection, promptness should not only be reflected in the rapid disclosure of pandemic
data by information providers but also in the rapid presentation of detailed geographic
information of confirmed cases in a given area. When processing information, “compre-
hensive” means that in the provision of pandemic information, information processors
should consider the size of the urban population, especially the city’s medical resources
and capabilities, alongside other important factors. The “accuracy” of information presen-
tation means that the way the data are presented will affect the public’s ability to quickly
access effective pandemic information; thus, the accuracy of information transmission in
data visualization should be improved. This study found that the three strategies of the
hierarchical presentation of data, the comprehensive description of information, and the
accurate expression of visualization can improve the status of information collection, infor-
mation processing, and information presentation in the information transmission model.
Not only can these factors improve the transparency of pandemic information, correct
the audience’s misunderstanding, and enhance the public’s awareness of prevention, but
they can also improve measures of pandemic prevention and control to make them more
scientific, precise, and efficient for government. With the COVID-19 pandemic still raging
around the world, this argument has important practical significance.

2. End of Rumors: Hierarchical Presentation for Pandemic Data

According to China’s Regulations on Preparedness for and Response to Emergent
Public Health Hazards, emergency monitoring agencies, medical and health institutions,
and relevant units should, when the outbreak of an infectious disease or epidemic occurs or
is likely to occur, report to the local health authority within two hours; the health authority
should also report to the local people’s government within two hours and, at the same time,
report to the health authority of the higher people’s government and the health authority of
the State Council. The Regulations on Emergency Responses to Public Health Emergencies
clearly stipulate that pandemic information can only be released by the health authority
of the State Council or local government health authorities with authorization from the
health authority of the State Council. Since 11 January 2020, after the outbreak of COVID-19,
the NHC, as the national authority, has released national pandemic data on a daily basis
through its official website. The pandemic data provided by regions and provinces have been
dynamically updated through three online platforms: DXY.cn (accessed on 22 February 2020),
AliHealth, and Baidu. However, this method of disclosure has certain problems.

From the perspective of pandemic prevention and control, only disclosing pandemic
information at the provincial (autonomous region, municipality) level has a limited effect on
the vast majority of ordinary people with a limited living radius. However, the pandemic
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information at the district, county, and sub-district levels that can truly help the public
take the necessary measures has never been promptly provided through official channels.
The problem of the spatial gap that exists in the processes of information collection and
release has not been fully explored, which has provided time and room for the spreading
of rumors to a certain extent and caused substantial economic losses [20,21].

It is fair to say that China’s pandemic map with provinces as divisional units had
positive significance for attracting public attention in the early stages of the pandemic [22].
However, as the pandemic developed, the cumulative number of confirmed cases quickly
made the color of the provincial pandemic map turn “red” and “dark”. The public not only
began to panic but also showed undifferentiated hostility towards vehicles and people
from the same province in areas with varying levels of pandemic severity. Compared with
the overreaction of the general public, local governments have adopted undifferentiated
“one size fits all” or overlapping over-prevention and control measures, which have in-
creased the government’s costs in fighting the pandemic and are not conducive to the
central government’s need to coordinate pandemic prevention and control with social and
economic development [23,24].

Taking the data released on 30 January 2020 by NHC as an example, the use of
provincial-level pandemic data for visualization led to a situation where one diagnosis
illuminated the entire map of the Tibet Autonomous Region [25]. However, by narrowing
the administrative divisions for visualization to the level of cities, there was only one case
in Lhasa city in the entire Tibet Autonomous Region; indeed, this case remains the only
confirmed case in Tibet to date. As shown on the right side of Figure 1 below, by narrowing
the administrative divisions for visualization, half of China could be exempted from severe
prevention and control measures such as a “city lockdown”, “village lockdown”, or “road
lockdown”. Moreover, if the scale were narrowed to the level of county and district, more
areas could be exempted from excessive prevention and control measures. As the only
confirmed case in Tibet was found in the Chengguan district of Lhasa city, the daily social and
economic life in other parts of Tibet should not have been affected by pandemic prevention
and control measures. Thus, during the pandemic, reducing the administrative division
of the pandemic map for information disclosure would have not only greatly improved
information transparency and effectively reduced the spread of rumors but would have
also helped the government to implement differentiated prevention and control measures to
maintain the normal production and life of society to the maximum level. The hierarchical
presentation of pandemic data, as the key element in the process of information collection
and release, is not only an effective way to fill gaps in pandemic information, improve data
transparency, and dispel rumors but is also an important prerequisite for the implementation
of differentiated-but-scientific prevention and control using a proper strategy. Without
hierarchical information to provide a source of confidence, the government’s efforts to restore
social life and resume production as soon as possible will be negatively affected [26].

Distribution of cumulative number of confirmed cases Distribution of cumulative number of confirmed cases
(nationwide) (each city)
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Figure 1. Comparison of the visualization results of the pandemic data at the provincial and munici-

pal levels (as of 30 January 2020).
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3. Rational Judgment: A Comprehensive Description of the Pandemic Data

On 20 January 2020, the NHC included COVID-19 in the second level of notifiable
diseases and adopted prevention and control measures for COVID-19 as a first level disease.
In general, the pandemic data released by the NHC usually include three sections: (1) the
new data (domestic/on-arrival newly confirmed diagnoses, new deaths, newly suspected
diagnoses, newly cured diagnoses, and new asymptomatic diagnoses); (2) the current
data (current domestic confirmed diagnoses, current on-arrival confirmed diagnoses, cur-
rent suspected diagnoses, and current close contacts under medical observation); and
(3) the cumulative data (cumulative confirmed diagnoses, cumulative cured diagnoses,
cumulative death cases, and cumulative close contacts). The public can only rely on the
above-mentioned limited data to infer the local pandemic situation, making it difficult to
obtain an objective understanding of the true severity of the pandemic. The data them-
selves are “objective”, but the presentation of those data is the result of a human process
of “judgment-identification-selection” [27]. Therefore, the processing of information has
an important influence on the public’s comprehensive understanding of the severity of
the pandemic.

The evolution of the pandemic in many countries shows that relevant trends are
closely linked to the region’s population structure (especially age structure), population
density, level of medical resources, and social distance [28-31]. The proportion of the
number of confirmed cases to the total population is an important indicator to measure
the severity of the pandemic in one region. The current level of healthcare resources is
one of the key factors affecting the mortality rate. The number of hospitals (designated
hospitals for COVID-19 treatment and other hospitals), the number of medical personnel
(fever outpatient departments, emergency departments, infectious disease departments,
respiratory medicine departments, and other emergency deployments), and the number of
hospital beds (isolation wards, intensive care units, and observation rooms) are also key
indicators for evaluating the level of the pandemic crisis in a region [32,33]. During the out-
break of the pandemic, the NHC organized 344 national medical teams, and 42,322 medical
personnel in total were calculated up to 1 March 2020. To address the issue of the shortage
of hospital beds, the local government built two temporary infectious disease hospitals
and 20 field hospitals (Fangcang hospitals), providing over 30,000 hospital beds in a very
short time. This measure effectively improved the doctor-to-patient ratio and was the main
reason why the pandemic in Hubei was under control in a short time.

Our study argues that the relative number of cases obtained after comprehensively
calculating the number of cases and related factors such as local population and local
medical resources can describe the degree of the crisis in each region more objectively.
Taking the pandemic data released by Jiangsu Province of China on 22 February 2020
as an example, after analyzing the results of both the relative and absolute numbers of
confirmed cases, it was found that the two created different perceptions of the degree of
the pandemic crisis among the public. (Absolute number confirmed diagnoses refers to
the raw data of the confirmed diagnoses. The relative number of confirmed diagnoses was
comprehensively calculated based on raw data and relative medical resource values in
each region). This difference could mislead public health policy.

In the following section, the method adopted by this study is explained. First, key
indicators such as the number of confirmed cases per capita, the number of hospitals per
confirmed case, the number of doctors per confirmed case, and the number of hospital
beds per confirmed case in each city of Jiangsu Province are calculated based on provincial
statistics of the population of Jiangsu. Second, the relative number of confirmed diagnoses
in each city of Jiangsu Province was calculated based on the values in Nanjing city as
a reference. Finally, the above-mentioned confirmed numbers are added to obtain the
pandemic crisis index of each city in Jiangsu Province on 22 February 2020. The larger the
accumulated value is, the higher the degree of the pandemic crisis in the corresponding
city (see Table 1 below).
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Table 1. Statistics of absolute and relative confirmed diagnoses among the cities in Jiangsu Province on 22 February 2020.

PRP

PC TC

City Name TC (TT) PM) RNCC NH NI RNCC ND IE—CD RNCC NB ET% RNCC
Nanjing 93 833.5 0.1116 93 222 0.4189 93 31,600 0.00294 93 49,448 0.00188 93
Suzhou 87 1068.36 0.0814 68 206 0.4223 94 32,900 0.00264 84 58,022 0.00150 74
Xuzhou 79 876.35 0.0901 75 161 0.4907 109 25,800 0.00306 97 41,553 0.00190 94
Huai’an 66 4914 0.1343 112 64 1.0313 229 13,400 0.00493 156 18,597 0.00355 175
Wuxi 55 655.3 0.0839 70 185 0.2973 66 21,000 0.00262 83 39,743 0.00138 68
Changzhou 51 471.73 0.1081 90 78 0.6538 145 14,100 0.00362 114 20,927 0.00244 121
Lianyungang 48 451.84 0.1062 89 89 0.5393 120 12,100 0.00397 125 18,215 0.00264 130
Nantong 40 730.5 0.0548 46 246 0.1626 36 19,900 0.00201 64 35,425 0.00113 56
Taizhou 37 465.19 0.0795 66 79 0.4684 104 12,300 0.00301 95 20,253 0.00183 90
Yancheng 27 724.22 0.0373 31 164 0.1646 37 18,800 0.00144 45 29,155 0.00093 46
Yangzhou 23 450.82 0.0510 43 80 0.2875 64 11,200 0.00205 65 17,119 0.00134 66
Sugian 13 491.46 0.0265 22 229 0.0568 13 12,200 0.00107 34 28,108 0.00046 23
Zhenjiang 12 318.63 0.0377 31 50 0.2400 53 8200 0.00146 46 11,416 0.00105 52

TC: Total cases; PRP(T): Permanent resident population (per ten thousand); PC(TM): Per capita (per million); RNCC: Relative number of
confirmed cases; NH: Number of hospitals; ND: Number of doctors; NB: Number of beds; The healthcare data in this table come from the
2018 Statistical Yearbook of Jiangsu Province; the number of confirmed cases comes from DXY.cn (accessed on 22 February 2020).

Calculation formula: the relative number of confirmed diagnoses in city A = the
proportion of city A/the proportion of Nanjing x the number of confirmed diagnoses in
Nanjing. Taking the calculation of the relative confirmed number of cases based on the
number of cases per capita in Suzhou as an example, the formula is x = 0.0814/0.1116 x 93,
and x ~ 68 cases are obtained. Then, the relative number of confirmed cases in each city
can be calculated based on the proportion of the population of permanent residents, the
number of hospitals, the number of doctors, and the number of hospital beds.

To better present such results, the data in the table were visualized to generate a
pandemic crisis index map of each city in Jiangsu Province for that day (see Figure 2 below).
It is clear that if the degree of the pandemic crisis in each city is measured according to the
absolute number of diagnoses, where the crisis index of Nanjing is the highest. However,
by measuring the relative number of confirmed cases, Huai’an is shown to have the highest
index in terms of the number of cases per capita, the number of hospitals per capita, the
number of doctors per capita, and the number of beds per capita. Although Nanjing
accounted for the most daily confirmed cases, as the capital city of Jiangsu, its medical
resources and capabilities are far better than those of a small city like Huai’an. This is the
main reason for the differences in the results. The direct consequence of misjudging the
pandemic crisis index in each city is the misallocation of already-scarce medical resources,
which will negatively impact pandemic prevention and control.

The same method was applied to calculate the pandemic crisis index for each province
in China to determine if the results are generally applicable. The left side of Figure 3
illustrates a distribution map of the cumulative number of notified diagnoses nationwide
on 22 February 2020. Hubei Province had the largest number of confirmed cases, followed
by Henan Province, Hunan Province, Guangdong Province, and Zhejiang Province. On the
right side is a crisis index graph calculated based on the number of cases per capita. (As
medical data for most provinces in China are difficult to acquire, only the number of cases
per capita for each province was used in this example.) Hubei Province still has the highest
crisis index here, followed by Jiangxi Province, Chongqing Province, Hainan Province,
and Zhejiang Province. (In this example, the value from Hubei was used as a reference to
infer the number of cases per capita for the other provinces.) Similar to the results of the
analysis of cities in Jiangsu Province, this study shows that the ranking of provinces based
on different methods has significant differences.
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Figure 2. Pandemic crisis index map of each city in Jiangsu Province.
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Figure 3. Comparison of the conclusions between the absolute and relative confirmed numbers (as of 22 February 2020).
Note: The data on the left came from DXY.cn, accessed on 22 February 2020; the population data on the right are taken from

the population statistics of 2019.

While processing the collected raw pandemic data, Chinese health authorities sim-
plified the comprehensive requirements for information release in the Regulations on
Preparedness for and Response to Emergent Public Health Hazards. While the absolute
number of confirmed diagnoses can roughly describe the pandemic infection situation of
each administrative division unit, directly presenting key information such as the pandemic
hot zones, the comprehensive multifactor relative number of confirmed diagnoses can
conclusively describe and accurately evaluate the degree of the pandemic crisis in each
region and can quickly recognize the provinces and cities at risk. For the government, this
is helpful for creating long-term pandemic prevention and control policies and economic
development plans by assessing the developing pandemic trends through the absolute
number of diagnoses, while determining the pandemic crisis index through the relative
number of diagnoses can avoid the misallocation of resources (especially scarce resources
such as medical supplies). Given that the sudden outbreak of the pandemic caused a
global shortage of medical supplies, a comprehensive description of pandemic information
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will help improve the pertinence and timeliness of government resource allocation. For
the general public, understanding the degree of the pandemic crisis index in a city is
meaningful for daily life.

4. Easy Reading: Accurate Expression of Pandemic Data

Information presentation is one of the most prominent problems in information trans-
mission for China and many other countries. Data visualization is the main visual medium
for pandemic information presentation, and pandemic maps are the main method for data
visualization. Since data reporting and publications are based on the administrative divi-
sions in China, pandemic maps characterized by hierarchical statistical maps and bubble
maps have been widely used. The most commonly used type of hierarchical statistical
map is a visual expression of the data variables mapped through color gradients. As
the map embodies geographic division information, it has the advantage of effectively
strengthening the public’s awareness of the relationship between the pandemic and ge-
ographic space. However, with the rapid development of the pandemic, the limitations
of this method gradually emerged. There are three main limitations. First, because the
color itself does not convey quantitative information, the reader cannot intuitively perceive
the value of the mapped area through its color. Second, areas on the map filled with color
lead the audience to perceive a greater density, rather than quantity, which is likely to
cause cognitive bias [34]. Moreover, provinces at the same level but with larger areas
are more likely to give readers the misconception that the pandemic situation is more
serious than reality [35]. Third, during the outbreak of a pandemic, it is often necessary to
continuously adjust the classification differences or increase the level of classification on
the chart to reflect dynamic changes in the data, which is likely to cause fatigue in terms of
discrimination and recognition ability.

The hierarchical statistical map of China’s pandemic situation usually adopts a color
gradient from light to dark to map the severity of the pandemic from mild to severe.
The color gradient only reflects the relative relationship between objects (this relative
relationship is sometimes unclear) and cannot reflect quantities. Thus, such a map needs a
separate reference for the numbers related to each color. In this way, except for the lightest
and darkest colors, which are the most obvious, the different color levels in between are
likely to cause confusion in the mapping relationship. Taking the left side of Figure 4
as an example, except for the darkest part, it is difficult to distinguish the differences
between the other parts, and it becomes even more difficult to relate the colors to their
corresponding numbers. With a rapid increase in the number of diagnoses, one way to
present such data is by increasing the level of classifications. This method seems to provide
more detailed pandemic information, but, in fact, readers’ recognition abilities decrease
as the level of classification increases [36]. Taking Figure 4 as an example, with the same
level of difference, after the classification level increases from the six levels on the left to
the nine levels on the right, not only is the color difference between the areas reduced,
but the effective association with the corresponding numbers is also greatly weakened.
Increasing the number of grading methods appears to provide more information but
actually diminishes what readers can realistically obtain.

With the level of classification remaining unchanged, the second method for dealing
with extreme changing values is to increase the difference between each level (Figure 5) while
maintaining the number of levels to ensure that the legibility of the visualization is applica-
ble when the number is relatively small at the beginning of the pandemic. Nevertheless, as
the current pandemic entered a period of rapid growth, the method of increasing the level
of difference resulted in an inaccurate presentation of the differences in the pandemic data
of each province, showing a trend of averaging the situation (right side of Figure 5).
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Figure 4. Method of increasing the level of classification.
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Figure 5. Method of increasing the level of difference.

Another major form of pandemic maps is bubble maps (Figure 6), which map data
variables through the size of the bubble area and act as a visual representation of a bub-
ble chart combined with geospatial information. Through a comparison of the sizes of
bubbles and tracking their changes, this type of map has the advantage of letting the
audience intuitively perceive the development of the pandemic in different provinces
and cities. However, it has two major shortcomings. First, when the value is too large,
overlapping bubbles will weaken the correlation with the mapped area, causing visual
confusion. Second, like hierarchical statistical maps, the relationship between bubbles
and the corresponding numbers in the map is weakened by increasing the level of the
classification or difference. Readers can only roughly infer the situation of the pandemic in
geographic space by observing the relative gathering of bubbles.
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Distribution of cumulative number of confirmed cases Distribution of cumulative number of confirmed cases
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Figure 6. Visualization of a bubble map.

In general, the explosive growth in the number of COVID-19 infections makes it
difficult for both hierarchical statistical maps and bubble maps to accurately and effectively
transmit pandemic information and even weakens the advantages of the geographic
information attributes in pandemic maps. Specifically, the loss of the correlation between
data and the mapped area and the inherent contradiction between data growth and precise
expression are the two main challenges in pandemic data visualization and are also the
problems that pandemic maps should focus on solving.

The present study divided classification in China into four levels: province (including
autonomous regions and direct-administered municipalities), city, district/county, and
street (village), corresponding to the four images numbered 1, 2, 3 and 4 in the figure
below. For the provincial and municipal levels, we used bubble maps to visualize the
development of the pandemic situation in each district. The borders of the original bubble
map were removed while preserving the geographical and spatial relationships to avoid
visual confusion caused by overlapping. At the district/county and street/village levels,
detailed pandemic information is disclosed through hierarchical statistical maps. Given
that the amount of data is small, the accuracy could be improved by reducing the levels
of classification and decreasing the differences. Based on this visualization method, by
using comprehensive information disclosure from large geographic spaces to small living
spaces, not only can the spatial differences in information transmission be diminished, but
the transmission of key information can also be more direct and accurate.

Regarding the disclosure of information about the pandemic situation (see Figure 7), the
present study sought to change the single evaluation dimension based on absolute values,
such as the number of confirmed diagnoses. Combining absolute values and relative data
can describe and present the development of the pandemic more comprehensively and
objectively. However, due to the difficulties in obtaining public health data in various
places in China at this stage, we used the number of cases per million people as the basis for
the classification levels of the pandemic and used several sets of bubbles of different sizes
and colors to express the severity of the pandemic in cities and provinces. Each selected
city highlights and provides further detailed information through interactions.
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Figure 7. Content architecture of the pandemic situation’s visualization (as of 1 September 2020).

5. Discussion

As of 25 February 2021, the confirmed global cases for COVID-19 have reached over
110 million, with a death toll of over 2.5 million people. As a global health crisis, COVID-19
is a focus area for everyone on Earth, thus demanding higher quality pandemic information
transmission. As one of the first countries to report on COVID-19, China has taken strict
measures and active medical interventions for months and managed to turn the tide of
the disease’s development in China with obvious positive effects. While other countries
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are still struggling with COVID-19, China has become one of the first countries to restore
its normal social and economic order. However, China’s success in pandemic prevention
and control cannot completely cover its shortcomings in the transmission of pandemic
information. This problem is also common in countries like the United States, where the
pandemic is the most severe, and has a certain universality.

The information collection stage in the early period of the pandemic; the uncertainty
in understanding the core issues in China, such as the mechanisms of the new coronavirus,
the scale of the infected population, and whether there is human-to-human transmission;
and the lack of an ideal structure for pandemic information reporting mechanisms and
information release platforms caused delays in the administrative decision-making process
and information release. Such delays caused the public to have an exaggerated under-
standing of the risks and consequences of infection, leading to the birth of rumors and
their rapid spread through social media [37]. Thus, in terms of legislative development, we
believe that the Regulations on Preparedness for and Response to Emergent Public Health
Hazards should not only provide strict regulations on the time limit for reporting epidemic
information but also mandate the time limit for releasing epidemic information. Closing
the time gap for public information access, from a legal perspective, is the practical purpose
of implementing the Regulations on Preparedness for and Response to Emergent Public
Health Hazards for timely information release. It was concluded based on observations
that the time delays in disseminating information to the public could be eliminated if the
NHC had a more efficient pandemic information reporting mechanism and if the informa-
tion could be processed better. Furthermore, taking the lack of confidence of the public
in some local authorities and media into account, if the NHC were to be more specific
when releasing pandemic data at the city, county, and street levels, not just at the province
level, then information transparency would be significantly improved, and the issue of
pandemic data differences in space could be effectively addressed. It is clear from the
reports of domestic diagnoses since October 2020 that authorities have realized the issue of
pandemic data differences in space; however, no effective changes have yet been seen in
the released pandemic maps. As an example, although substantial pandemic information is
provided on the CDC’s website, in terms of specific location and space, the administrative
information provided by the CDC only reaches the levels of counties, which is basically
the same as the level of information provided by the Chinese NHC.

When collecting and reporting pandemic information, information release agencies
should not only remain at the provincial level but should divide levels into cities, counties,
and subdistricts and present key geographic pandemic information hierarchically. While
significantly improving the transparency of pandemic information, the problem of spatial
gaps in pandemic data should also be eliminated. This would allow data to truly reflect
the requirements for accurate information release in the Regulations on Preparedness for
and Response to Emergent Public Health Hazards. Compared to the time differences in
pandemic information, the problem of spatial differences is a more common phenomenon
in the transmission of pandemic information.

In the information processing stage before the summary and release of the pandemic
data, the dimensions of China’s pandemic data were too simple. Raw data that do not con-
sider key factors such as the medical level and population can easily distort the pandemic
crisis index of a city and cause misunderstandings. The comprehensiveness requirements
for information release in the Regulations on Preparedness for and Response to Emer-
gent Public Health Hazards have not, therefore, been accurately reflected. Changes in
the information environment can increase the effectiveness of non-pharmacological inter-
ventions [38]. Therefore, the population size and medical resources of cities in China are
considered to be important influencing factors. This is an important element neglected
by the Chinese public health authorities in the transmission of pandemic information,
with the consequential risk of misallocating scarce medical resources (Figure 2). This risk
is not unique to China but also exists in developed countries such as the United States,
which have relatively complete pandemic data records. Although the US CDC far exceeds
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the NHC in terms of providing pandemic data [39], in terms of medical resources alone,
the CDC, like the NHC, does not provide effective data and evaluation. However, this
indicator is very important for evaluating the pandemic crisis index in a city.

Regarding pandemic information presentation, for both the hierarchical statistical
maps and the bubble maps, it is clear that the health authorities in China remain deeply
affected by the perspective of paper media mapping. Although substantial changes have
been made to the forms and colors of pandemic maps, there is still the problem of mis-
matches between the image and the information. We studied the pandemic maps from the
CDC. Although their color patterns are different to those of China and apply more interac-
tive technologies, maps from the CDC still show problems in the relationship between the
image and its related information. Thus, the present study proposes a method that inte-
grates the advantages of both hierarchical statistical maps and bubble maps. By building
interactive images for the four administrative division levels, the pandemic information in
each division, from large to small scales, can be clearly presented. This would strengthen
the transparency and feasibility of the pandemic information in each division.

It should be noted that the main subject of this study is not the most typical one at the
moment. The present study only focused on building a theoretical structure for accurate
information transmission and the visualization of pandemic maps. No further discussion
was included to explore the technology behind these maps. Compared to other preven-
tion and control measures that have proven effective, the effects of accurate information
transmission are not apparent. In addition, the pandemic information transmission varies
widely in different countries, and this difference may make our method partially ineffective.
However, it is believed that analyzing and reviewing sections of the pandemic information
transmission in China, as well as specific discussions on the content and standards of
information release, will help governments and institutions establish effective information
release mechanisms and better deal with the present public health crisis.

6. Conclusions

The Regulations on the Preparedness for and Response to Emergent Public Health
Hazards from Chinese authorities outline the three general principles of providing “timely”,
“accurate”, and “comprehensive” information but without detailed and operable standards.
Moreover, it is difficult to effectively execute these guidelines in pandemic information
transmission. After analyzing three sections of information transmission, this study identi-
fied and summarized the existing problems related to information transmission in China
and proposed a specific method to meet the requirements of timely, accurate, and com-
prehensive information transmission. It was shown that the hierarchical presentation of
pandemic information could correct the spatial differences in information transmission.
Based on the pandemic crisis index calculated from the relative number of confirmed cases,
the allocation efficiency for medical resources could be improved, and objective public
awareness for pandemic development could be increased. Through accurate data visualiza-
tion, excessive prevention measures could be avoided by correcting inaccurate perceptions
among the public. From the perspective of public policy, the accurate transmission of
pandemic information is a precondition for authorities to implement precise pandemic
measures and also the foundation to direct the public to cooperate with such measures.
Information transmission should focus more on individual needs for information. This
would increase confidence in the restoration of social order when the development of the
pandemic indicates a positive trajectory. For each individual and family, being updated
on comprehensive pandemic information, remaining alert, staying safe, and maintaining
social distance still have practical importance.
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