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ABSTRACT
The Coronavirus disease 2019 (COVID-19) outbreak quickly spread
around the world, resulting in over 240 million infections and 4
million deaths by Oct 2021. While the virus is spreading from per-
son to person silently, fear has also been spreading around the
globe. The COVID-19 information from the Australian Govern-
ment is convincing but not timely or detailed, and there is much
information on social networks with both facts and rumors. As soft-
ware engineers, we have spontaneously and rapidly constructed a
COVID-19 information dashboard aggregating reliable information
semi-automatically checked from different sources for providing
one-stop information sharing site about the latest status in Australia.
Inspired by the John Hopkins University COVID-19 Map, our dash-
board contains the case statistics, case distribution, government
policy, latest news, with interactive visualization. In this paper, we
present a participant’s in-person observations in which the authors
acted as founders of https://covid-19-au.com/ serving more than
830K users with 14M page views since March 2020. According to
our first-hand experience, we summarize 9 lessons for developers,
researchers and instructors. These lessons may inspire the devel-
opment, research and teaching in software engineer aspects for
coping with similar public crises in the future.
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LAY ABSTRACT
The 2019 Coronavirus Disease (COVID-19) outbreak has spread
rapidly around the world. By October 2021, it has caused more
than 240 million infections and 4 million deaths. Although the
world is acting against the virus, some information on the Internet
has not been updated in time, and there are also many rumors on
social media. Therefore, software engineers have developed COVID-
19 information dashboards such as the Johns Hopkins University
COVID-19 Map and the World Health Organization COVID-19
website to provide the public with one-stop reliable COVID-19
related information. The author has also developed a COVID-19
dashboard https://covid-19-au.com/ that provides case statistics,
case distribution, government policies, latest news, and interactive
visualization during the pandemic in Australia. It has been popular
since March 2020 and has provided 14 million page views to more
than 830,000 users. In this paper, the authors discussed how they
built the COVID-19 dashboard website and how they formed and
managed a team of volunteers to help and maintain the project.
More importantly, the authors summarized 9 lessons for developers,
researchers and instructors based on experience. These courses may
inspire them in development, research and teaching to deal with
similar public crises in the future, and ultimately bring accurate
information to public users more effectively.

1 INTRODUCTION
Coronavirus disease 2019 (COVID-19) [85] is an infectious disease
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). Since its first identification in December 2019, COVID-19
has spread globally, resulting in an ongoing pandemic. By the time
we write this paper, there have been over 240 million confirmed
cases and caused over 4 million lives lost in more than 192 countries
and territories by Oct 2021. To avoid the transmission of the virus,
over 90 governments have taken actions such as lockdowns, border
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closures, working from home arrangements, enforcing social dis-
tancing, which influenced over half of the world’s population [66].
The pandemic has a severe influence on society, which has also
caused global economic disruptions, education interruptions, and
discrimination.

Under this unprecedented situation, it is usual for people to feel
the urge to constantly check for the latest updates and information
via government websites, news outlets, and social media. Consider-
ing that COVID-19 transmission, it is important to inform people
frequently and accurately with the latest status of COVID-19, par-
ticularly in their locality. Furthermore, the information can help
the public take proper actions, and also guide governments’ policy
making for maintaining the community health. Therefore, there’s
a need for a timely and trustworthy platform to provide stats and
information on the COVID-19 virus to the public.

In Australia, the federal and state governments’ public media re-
leases every day since the beginning of the outbreak, including data
of new case numbers and information on symptoms and prevention
from the COVID-19 virus. However, there are some limitations
with the government updates: First, Australian states report their
status separately without national criteria, making the data types
inconsistent for each other. There are also some conflicts between
the state government data and federal government data from time
to time. Second, suitable interactive data visualization is needed
to display the information, rather than the current static, plain
text. Third, updates are not frequent enough, i.e., once a day and at
different times in each state, and many details are missing.

As an alternative, social media updates COVID-19 related infor-
mation more frequently with fine-grained detail, but these channels
also include numerous rumours and misinformation and can some-
times spread even faster than the truth [15, 73]. Also, it’s hard to
see a historical trend due to its high frequent update and limited
content size.

To bridge the gap and respond to this crisis, we developed a
COVID-19 information dashboard1 aggregating the information
from different sources with intuitive data visualizations and fre-
quent updates for providing people with the latest and the most
accurate information. Our dashboard includes the latest COVID-19
status in each state (e.g., numbers of new cases, recovery, deaths,
and trend), flight search, infection map, symptoms and prevention
information, and latest news and tweets (as seen in Fig 1) to ad-
dress people’s information needs. To make the information more
understandable, we apply different interactive data visualization
techniques for different kinds of data with tables, line/bar charts,
and also the advanced interactive map.

There are some similar dashboards around the world (such as
COVID-19 global map from JHU [76], 1Point3Acres COVID-19
tracking resource for North America [1], DX Doctor’s COVID-19
real-time report in China [19]), but our dashboard is the first one
specifically targeting people in Australia with over 837K individual
users and 14M page views. Through spontaneously and rapidly
building this dashboard, we have accumulated much first-hand
experience, including the requirement elicitation, user activity anal-
ysis, collaboratively coding and testing, and continuously releasing.

1https://covid-19-au.com

Based on the challenges and the experience, we summarise 9
lessons that would be helpful for the developers, researchers, and
instructors respectively. First, we discuss the usage of sensitive
data, professional wording, calming user feelings, and task allo-
cation as lessons for developers when developing the COVID-19
dashboard. Second, for the academic researchers, we talk about the
lessons related to how they can elicit people’s information needs,
analyse users’ interactions on different devices, and understand
users’ interests in map visualizations by analysing the usage data
and user feedback we collected. Third, we discuss how students can
benefit from this project and how the instructors need to support
the students from the perspective of software engineer instructors.
The lessons aim to help software engineers better understand how
to deal with the pandemic as different roles. In particular, they may
guide software developers in developing similar applications for
future crisis events, benefit researchers in conducting studies in this
area, and inspire instructors in practical teaching about software
engineering.

The COVID-19 dashboard is a great example of the importance
of deeply thinking through what we call human values in software
design. Human values - such as inclusion, diversity, social respon-
sibility - are things that we as a society value, but they have often
been paid little attention in software engineering [60]. In the case of
a dashboard presenting important data on an emerging pandemic,
it is critical that the design of the system thinks through possible
negative consequences - for example, presenting the information
in one way versus another may influence citizens’ behaviours.

The contribution of this work is summarized as follows:
• This is a timely social-good project for developing a COVID-
19 information dashboard within a limited time for solving
information needs of the society during this global pandemic.

• We document the first-hand development experience of an
information dashboard for COVID-19 with great social im-
pact on millions of people in Australia.

• During the dashboard development, we distill important
lessons for developers, researchers, and instructors based on
our own experience, and these lessons may guide them in
the software engineer area and deliver value to the public.

The rest of the paper is organized as follows. Section 2 provides
the background of the efforts the developers have made to fight
against the pandemic, and some dashboards that have been released
for the COVID-19. We introduce the dashboard characteristics, the
huge impact it has made to the public, and the overall steps of how
the authors developed it in section 3. In section 4, we summarize a
total of 9 lessons learned during the development of the COVID-
19 dashboard. We conclude our work in section 5 and discuss the
improvements that could be made to the dashboard.

2 BACKGROUND
Software systems increasingly impact our society. This is espe-
cially true for AI systems, which can replace humans as decision
makers, but it is also true for more mundane software systems. Es-
sentially, any software system has the potential for impact (positive
or negative) on society and there is an increasing recognition that
developers need to understand these impacts as part of the software
design process [79]. During the COVID-19 pandemic, developers

https://covid-19-au.com
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(a) Home Page (b) Info Page (c) News Page

Figure 1: Different functionalities of our dashboard

are mobilising around the coronavirus outbreak to find solutions
to deal with the crisis using different software technologies.

2.1 Developers’ Efforts in Fighting the Virus
The Information Technology community is one of the important
forces in fighting with COVID-19. Various innovations and solu-
tions ranging from contact tracing applications to data platforms
were developed in response to different aspects of the pandemic.
Researchers have also reviewed the proposed applications and tax-
onomies [10, 43, 78]. Based on our experience and the existing
research, we categorised such applications into 5 types:

Symptom Tracking applications that analyse symptom data
from suspected and confirmed patients. Governments of countries
such as Australia [20], Singapore [34], and the US [13] have rolled
out their Self Checkers applications to direct individuals to appropri-
ate resources. Some governments of countries such as Iceland [39]
and the UK [13] use mobile technologies to collect data on patient-
reported symptoms and triangulate to reveal information like how
the virus is spreading and people who might have a risk that was
exposed to the virus.

Crowd Detection applications that reduce the risk of virus
transmission by monitoring the crowd in public areas. The Califor-
nian government worked with mobile app company Foursquare to
track if public areas such as beaches and parks, were getting too
crowded. In Denver, the Tri-County Health Department utilised
data from ad-tech startup to monitor counties where the population
on average strays more than 330 feet from home [67]. In the UK,
the University of Newcastle uses data generated from smart city
technology such as pedestrian flow, car park occupancy, and traffic
to measure social distancing during the lock-down [42].

Contact Tracing applications identify and alert individuals
who are close contacts of the confirmed patients. After Singa-
pore launched the first COVID-19 contact tracing app “Trace To-
gether" [35] in March 2020, over 47 countries [56] and territories
have developed their own Contact Tracing app. Concerns and de-
bates have arisen around the effectiveness of the software [9], pri-
vacy issues [38], and project management failures [11]. To tackle
such problems, Apple and Google co-developed a joint API for
contact tracing applications [2].

Quarantine Daily Life applications that help users cope with
their life during the pandemic. Taiwan government uses a system
called eMask to imposes quotas on masks [18] to prevent hoarding.

To help the self-employed people, financial technology profession-
als have created Covid Credit [30], a cloud-based tool developed
with open banking technology to help people prove their income
losses to the government. Microsoft’s videoconferencing tool Teams
uses artificial intelligence to cut out of the users’ live photos and
place them into a fixed position within a setting to create a more
connected feel for the attendees [69]. Some developers even cre-
ated applications that mimic office sounds [70] for users who miss
working onsite.

Information Aggregation and Sharing applications aggre-
gate and share COVID-19 data in real-time. Many applications col-
lect and share COVID-19 datasets, such as COVID-19 Data Hub [37],
DOMO tracker [21], OurWorld In Data [41] and Tableau COVID-19
global data [72]. The datasets were further visualised, analysed, and
broadcasted. During December 2019, an AI company had sent the
warnings of the outbreak by souring news reports and airline tick-
eting data [51]. In Europe, free live map of border crossing times
for trucks was created to help Europe’s supply chains to evaluate
expected delays [68] based on traffic data. Some visualization ap-
plications [16, 32] including our dashboard focus on presenting
COVID case information to help to provide a foundation for public
policy decisions [25].

2.2 Information Dashboard about COVID-19
A dashboard is a visual display of the most important information
needed to achieve one or more objectives. Information was con-
solidated and arranged on a single screen to be monitored at a
glance [29]. There is a long history of using dashboards in response
to disasters such as pandemics [77], Hurricanes Katrina and Rita in
the US [71] and storms in Brazil [45]. Nowadays, dashboards are
widely used to effectively communicate disaster information [33]
such as earthquakes [23], hurricane [24], and bushfires [36] to the
public.

Since the COVID-19 outbreak, the information dashboard has
also been adopted for displaying the COVID-19 related informa-
tion. For example, Johns Hopkins University developed a global
COVID-19 dashboard [22] to display the reported cases on a daily
time scale around the world. A number of similar dashboards are
also developed by different entities and countries globally [1, 7, 19,
27, 49, 65, 80, 83]. Other than the case number, dashboards were
found to be used to display a variety of COVID data, including a
clinical trial [74], preventive measures [82], social media sentiment
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level [59], county vulnerability index [50], and projection [31, 52].
Academic research in various disciplines has been generated based
on these publicly available data dashboards [3, 5, 46, 47, 57, 58].

However, along with the rapid emergence of various dashboards,
some concerns have been raised. One research proposed the idea of
"dashboard pandemic", stating that the dashboards are a "biopolitical
technology of anxiety" and prompts national states of emergency,
which lacks nuanced spatial, temporal, social, and epidemiological
information. Thus not adequately addressing the uneven and unjust
geographies of the present [26]. An article addressed geopolitical
considerations in maintaining, calling developers accountable to
readers [53]. Efforts to address these issues have been made. For
example, the US county-level dataset [44] covers 300 variables from
demographics to climate to make the dashboards more representa-
tive.

The authors developed an information dashboard2 for displaying
the latest status of COVID-19 in Australia in early March 2020.
Besides the basic data statistics about COVID-19, we also add some
additional features such as a rich information map, flight searching
with confirmed cases, manually filtered latest news and tweets, etc.
As the founders of this project, we share our first-hand experience
and lessons which may inspire further research on developing
similar information dashboard for other emergency disasters, and
new ways of education during the pandemic.

3 AU COVID-19 DASHBOARD
DEVELOPMENT

In this section, we introduce the project characteristics, impact, and
overall development process in steps.

3.1 Project Characteristic
The first COVID-19 confirmed case in Australia was identified on
January 25, 2020, and the increase was relatively slow in the next
month. Since the beginning of March 2020, the number of new
COVID-19 cases were increasing significantly in Australia. To keep
people informed and calm, we started to develop an information
dashboard to report the latest COVID-19 status in Australia on
March 14, 2020, with a small team of the first three authors (one
product manager and two developers). We officially released our
dashboard on March 16 with basic functionalities and open-sourced
our project on GitHub3. It has become one of the first COVID-
19 informative dashboards in Australia. With the promotion and
recruitment, our team increased from 3 members to 38 active mem-
bers4 and over 200 volunteers from 12 different nations, most of
whom are undergraduate/postgraduate students in Australia. Ac-
cording to participants’ expertise, we separated them into different
groups, including web development, data/information/news collec-
tion, and communication. Note that this project is nonprofit, and
all participants volunteer to contribute to it.

After the development, based on the existing dashboards from
other countries and analysing user feedback with feature require-
ments and behaviors, we kept adding features to the dashboard.
The information dashboard contains functionalities as below:

2https://covid-19-au.com
3https://github.com/covid-19-au/covid-19-au.github.io
4https://covid-19-au.com/about-us

Figure 2: The visiting traffic of our dashboard

• The latest number of new/total cases, death, recovery, testing
in each state and territory.

• Data visualisation of historical data trend.
• A map of case distribution in each city or suburb.
• Flight details search with confirmed cases.
• Basic information about COVID-19 including symptoms,
prevention, and a list of hospitals doing coronavirus testing.

• Latest news from online newsgroup and tweets from the
Department of Health in State Government.

3.2 Impact
Our project is a social-good open-source project to keep people
informed and calm during the pandemic. Since the launch of this
site, it has drawn a wide range of attention across Australia. From
March 17, 2020 to July 16, 2021, there have been 837,958 individ-
ual users with 14,465,574 page views, as seen in Fig 2. There are
4,337,250 sessions, and users spend over 2.6 minutes on average in
each session. Among all the visitors, 21.7% of the users are returning
users, whereas the rest of them are new visitors. Most of the users
(78.3%) use mobile devices to access the dashboard, whereas 19.1%
of them use Desktop. Only 2.6% of the users use a tablet to visit the
website. Although most users are from Australia(over 90%), there
are still some of them from other 184 different countries and areas
around the world. From different channels (e.g., social media, email,
online survey), we received much feedback from users aged from
10 to 80, around 81% of the users feel excellent or very good about
our website. The feedback includes appreciation letters, bug/error
reports, and feature requests. For example, we received an appreci-
ation letter from a Canadian user who has an immunosuppressed
daughter lives in Australia:

“The information that your site has provided brings my family
reassurance that my daughter is in safe hands; and for that we are
truly grateful. ”

Furthermore, there is also feedback that expressed their appreci-
ation while requesting more features like:

“Thanks for all of your hard work to keep people informed about
the spread of covid-19. Seeing the data each day really helps put
everything in perspective and is an effective way to reduce the fear
and panic that are being spread. The only addition I could think of

https://covid-19-au.com
https://github.com/covid-19-au/covid-19-au.github.io
https://covid-19-au.com/about-us
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Figure 3: The development life cycle

would be to include a new version of the “Cases, Deaths and Recoveries"
graph but allow it to be broken down by each state.”

Seeing such feedback really motivated the team to keep deliv-
ering features to the product and having a positive impact on the
users.

3.3 An Overview of Development Process
In this section, we demonstrate the development process of the
dashboard. Fig 3 shows the development cycle of how we build and
maintain the dashboard. Our development cycle starts with team
building. As most of our teammembers are volunteer students, they
would need to focus on their class works first and then help with the
development. So we have to constantly find new members to take
place for some old volunteers who need to deal with their assign-
ments first. Then, we adopt the Agile programming cycle in order to
deliver value and response to the requirements frequently [6]. The
development team meets virtually online to discuss which feature
to develop in the next sprint, and we only pick the tasks that are
actually needed. Moreover, inside each sprint, the developers report
their daily scrum online, pick tasks from Kanban, and do extensive
code reviews and tests. We discuss the details of each step in the
following part.

(Step-1) Team Building To develop this dashboard, we con-
structed a team initialised with the first three authors of this paper
as founders of this project and gradually expanded to over 200
volunteers from 12 different countries (e.g., Australia, China, Viet-
nam, et cetera.) with different expertise (e.g., IT, business, health).
Most of them are enrolled students who did not know each other
before this project, and all of them are working as volunteers. We
split the team into three groups: the data team (data collection
and update), the development team (build and test the dashboard),
and the communication team (manage the social media account
and communicate with end-users). Each team collaborates closely
with each other and keeps producing value during the development
process.

(Step-2) Requirement Elicitation Different from conventional
software development, we did not have a complete list of require-
ments before the project development and did not have enough time
for user requirement analysis before we started the development
due to the rapid change of the COVID-19 pandemic. Therefore, we
designed the initial version of the website with basic functions by
the inspiration from other dashboards developed in the counties
with earlier cases (e.g., China, Singapore) and our development ex-
perience. After building and releasing the Minimum Viable Product
(MVP) version of the website, the communication team keeps col-
lecting feature requests from public users’ comments and feedback.
They then summarised the requirements and discussed with the
development team to make implement plans. The plans include the

new feature development and the improvements on the existing
ones.

(Step-3) Data Collection Data collection is a really important
step to the information dashboard. The data needs to be accurate
and trustworthy. The data collection team collects the data from
different resources (e.g., Government websites, online newsgroups,
social media) using a semi-automatic way to make sure the infor-
mation users gained from our dashboard is correct and trustworthy.
The automatic crawler extracts the data from the Internet, and
volunteers double-check the results, including resolving the contra-
dictory information, identifying the reliable resources, and make
sure the numbers are correct. In terms of data trustworthiness, we
only use the data from country and state government official re-
lease and their official accounts on social media. And for the online
newsgroups, we use the news from mainstream national online
newsgroups and big newsgroups in the states of Australia. We have
our data sources listed here5.

(Step-4) Data Visualization We understand that data visual-
isation is not just about display raw data directly to the public.
With different types of data we collected in the previous step, we
add different types of data visualisations. For example, we use the
heatmap to show the case density in the suburbs and states, the
line chart to show the historical COVID-19 trend in Australia and
the other countries. We also use other charts like pie charts, bar
charts, and stacked charts to display data, i.e., the age and gender
distribution for each state in Australia.

(Step-5) Web Development We develop the website with Re-
act JavaScript, code is stored at Github for code management, and
the website is hosted on AWS. The development team adopts the
Agile programming model. The team members pick tasks from Kan-
ban and chat virtually through Slack channels or Zoom meetings
regularly. They also chat with the data team and communications
team to understand the requirement.

(Step-6) Testing & Release After the implementation of each
new feature, we manually test our web applications on different
devices to make sure the features work on all popular operating
systems and different screen sizes. We also ask a small portion of
our users to test the features and send feedback to us. After passing
the tests, we release the new features immediately to meet the
public needs on time.

4 LESSONS LEARNED IN DASHBOARD
DEVELOPMENT

During the rapid developments, we have made some mistakes as
well as conducting some experiments with our users. We also col-
lect and analyse the user activities to learn how they are using the
COVID-19 dashboard to continuously improve the website. With
our first-hand experience and theories in software development, we
summarise some lessons that are highly related to the pandemic it-
self. Furthermore, based on our work duties(developers, researchers
and instructors), we categorise the lessons into these three aspects,
which should be helpful with people who work in the same areas
respectively.

5https://bit.ly/2IEdFNj

https://bit.ly/2IEdFNj
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Figure 4: The update of case map

4.1 Lessons for Developers
The software developers’ productivity and wellbeing have declined
due to the pandemic [63]. To help them with their development in
future crises, we summarised four lessons for the developers based
on the mistakes we have made and the experience we gained in the
development process. The lessons are related to data collection and
visualisation, entity naming, and prioritise development tasks.

Lesson 1: Be careful about sensitive data Due to the sensi-
tivity of the COVID-19 data, any errors in the data may incur social
panic and spread fast among people [28, 84]. At the beginning stage
of our dashboard, we have not built up a mechanism to efficiently
update data in the dashboard. One day we accidentally put the
death number wrongly by adding an extra zero after the number.
Though we were aware of the error soon after the release, we cor-
rected the number and deployed the updated version as soon as
possible, we still received a number of complaints (over 20) about
the wrong number which resulting in users’ confusion, panic, and
disappointment of our data in the dashboard, which brought a
negative influence to the dashboard.

To ensure the data accuracy, we then decided to adopt a human-
centered semi-automatic mechanism to collect and verify sensitive
data such as statistics and news, which kept both the data accuracy
and maintenance update efficiency. In our approach, we first built
the crawlers to fetch the latest stats from different trustworthy
data sources. Then, we involved human into the loop (HITL)[81]
mechanism for having members from the data team to check the
data accuracy and also resolving potential data conflicts. Finally,
we published the data to the website for the public to view. Besides,
we also simplified the deployment process to adapt quickly update
so that if any unexpected errors happen, we can respond to them
quickly. In such a way, we reduce the chances that errors might
happen during the data collection process.

Another example is when developing the cases map, we firstly
use map markers to annotate COVID-19 virus stats in each city.
As seen in (a) Fig 4, the red cross icons represent the geographic
location of a COVID-19 clinic, and the grey markers represent
the number of confirmed cases in that suburb. However, then we
received feedback from users saying one of the markers was pointed
right on his farm, which he was not happy with: “You have a case
marked on our farm...”. Furthermore, we also received feedback like
the pointer was pointed in a national park which confused them if
there was a virus case in the park. So we changed it to the (b) of

Fig 4. We use the shades of red to represents confirmed cases in a
certain area to avoid the ambiguous and misunderstanding.

Lesson 2: Use domain-specific terms for a clear descrip-
tion In the development of such domain-specific app, it is cru-
cial to choose professional terms rather than some random words
which may cause ambiguity, confusion, and resulting in losing
trust in the product. In our development experience of the COVID-
19 dashboard, we once used the term “Existing Case” to describe
the confirmed cases that have not recovered yet. Though all of
the developers in our team can understand this well, we received
much feedback asking what does the Existing Case refers to as they
thought the Existing Case is identical to Confirmed Case, some even
suspect that we were using fraud data. We then realized that for
this kind of cases, there is a more professional term as Active Case
for it. We quickly change the wording of it and add an explanation
under the column to explain to the users who are still not clear
about it. Furthermore, adopting correct medical terms which is
both accurate and easy to understand is difficult, so we also further
checked all the other words that we were using, compared them
with the ones on the government Department of Health website,
and consult our team members with medical backgrounds to make
sure we are using the right form.

Lesson 3: keepusers calmduring the pandemicTheCOVID-
19 virus not only has a physical impact on the patients but also
brings heavy mental pressure, especially to people in lockdown or
quarantine. There has been an increased number of reports of de-
pression, anxiety, and distress across a number of medical staff and
the public [51]. The social distancing, the isolated policies, and the
fear of health and financial situations have negatively influenced
people on their mental health. When developing the COVID-19
dashboard, we learned that the increasing number of death and
confirmed numbers could cause people to feel anxious and worried.
In order to avoid this, developers shall also consider keeping users
calm when developing such dashboards.

Since knowing the facts about COVID-19 can help reduce stress [14],
in the COVID-19 dashboard, we develop the information page (seen
in Fig 1) that contains an instructional video of what the virus is,
general information, and frequently asked questions about the
COVID-19, and Australian state regulations. Furthermore, we also
add a daily distractions section to the page, which includes videos,
images, and news that are either fun and relaxing or motivated
people during the time.

Lesson 4: Develop different features for different phases
of the pandemic We develop the features that are only needed
now [17]. Since the pandemic starts with no signs and it spreads
around so quickly, there is no enough time for developers to develop
all the features. Also, as our communication team keeps receiving
feature requests from end-users, it is important to choose which
features to develop under the current circumstances. In our practice,
we chose the features that are needed the most based on different
phases of the pandemic which keeps the continuous development,
improves the efficiency of development, and increases developers’
motivation [17].

As can be seen in Fig 5, we firstly developed a Minimum Viable
Product(MVP) [64], based on the inspiration from other dashboards
developed in other countries (e.g., JHU, DXY, etc). Then, we noticed
that the Australian government started to release policies such as
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Figure 5: Temporal changes of our site

some necessary information about the virus and the regulations to
the public. Moreover, some online newsgroups also had detailed
news behind those numbers. So we added the news and informa-
tion features right after the MVP. As the COVID-19 pandemic was
getting worse, we noticed that more than 60% for the cases are re-
lated to overseas traveling[55] so we updated the related flights and
cruise ship information to the dashboard. As mentioned above, we
also added the daily distraction part to keep people relax and calm
during the pandemic. Finally, as the increasing curve was flattened,
we noticed that the pandemic in other countries was still severe,
so we added the global comparison to compare the pandemic in
Australia with the rest of the countries to give the users a global
view of the COVID-19 pandemic.

In such a way, we managed to add new features in each new
development iterations and keep delivering what is needed by the
users at specific periods of the pandemic.

Summary of lessons for developers: Software develop-
ers play an important role in fighting COVID-19. When
rapidly developing an information dashboard for future
crises, they should be careful about the sensitive data to
avoid society panic, use domain-specific terms to avoid
confusion, keep an eye on the mental health of users as
well as delivering features based on different phases of the
crisis.

4.2 Lessons for Academic Researchers
Apart from the development lessons sharedwith developers, we also
collect much information about users’ interactions and feedback to
our information dashboard. In this section, we explore the data we
collected to distill lessons that may benefit other researchers’ study
and improve the development.

Lesson 5: Understand people’s information needs about
COVID-19 During the development of the dashboard, we have
collected user feedback and their overall usage activities through
Google Analysis. By analyzing this kind of data, our platform can
help other researchers and Governments better understand people’s
COVID-19 information needs to which they can work to cater to.

Based on the data we collected from Google Analytics6 which
helps collect end-user behaviour of the website, we learned that
except the home page, state pages like Victoria (512,413 times), New
South Wales (164,192 times) and Queensland (80,125 times) are the
most visited pages, which are also the top three states that have
the highest confirmed case number of COVID-19 in Australia. Note
that the pandemic in Victoria is especially severe compared with
the rest two, which also makes its page view significantly higher

6https://analytics.google.com/

Component (actions) Portion
Case Map (click, zoom, span, etc) 71.7%

Case by State (choose state) 10.5%
Navigation (click) 8.2%

Global Comparison (select countries) 7%
News (direct to original news) 1.5%

Flight Search (search) 1%
Table 1: Users activities data collected from Google Analyt-
ics

Figure 6: Results from the feedback

compared with the others. We also collect how users interact with
page components. Table 1 shows the interaction frequency with
components. We can see that the most popular component in our
dashboard is the Case Map, as COVID-19 is spread by human and
people are most concerned with the spatial data.

For data from the user feedback, it is easier to figure out their in-
formation needs compares with the analytic tools, i.e. which part of
the website do they like the most, what are the features they require.
By September 2020, we have received a total of 315 feedback from
users. As mentioned above, over 81% of the participants feel excel-
lent or very good about the website we build. Some other details
as can be seen in Fig 6, of all the features in the dashboard, users
prefer the real-time stats of the detailed state data the most. Most of
the users come to express their appreciation to the dashboard and
leave their feature requests or bug reports of the dashboard. We
further cross-compare the data with their age and gender and find
out some facts, i.e. For users older than 40, they tend to raise bugs
and data errors (37% of users older than 40) whereas the younger
ones are more likely to ask for new features (44% of people younger
than 40) such as adding the test number and the ICU number to
the state table, introducing the log scale to the line charts, adding
detailed age/gender distribution, etc.

The data analysis from Google Analytics and users’ feedback
helps us to make a better adjustment to the dashboard in order
to improve their user experience. For example, we noticed that
a number of our users are using the Case Map to check the data

https://analytics.google.com/
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Figure 7: The interactive data map

with their mobile devices (over 80% of users are mobile users), and
we have also received some feedback expressed that it’s hard to
interact with the map on small screens. So, we added a full-screen
option to the map for users to be able to better navigate on the
map (as can be seen in Fig 4 as well). We also prioritised the feature
requests based on the number of them accordingly.

Lesson 6: Understand users’ different interactions on mo-
bile and desktop devices The interactive COVID-19 case map,
as illustrated in Fig 7, has been considered to be one of the most
critical parts of our dashboard according to our user feedback (as
Case map in Table 1). Epidemics of emerging infectious diseases
such as COVID-19 are often observed as several clusters of disease
at widespread locations [75], and its transmission is more likely to
occur between individuals that are in close proximity [61]. There-
fore, spatial data such as confirmed case numbers in different areas
are quickly disclosed and broadcast to the public.

When people perceive such data, they naturally interact with it
as it is easy to understand. This is one of the reasons for the case
map component is popular. However, due to the complexity of the
spatial data and the characteristic of this pandemic, we hope to
provide more insights to researchers on how users interact with
the map especially in mobile platforms, which can help with their
system design in future crises.

Users can interact with the map by actions including zooming,
panning, and clicking. We analyzed 779,018 records of our dash-
board’s map interaction logs from August 10 to September 9, 2020.
These logs were further aggregated into 61,322 sessions. Among
these sessions, we found that more of them were generated by
mobile users than desktop users. 43,503 sessions were carried out
by mobile devices, which took 70.94% of all the sessions. Moreover,
there was a clear difference between the interaction patterns of the
two user groups. Mobile users spent less time interacting with the
map. A mobile session’s average duration was 41.57 seconds, while
it was 94.61 seconds for a desktop user. Correspondingly, mobile
users generated fewer activities. Their average number of activities
per session was 11.57 times, which was 25% less than desktop users.
The reason might be that it was hard for mobile users to carry out
complicated gesture actions on the small screen than desktop users
with a mouse or touchpad.

Figure 8: Session activities breakdown

State Clicks Case Number
Victoria 4,849 20,269

New South Wales 2,625 4,273
Queensland 1,395 1,161

Western Australia 823 692
Southern Australia 500 473
Northern Territory 361 33

Tasmania 191 230
Australian Capital Territory 27 113
Table 2: Clicks on state and territory tiles

Navigation took up the majority of all the activities. As indicated
in Fig 8, mobile users and desktop users spent 95.59% and 86.99% of
their activities respectively on zooming and panning. After users
locate an area, they can click on it to see the detail. Mobile sessions
had a 0.51 average click volume, which means that only 50% of
them click on any of the tiles. In comparison, desktop sessions had
2 average clicks. Most users were not enthusiastic about finding the
tile detail, including history numbers and trends. 85.91% of all the
map sessions had not clicked any tile on the map. However, when
calculating the sessions with at least one click recorded, we found
that those sessions had 4.2 clicks on average. This indicates that
those who want to explore the details tend to select multiple places
inside one session.

Lesson 7: Understand users’ interests in the map
Apart from the interactions, researchers can further tell users’

interest areas on the map by mining different interaction records.
The results may help the Government make the policies accordingly,
understand one area’s mental stress, etc.

From the data we collected from the case map, we find that the
hot area in the map is proportional to the number of active cases
in the areas. Refer to Table 2, of all the 8 Australian states showing
on the map the most clicked one is Victoria, which is the state
that also has 74% of all the cases in Australia by October 2020. The
Local Government Area (LGA) level data shows the same pattern.
The most clicked tile is Wyndham Victoria, which has the most
COVID-19 cases among all the other LGA areas. Out of the 14,168
sessions that recorded a click, 71.2% of them clicked on a tile that
is 50km away from their IP locations, which indicates apart from
where they are based, the users are also interested in the situation
outside the place they live in or work at. This reveals that users
show more interest in the hot spot area with more case numbers
regardless they are the residents or not.

Another factor leading to the hot area is not related to the COVID-
19 case number, but the size of that area. The Northern Territory
State is of the least cases and least population among all the other
states in Australia, but it attracted more clicks than Tasmania and
Australian Capital Territory because it is the third-largest state in
Australia in size. It is 15.6 times larger than Tasmania and 602 times
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Figure 9: Clicks on Wyndham and Yarra Ranges aggregated
(other clicks were hidden for clarity)

larger than the Australian Capital Territory. A similar situation
happens in clicks on LGA level data too. Take the second most
clicked LGA area, Yarra Ranges Victoria as an example. Compare
to the Wyndham (the most clicked LGA with the highest confirmed
number), Yarra Ranges has 90% confirmed cases less thanWyndham,
but is more than 4 times larger than it. Fig 9 shows the clicks on
Wyndham and Yarra Ranges, the red layers represent the confirmed
case numbers, whereas the green represents the click numbers. The
darker the color is, the higher numbers it has. So the larger area
gets a higher chance to be clicked.

The website also offers several data layer options for users to
choose from (top left corner of Fig 7), i.e., active case, total case, total
deaths, etc. However, only a few users appeared to have selected
them. Excepting the default layer “active cases" which was designed
to be displayed for every session, the 4 most displayed layers (total
cases, new cases, recovered number and death number) took 11% of
all sessions. A similar pattern was found in the history data periods
filter and history data slider as well. Most sessions were not related
to either of those functions.

Summary of lessons for researchers: By analyzing
users’ interactions and feedback to our information dash-
board, we find that users always want to see more types of
data and visualizations, they are interested in interact with
case map the most, desktop users interact more compare
with mobile device users, and they tend to focus on the
area with high confirmed case numbers, etc. The conclu-
sion may help other researchers understand people during
the pandemic and decision-makers in the government to
design their policies.

4.3 Lessons for Software Engineering
Instructors

Our dashboard is an open-source project initiated by Software
Engineer (SE) instructors and run by volunteers, mainly university
students. This section summarized the participants’ experiences
and listed several suggestions that may help SE instructors teach
software engineering principles and concepts during the pandemic
through project-based learning.

Lesson 8: Students benefit fromsoftware engineering project-
based learning in the pandemic Although researches show that
university students experienced heterogeneous disruptions during

Figure 10: Slack message volume by channels

the pandemic [4, 12, 48], our volunteers unanimously expressed
that participating in the project is a beneficial experience.

One of the benefits is that participating in such projects prepares
them for their future career. Many participants revealed the gap
between the industry requirement and skill they acquired from
tertiary education [62]. By participating in the project, they get
a chance to apply their SE principles and knowledge to a real-
world project. Our project is authentic, larger in scale, and more
agile in pace compared to the capstone projects they were assigned
from regular university courses. The site’s development can be
traced through its GitHub repository7. There were 29 contributors
submitted 604 pull requests with 2921 commits in 206 days, which
is approximately 14 commits per day. The two peaks of the commit
volumes are aligned with the two waves of outbreaks in Victoria
Australia, where the majority of the developers based. The commits
were mainly submitted during the night, 62% of the commits were
submitted between 20:00 and 00:00 (GMT+11), as most of the major
updates are deployed at night. The manual website updates last
from morning to night, volunteers work in pair on shifts to submit
and review data. The communication team runs multiple social
media accounts, posts live data and write blogs to keep the public
informed.

Being able to work with a big community closely is another
benefit. It helps the students cope with the social distancing and
lockdown, by providing a sense of belonging and equipping them
with useful soft skills, especially the communication and cooper-
ation skills in the large development team. In the project, over
200 members communicate closely to plan, implement, test, and
maintain the dashboard to keep it abreast of the pandemic via slack
across 13 different channels as per Fig 10. The discussions aremainly
work-related. We applied the Latent Dirichlet Allocation(LDA) [8]
algorithm to all the chatting records and discovered the most fre-
quently discussed topics are the data collection (includes news and
case numbers), web page design, page testing, and requirements
discussions.

Therefore, instructors can use such a project-based learning ap-
proach to teach software engineering students under the epidemic
allows students to collaborate within a large development group,
and better understand the software development life cycle.

Lesson 9: Support students through the project process in
the pandemic

7https://github.com/covid-19-au/covid-19-au.github.io

https://github.com/covid-19-au/covid-19-au.github.io


ICSE-SEIS’22, May 21–29, 2022, Pittsburgh, PA, USA Han Wang, Chao Wu, Chunyang Chen, Burak Turhan, Shiping Chen, and Jon Whittle

Figure 11: New recruitment overtime

The COVID-19 pandemic has created many unprecedented chal-
lenges for students, and they need support from the instructors to
better continue their study. Based on our experience during this
open-source project, which is dominated by university students,
we believe that instructors can provide assistance in the following
areas.

Online open source project provides an immersive learning op-
portunity for the students, which is an effective pedagogy to teach
Software Engineer principles and concepts. In our project, the in-
structor plays a role as the project manager. After completing the
initial organization and helping the groups break the ice, the instruc-
tor guided the three student teams to independently arrange their
rosters, schedule regular meetings, manage tasks and approach
users. As a result, all the teams accomplished their works success-
fully and kept bringing values to the dashboard website. In a survey
we conducted with another research group, students stated that
both their technical and non-technical skills grew after participat-
ing in this project. The most significant growth from these two
categories are front-end development (34%) and working online
skills (31%). A number of the participants also mentions other skills
like UI/UX (32%), promotion (30%), and time management(24%).

Instructors’ promotion can also help with the team building.
Based our slack member analysis (Fig 11), we find that every time
the volunteer team is enlarged in size is because of the instructors’
help includes posts on the university website, Information Tech-
nology deportment newsletter, and class promotion. Many of the
students revealed that they would not know they could participate
into the project without such promotions, and they are grateful for
this.

The sense of contributing to a great cause is the students’ largest
motivation, according to the student volunteers. Some explained
that the project relieved them from powerless for not being able to
do much during the pandemic apart from passively quarantined at
home. However, the rapidly developing pandemic keeps causing
pressure to the participants who are closely following it, which
requires awareness from the instructors. We applied sentiment
analysis to the Slack messages to see the atmosphere in our project
and our instructor’s strategy to keep members motivated while not
overwhelming. An AFINN word list [54] test shows the instructor
has a 28% higher sentiment level than the ordinary members. Of
all the Emojis in all the chatting history, the instructor alone sent
16% of them. This shows the instructor’s attempt to use a positive

attitude to motivate the group. Such efforts provide a friendly and
encouraging atmosphere, which reduces the stress for students.
Furthermore, we observed that the instructor is the most responsive
to all the members’ questions and achievements. This prevents the
question owner’s anxiety from building up while making people
feel appreciated.

Summary of lessons for software engineering in-
structors The COVID-19 pandemic is changing the land-
scape of higher education, and instructors will have to
adopt newways to help students solve their challenges and
create programs that are better suited for remote learning.
Our experience has shown that organizing an open-source
social-good software projects like ours is an good way
for instructors to help students mitigate disruptive effects
during the COVID-19 pandemic. By creating a positive
environment and providing prompt support and feedback,
instructors can help students gain experience and improve
their skills, thus enhancing their motivation during devel-
opment.

5 CONCLUSION AND FUTUREWORK
In this project, we essentially followed an iterative process of un-
derstanding the users’ values as the project emerged. We share our
experiences on the development of COVID-19 Information Dash-
board. Most importantly, we summarize 9 lessons for developers,
researchers, and software engineer instructors, which may help
them with their works and further benefit the society. Many of the
lesson descriptions in this paper are about taking into account a par-
ticular human value during design. For example, lesson 3 concerns
being sensitive to adverse physiological reactions in users because
of the way data is presented. In an ideal world, the relevant values
for an application would be uncovered upfront during requirements
engineering. However, this is difficult in practice and a more itera-
tive approach is required, as followed in this paper.Research shows
that software engineers do not naturally think about human values
during development [40] and so the work here presents a case study
from which useful insights may be drawn on how to properly un-
derstand and design for human values as the three roles a software
engineer can be.

In the future, we are going to further explore the project in two
directions. On the one hand, we will further improve our site fol-
lowing the requirements from the public users and sharing more
valuable data and experience with developers, researchers, and in-
structors. On the other hand, we will try to abstract our existing
project into a general template that can be adapted to other emer-
gency disasters like bush fire, flood, etc. We plan to release that
template into an open-source platform for the community.
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