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Abstract In the severe epidemic situation, the role of universities in Taiwan should
not only perform traditional education and academic research functions, but also
effectively prevent severe and special infectious pneumonia in terms of the univer-
sity’s social responsibility. Because Taiwan currently does not have a vaccine for
COVID-19, the border epidemic prevention strategy is given priority to prevent the
virus from entering the community. In terms of colleges and universities, the main
strategy is to require everyone wear masks and maintain sufficient social distance to
reduce the risk of contracting the virus. At the same time, the real-name system is
adopted to improve the accuracy of the epidemic investigation. Accordingly, through
cross-domain integration, National Taiwan University not only strengthens NTU
COOL’s remote teaching services, but also develops an automated temperature-
measuring device with a contact tracing system to help the Epidemic Prevention
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Command Center quickly grasp the chain of infection. However, community infec-
tion broke out in May 2021. National Taiwan University immediately adopted to
comprehensive remote teaching, and real-name tracing system should also be imple-
mented. Finally, through the sharing of Taiwan’s experience, we hope that Institutions
can refer to it and further enhance campus safety and resilience.

Keywords Social responsibility + Social distance + Remote teaching - Automated
temperature-measuring + Contact tracing system

9.1 Overview of Taiwan Government’s Epidemic
Prevention in the Higher Education System

Science and technology advancement has improved transportation, allowing various
countries’ development to internationalize gradually. This in turn enables the interna-
tional population to circulate, with the spread of diseases becoming easier. Infectious
diseases often break out quickly, and the development of the epidemic has attracted
public attention. In the past two decades, infectious diseases that have newly appeared
in humans are called “emerging infectious diseases.” They have rapidly increased in
number, and some have even developed drug resistance, which has severely impacted
human health, social security, and economic stability (Li et al. 2014). Taiwan has been
continuously affected by the novel influenza A (Novel Influenza A Virus Infections)
and seasonal influenza HIN1 since SARS in 2003, the 2009 global HIN1 influenza
pandemic, and China’s H7N9 avian influenza epidemic in 2013. The epidemics grad-
ually receded due to Taiwanese health agencies’ active infection control strategy,
showing the importance of the infectious disease. Taiwan has thus developed its
current anti-epidemic system based on its previous anti-epidemic experience (Yen
et al. 2014).

The methods of selecting and taking courses in colleges and universities are more
flexible and diversified compared with junior high schools and below. The interac-
tion between the university campus and the community is also closer. In order for
colleges across the country to properly, quickly, and accurately respond to COVID-
19’s development, Taiwan’s Ministry of Education decided to delay the semester start
date for higher education from the original mid-February 2020 to March 2. It was also
announced in mid-February that National Cheng Kung University, China Medical
University, and Asia University would work to publish a “College & University
Infectious Pneumonia Prevention and Control Work Outline” (NCKU et al. 2020).
It was hoped that prior to the semester’s start, all colleges and universities would
mobilize all relevant units within each school to propose countermeasures to provide
a safe and healthy campus environment at the beginning of the semester to maintain
each school’s normal operating functions. The Ministry of Education’s key tasks for
epidemic prevention in colleges and universities are as follows (Ministry of Education
2020):
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1. The establishment of the “Epidemic Prevention Advisory Group for
Colleges and Universities”
COVID-19 pandemic is severe. In order to maintain the health of teachers
and students and assist colleges and universities to respond properly, the
Ministry of Education established the “Epidemic Prevention Advisory Group for
Colleges and Universities.” This group is responsible for epidemic prevention
policy consultation, drafting a national prevention and control outline, assisting
to review each school’s contingency plans, visiting schools to consult, and
responding to emergencies and other matters. The group also helped convene 1
to 2 medical schools in each of the North, Central, South, and East regions to
assist with district counseling matters.

2. Formulating the “QOutline for the Prevention and Treatment of Severe
Special Infectious Pneumonia in Colleges and Universities”
The Ministry of Education has established an epidemic prevention program for
colleges and universities in order to enable colleges and universities across the
country to properly, quickly, and accurately deal with the spread of the epidemic.

3. Host the “Seminar on Prevention of Severe and Special Infectious Pneu-
monia in Colleges and Universities”:
The Ministry of Education hosted the “Seminar on Prevention of Severe and
Special Infectious Pneumonia in Colleges and Universities” at Fu Jen Univer-
sity, Cheng Gung University, Asia University, and National Cheng Kung Univer-
sity from February 20 to 21 to help schools fully grasp key points of campus
epidemic prevention before the start of the Spring 2020 semester. 157 colleges
and universities across the country sent their epidemic prevention commanders
at or above the deputy commander level to participate in the seminar.

4. Review school-wide contingency plans proposed by each school and give
suggestions for improvement
The Ministry of Education asked all colleges and universities to draft and submit
a school-wide contingency plan related to epidemic prevention before February
7, 2020. They were reviewed on the 15th of February.

5. On-site school visits
The Ministry of Education conducted site visits in late February in order to
supervise and understand each school’s epidemic prevention operations and
their implementation. Additionally, the Ministry inspected the school’s plan-
ning and material preparation in high traffic areas such as classrooms, libraries,
gymnasiums, restaurants, toilets, and dormitory environments.

6. Establish a regional center
The Ministry of Education divided 157 colleges and universities across the
country into North One, North Second, Central, South, and Eastern Districts to
ensure all schools had professional assistance nearby. The Ministry designated
medical schools or hospitals in each district as a Regional Center to assist in
district counseling matters.

In 2006, the Ministry of Education formulated the “Implementation Measures for
Distance Teaching in Colleges and Universities.” Colleges and universities should
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designate a dedicated unit to implement distance learning. The term “distance learn-
ing” refers to the interactive teaching conducted by teachers and students through
communication networks, computer networks, video channels, and other transmis-
sion media. More than half of the teaching hours of a single subject shall be conducted
via online teaching.

The implementation of online teaching in schools should be based on a learning
management system (often called LMS) that can implement teaching, record student
learning, and other support functions. A university that offers “distance learning
courses” should design the teaching plan in accordance with the school’s regulations
(teaching objectives, students, syllabus, teaching methods, teacher-student interac-
tive discussions, performance evaluation methods and class notes, etc.). Distance
learning must be designed in accordance with the rules of the University Law.
Curriculum planning and discussion procedures are stipulated by College Law,
implemented after the approval of a school-level academic affairs meeting, and then
finally announced via the Internet. Credits earned from distance learning classes
count toward graduation.

Universities have launched online teaching mechanisms in response to the
COVID-19 pandemic, if in-person classes need to be suspended or if students cannot
return to Taiwan from overseas. The university will start an online teaching mech-
anism due to special circumstances resulting from the epidemic, no matter whether
courses have applied for distance learning approval in the previous semester. Non-
synchronized or synchronized online learning modes can be used. For example,
teachers can plan and design courses via remote learning, design online discus-
sions and tests, and put them on the learning management system in order to imple-
ment non-synchronous online teaching activities. Or, a teacher can use a synchro-
nized online teaching system to teach and communicate online with students at the
same time. Non-synchronous and synchronous online teaching were arranged in a
timely manner according to course attributes and resources. If in-person classes were
suspended, they could start immediately and seamlessly integrate.

9.2 Impacts of the Epidemic on Taiwan’s Higher Education
System

Universities implemented a rolling risk management strategy to counter the COVID-
19 epidemic that began in February 2020. This strategy maintains the education and
research function of Taiwan’s colleges and universities, taking into account the health
risk of teachers and students, as the number of confirmed diagnoses changes every
week in the country. Figure 9.1 shows the number of confirmed cases in Taiwan from
week to week starting from the second week of 2020. The first person diagnosed with
the virus in the country’s university appeared at Cheng Gong University in Southern
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| 1 case from NCKU: caused 2 students to be isclated.
1 case from NTHU: may affect 26 students who have been in close contact, and 20 courses with more than 900 students.
< 1case from NCCU: No contact.

| 1case from USC: caused 10 teachers and students to be isclated.
1 case from NTNU: The school decided to temporarily suspend classes, and distance learning from 4/6 to 4/17,

ses of Taiwan

Fig. 9.1 Taiwan countrywide weekly COVID-19 confirmed cases vs. university confirmed cases

Taiwan in the 12th week of 2020. This patient was also Taiwan’s first patient to have
a “loss of smell and taste.” Tsinghua University located in Northern Taiwan also
recorded a local infection case caused by international travel. A confirmed case of
an exchange student returning to Taiwan from Europe also appeared in Chengchi
University in Northern Taiwan in the 13th week. An exchange student at the Shih
Chien University in Northern Taiwan was diagnosed with the virus in the 14th week.
A male professor was diagnosed after returning to Taiwan from the United States,
resulting in 10 teachers and students being quarantined at home. Additionally, a
college student at Taiwan Normal University was locally infected from an unknown
source, forcing school authorities to temporarily suspend classes. Taiwan Normal
University decided to switch to online learning starting in weeks 15 and 16.

This section reviews actions taken by National Taiwan University at different
points in time during the epidemic as an example to illustrate relevant actions taken
by Taiwan’s higher education system to combat COVID-19.

e The timeline of NTU’s responses to the epidemic

JAN 29, 2020: NTU’s Academic Affairs Office held a cross-organizational
epidemic prevention team meeting to complete the school-wide epidemic preven-
tion strategy and management plan. After discussing with the administrative team,
the university issued a school-wide epidemic prevention strategy letter at 11 o’clock
that evening and issued a school-wide epidemic prevention strategy letter on January
30 in English. On January 30, the university’s principal convened a school-level
epidemic prevention and response team meeting.

MAR 23, 2020: Starting March 23, for two weeks, NTU took the following
measures in response to the cluster of COVID-19 cases in Academia Sinica
(Nangang):

1. NTU students and staff could not visit Academia Sinica, and all physical
exchanges and visits between NTU and Academia Sinica were suspended.
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Physical teaching and learning activities, including classes taught by joint-
appointment or adjunct faculty or by instructors from Academia Sinica, were
moved to distance learning for the following two weeks.

2. NTU students and staff who had been to Academia Sinica in Nangang District
in the past two weeks (March 8-22), should implement two-week self-health
monitoring at home (starting the day following the last contact date) and avoid
coming to the campus.

3. Shuttle bus service between NTU and Academia Sinica was also suspended
during this period.

MAR 25, 2020: In the following two weeks starting March 25, all nonessential
club activities on campus were suspended to prevent the spread of COVID-19.

MAR 30, 2020: The NTU campus begun to implement access control, with each
entrance and exit having a monitoring station. Access monitoring time is 7:30 to
19:30 every day (including holidays).

MAR 31, 2020: A confirmed student with the virus appeared at NTNU on the
evening of the 30th. NTU immediately contacted National Taiwan Normal University
to learn about the confirmed student’s footprint history.

APR 08, 2020: Till the end of April, all NTU departments, institutes, and units
moved to videoconferencing for meetings where a physical gathering was nonessen-
tial. Meeting organizers may consider using any appropriate videoconferencing
software or applications, such as U Meeting and Zoom.

MAY 19, 2020: According to a press release (in Mandarin) published by the
Central Epidemic Control Center (CECC) on May 13, restrictions on gathering size
(100 people indoors; 500 people outdoors) will be lifted if the daily anti-COVID-19
instructions were strictly followed during the event. Starting June 1, NTU’s anti-
COVID-19 measures will be relaxed.

JUN 08, 2020: According to the press release (in Mandarin) issued by the
Central Epidemic Command Center (CECC) on June 4, community epidemic control
measures will be relaxed if no additional domestic cases were reported before June
7. NTU will thus loosen the current building access control measures. Starting June
8, visitors were only required to swipe their ID cards without temperature check
for record keeping upon entering any building on campus. Access control stations
staffed by NTU personnel in shifts were removed.

NOV 26, 2020: As fall turned to winter, the COVID-19 pandemic continued to
worsen globally. On November 18, the nation’s Central Epidemic Command Center
(CECC) announced it would launch the “Fall and Winter COVID-19 Prevention
Project” on December 1.
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9.3 New Role of Universities for Teaching and Learning
Methodologies: A Case of National Taiwan University

Traditional thinking will inevitably fail to respond to the new era. And the past
economic model may not be able to drive the usual growth. Universities have long
acted as the platform to drive generational change. They should now lead various
stakeholders to think about future changes and direction together. At the same time,
universities should actively connect the needs and resources of cities and industries
and effectively operate as a platform for regional business partners. We need to plan
a new paradigm for future generations based on mutual benefits and prosperity. The
purpose of the new role of universities for teaching and learning methodologies was
to effectively prevent the expansion of COVID-19, to ensure both the safety of the
large number of faculty, staff, and students as the new semester began, and also
the school’s normal operations. Briefly, this section mainly explains the innovative
actions taken by National Taiwan University for non-contact and contact learning
due to the epidemic.

9.3.1 Non-contact Teaching: NTU COOL

NTU decided to move all courses in the Spring 2020 semester with more than 60
students online and encouraged faculty members to offer online classes in order to
reduce the risk of cluster infection and to lessen COVID-19’s impact on learning.
This section presents how NTU COurses OnLine (NTU COOQOL), a digital learning
platform developed and operated by NTU, took actions to assist teachers and met
this urgent need for online teaching. NTU COOL features tools for video learning,
online interaction, and learning footprint tracking. We also discuss how NTU COOL
accommodated the unexpected, rapidly increasing traffic via prompt upgrades of
its network, storage, and computing infrastructure. Consequently, at the end of the
semester, NTU COOL served more than 24,000 online learning students and proved
instrumental for NTU professors’ online teaching experience. We believe that this
has become a turning point for the entire NTU community to move toward innovative
teaching and blended learning in the near future.

9.3.1.1 Overview of the Teaching and Learning in NTU During
the COVID-19 Pandemic

Many schools made adjustments such as shutting down the campus and moving all the
courses online due to COVID-19. Although Taiwan compared with other countries
was relatively stable, NTU still undertook several countermeasures to reduce the risk
of cluster infection and to lessen the COVID-19 impact on learning.
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Table 9.1 Timeline of NTU teaching policy for Spring 2020
Date Policy

Early February | Because of border control, many foreign students were not able to return to
campus for the spring semester. The Office of Academic Affairs announced the
“Measure in Response to the COVID-19 Pandemic,” and classes with foreign
students were asked to offer online learning

Feb. 21 The President and Digital Learning Center’s online broadcast event was held to
prepare the faculty for online teaching and to disseminate resources for
preparation

Mar. 2 Spring semester started

Apr. 6 Classes with more than 100 students moved completely online

Apr. 20-24 Midterm exam: Many classes performed online exams or conducted
assessments designed for online environments

Apr. 27 Classes with more than 60 students moved completely online

May 18 Classes with less than 100 students were allowed to move back to physical
classrooms

Jun. 1 All classes were allowed to move back to physical classrooms

Jun. 15-19 Final exam

Table 9.1 shows the timeline and the teaching policy of NTU in the Spring 2020
semester. The policy can be split into three stages as the university faced different
challenges in each stage. First, from February to March, they were requested to
prepare for online teaching by acknowledging the pedagogy and techniques. Starting
from April, all classes with more than 60 students were moved completely online,
and online teaching was conducted in either a synchronous or asynchronous manner.
In the last stage, the university investigated possible options and conducted course
assessments online such as having online quizzes or assignments as substitutions.

NTU COOL, a digital teaching and learning platform developed and operated by
NTU, played a crucial role in assisting teachers to meet this urgent need for online
teaching. While NTU COOL features tools for video learning, online interaction, and
learning footprint tracking, it helped teachers address challenges introduced by online
teaching and served approximately 1/3 of NTU courses, i.e., more than 2000 courses,
in the Spring 2020 semester. The number of courses and users increased about six
times compared to those of the previous semester. The following section aims to
introduce NTU COOL, share how it supported teaching and learning during the
pandemic, and how it helped NTU promote online teaching with high effectiveness
and efficiency.

9.3.1.2 NTU COOL and Its Video Learning Module

NTU COOL is the online Learning Management System (LMS) developed in
2018 by NTU’s Digital Learning Center. This platform is based on Canvas LMS,
which provides basic functions for teaching and learning activities like handouts
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uploading/browsing, assignments submission, and grading. We further developed
custom modules for video learning, online interaction, and footprint tracking aiming
not only to provide a powerful tool for faculty members, but also to allow students the
capability of autonomous learning and support them to manage their own learning
pace. These are integrated with the base system via Learning Tools Interoperability
(LTT).

One of NTU COOL’s best developed features is a custom Video Learning module
that lowered the barrier of online teaching. It allows users to upload their own videos
and import videos from YouTube, to post comments and replies on specific parts of
videos, play videos at different speeds, collect video viewing behaviors of students,
and provide visualized statistical charts/graphics.

The following provides a quick description of the main functions provided by the
Video Learning module.

1. Videos as teaching material.

a. Add YouTube videos or upload video files: Video Learning module allows
instructors to upload their own videos or to import public videos as their
teaching material.

b.  Synchronized with Lecture Recording Systems: 21 classrooms in NTU
are equipped with the automatic lecture recording system which records
lectures taking place in the classrooms and, once the classes end, uploads
the video files to the corresponding courses on NTU COOL. Instructors
can import these lecture recordings to their course modules with simple
steps and students can review the lectures by watching these videos.

2. A video player for flexible learning pace (see Fig. 9.2).

ability of that = system, vehicle, mac uice
pertorm its intended tunction under
tors. for a specified period of

Pause and Fast-forward/ Backward Playback Speed

| - T | i o) 24123

Fig. 9.2 Video player interface for flexible learning pace
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Fig. 9.3 Each blue dot on the time line represents a comment at that specific time in the video.
The comments are both shown during the video playback (a) and also below the videos (b)

One of the features of teaching videos is that students can learn at their own
pace. NTU COOL’s video player is designed to support this learning style. The
module allows students to control video playback so they can pause the video for
taking notes, search for a specific part to review, and skip parts which they are
already familiar with. Additionally, students can choose video resolution, which
helps overcome online learning limitations due to their internet environment.

3. Online interaction for in-depth learning.

The module allows all course members, i.e., students, teaching assistants,
and instructors, to leave comments or questions for a particular time in a video
(see Fig. 9.3a and b). These real-time comments appear on the screen while
the video is played and can be responded to by other course members. The
feature encourages students who might be too shy to ask questions in a physical
classroom to post their opinions online and leads to more online interaction.
All the comments and their discussion threads can be exported to an Excel file,
which offers a way to save these interactions and to conduct further analysis of
students’ feedback.

4. Learning history for better teaching and learning efficiency (see Fig. 9.4a and
b).

The module provides visualized statistical charts/graphics of students’ video
watching behaviors including their completion rate and the view counts of
different parts of the video. This information enables instructors to keep track
of students’ learning pace to adjust their teaching pace accordingly.

9.3.1.3 NTU COOL’s System Enhancement During the Spring 2020
Semester

After the service of NTU COOL was brought online in September 2018, the original
plan was to gradually promote the platform and encourage the switch from the old
platform over a span of a few years, during which COOL would be improved based
on users’ feedback. However, in Spring 2020, a complete change of plan took place
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Fig. 9.4 Visualization of learning footprints provided includes the view counts and the completion
rate of students for each video

due to the university epidemic prevention policy to cope with COVID-19. Courses
with more than 60 students were instructed to completely move online. They require
anew learning platform to support video-based learning and online interaction as the
older one did not have these functions. Subsequently, the majority of these courses
made the decision to leverage NTU COOL, where we saw the number of registered
courses grew from 306 in Fall 2019 to 2,001 in Spring 2020, servicing more than
24,000 students.

To accommodate the unexpected growth and facilitate a smooth transition from
physical classroom to online environment, we started our upgrade to various aspects
of the platform, including system performance, storage, and network bandwidth,
about two weeks before the semester started. The following describes our major
upgrades in detail.

1. Storage upgrade for the video service
Due to intellectual property considerations, NTU COOL chose to create infras-
tructure to host video within our campus instead of leveraging cloud storage
solutions. Before the Spring 2020 semester, we continued to use a volume
formed by 12 6-TB hard drives, which effectively allows the storage of 30
TB of files. However, after it was announced that courses with more than 60
students have to move online, we quickly took action to enlarge the volume. On
March 27, we switched the storage of our production object server to an 87-TB
volume that is capable to accommodate videos for at least 1,480 course. At the
end of the semester, the total storage used by video files was approximately 40
TB. After the upgrade, we also made arrangements to secure additional NAS
expansion unit and large-capacity hard drives. These additional drives were
used to create a redundant system, for testing, and for future expansion. Today
in 2021, we are working on switching to a distributed object storage system,
where it allows high availability, reliability, and load balancing.

2. Upgrade of Video encoding service
Similar to many other video streaming services, NTU COOL allows its users
to select a proper video resolution during playback, so it can accommodate
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Traffic (Mb/s)

different network environments. To do so, after a video file is uploaded, our
system will schedule an encoding task for this particular file, where it will
be converted to files with lower video resolutions. However, similar to other
services, the unexpected rapid growth of the usage brought the encoding service
over its original design limit. At some point in March, the number of uploaded
video files grew faster than the number of files completing the encoding tasks.
Thus, we had more than a few hundred files in the queue, waiting to be encoded.
In late-March, we quickly took action to add three 24-core servers to the video
encoding cluster; subsequently, all the files within the waiting queue were
quickly processed and emptied, and the encoding tasks of new uploaded files
can all be completed in the same day.

Network infrastructure upgrade

Video streaming service consumes the most network bandwidth on NTU COOL.
In early March, we observed that during lunch-time peak hours, the outgoing
throughput of the object server was already at approximately 450 Mb/s (Fig. 9.5),
which accounts for almost 50% of the 1 Gb/s links between the server and the
network switch, as well as the optical uplink to the main campus router. To
accommodate the foreseeable rapid growth of required network bandwidth,
we gradually upgraded relevant network components during March, including
the network interface card on the object server and on the NAS, the network
switches, and the optical uplink to leverage 10 Gb/s hardware. Considering that
a 1080p video consumes approximately 4 Mbps per user, after the upgrade,
COOL is expected to serve 500-1,000 students to watch video simultaneously.
Stress testing the COOL web server

Courses with more than 60 students cannot have classes in a physical classroom
after April implied many large classes had to take their midterms online, e.g.,
on NTU COOL. Online exams present a great challenge to NTU COOL, as it
is time sensitive and any system failure, data corruption or loss, or even long
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Fig. 9.5 The outgoing throughput of the object server
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system latency, would have great consequences. Two weeks prior the midterm,
our team started to leverage the open-source web stress testing tool, JMeter
(Apache JMeter 1999), to perform stress tests to our online exam component of
the system. Afterward, we were able to accommodate 500 students operating
exam-related functions within the same minute, with a maximum latency of 10
seconds.

9.3.1.4 The Challenges of Promoting Online Teaching and How We
Dealt with Them for NTU COOL

NTU has been promoting digitized teaching and blended learning for many years.
However, since most of the faculty members need to dedicate themselves to teaching,
researching, and administrative works at the same time, only a small part of the
community are willing to redesign their courses and try innovative pedagogy. Urging
instructors to move their classes online within such a short period of time under the
pandemic presented a greater challenge to the university.

From the perspective of interacting with the students, many faculty members
expressed that the primary concern about online teaching is that they will lose contact
with their students (Aycock et al. 2002). Since students are accustomed to being
passive learners, more discipline is necessary for them to succeed in completing
online tasks (Allen and Seaman 2006). From the professional development perspec-
tive, faculty members indicated that there must be faculty support for course redesign
and learning new teaching and technology skills (Vaughan 2007). High education
faculty members are afraid of learning new technologies and are unaware of its bene-
fits (Vaughan 2007). Additionally, the lack of resources provided by the institution
will make resistance even stronger (Garrison and Vaughan 2013).

First, we used NTU COOL as a training platform for teachers and TAs to obtain
both knowledge and technical guidance about online teaching. We provided a live
broadcast, Digital Teaching Info Session, through NTU COOL a week before the
semester started. In addition, two virtual training courses were uploaded onto NTU
COOL. With these approaches, teachers prepared themselves for online teaching and
got familiar with NTU COOL, the platform they would use in the following semester.

Second, we made NTU COOL an online classroom where teaching and learning
activities can continue without interruption with course videos and online discus-
sions. With a self-developed video module, NTU COOL allows teachers to upload
videos and students to post comments or questions on specific parts of the video; in
addition, reading materials posted on NTU COOL can be highlighted and annotated
by the students, such that the students can collaboratively and interactively complete
the reading assignment online.

Finally, teachers can evaluate the learning performance by online quizzes or
analyze students’ learning behavior with data visualization tools on NTU COOL.
One of the greatest challenges teachers face when moving classes online is that they
would lose contact with their students and won’t be able to evaluate the learning
outcome.
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9.3.2 Contact Teaching: An Automated
Temperature-Measuring Device

During severe acute respiratory syndrome (SARS) in 2003 or new influenza in
2009 (HIN1), and the current COVID-19 pandemic period, infected patients usually
have elevated body temperature. Thus, body temperature is a preliminary screening
to determine whether or not they are infected. Throughout the pandemic period,
Taiwanese people need to receive body temperature screening when entering and
exiting any public places to prevent and control the scope of infections.

NTU also implemented body temperature screening when during the pandemic.
In 2009, technician Jen-Sen Liu from NTU’s Department of Electrical Engineering
needed to screen the body temperature of those who entered the department building.
He observed that most of the body temperature-measuring devices used in NTU
were forehead thermometers, ear thermometers, etc., all of which require a person
to administer. He felt an infection risk when measuring the frontal temperature of
teachers and students at close range. Additionally, measuring forehead temperature
is not efficient, often resulting in long queues. Therefore, technician Jen-Sen Liu
investigated much equipment on the market that can be used to screen body tempera-
tures, such as infrared image body temperature monitoring systems. But, this kind of
infrared system is expensive to produce and susceptible to environmental tempera-
ture. Body temperature detected by traditional forehead or ear thermometers is more
accurate, but usually requires close contact. Therefore, Liu thought about the need
of an automatic body temperature measurement device that is accurate and low cost.

Liu’s solution used an infrared detector combined with an existing forehead ther-
mometer. The device automatically screens a subject’s temperature when his or her
forehead is close to the temperature sensor. If the forehead temperature exceeds the
set37.5 °C, an alarm will alert the control personnel. The device is also equipped with
a battery charging system, which can be moved to a control point without a constant
power supply. The production cost of the basic device is only about NT$3,000, and
the cost of the battery charging system is an additional NT$6,000. This low-cost
and accurate device allows the subject to automatically and quickly measure body
temperature without contact. The device had been tested in NTU’s Department of
Electrical Engineering during the HIN1 Pandemic in Taiwan in 2009. This original
non-contact automatic temperature measurement device was later named “National
Taiwan University Pandemic Prevention No. 1” as shown in Fig. 9.6.

On average, each NTU Pandemic Prevention No. 1 can measure about 1,000
subjects per day as shown in Fig. 9.7.

NTU’s Electrical Engineering Department used NTU Pandemic Prevention No. 1
for pandemic prevention work, reducing on-duty workforce and risk of infection as
shown in Fig. 9.8. With the consent and support of Dean Yao-Wen Chang of NTU’s
College of Electrical Engineering and Computer Science and Chairman Chung-Chih
Wu of the Electrical Engineering Department, an article was published in Taiwan
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Fig. 9.6 The NTU Pandemic Prevention No. 1, an automated temperature-measuring device

on March 10, 2020 promoting this cost-effective system. Additionally, the design
drawing was published on the NTU’s Department of Electrical Engineering’s website,
and units were offered to those in need across the country. School alumni from the
class of 1975 generously donated the units when they heard the report of Pandemic
Prevention No. 1. They entrusted the College of Electrical Engineering and Computer
Science to produce the device and distributed them to elementary and middle schools,
public institutions, and other departments and units within the university that needed
pandemic prevention. A total of 82 groups received donated units.
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Fig. 9.7 The visitor does not need to touch any part of the forehead thermometer, as long as the
forehead is close to the temperature measurement sensor. Temperature value can be seen from the
L-shaped mirror

Fig. 9.8 The NTU Pandemic Prevention No. 1 was used in the epidemic prevention work at
Electrical Engineering Building II
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9.3.3 Contact Tracing System

National Taiwan University announced its pandemic traffic control for entering build-
ings and dorms (dubbed the National Taiwan University Spotlight 2020) when the
new semester started on 3/2/2020. Each building entrance would be staffed by a single
person 8:00 to 17:00 each day to monitor entrance control and body temperature
checks.

Each building’s access control uses an id card swiping device to log in personnel
visit records. However, this system caused long lines at the entrance of each building.
As a result, NTU’s Computer and Information Networking Center (hereinafter
referred to as CINC) was assigned by the university’s epidemic prevention team
to work with an undergraduate student team from the Department of Electrical Engi-
neering immediately to develop an upgraded “epidemic prevention control system,”
with digital footprint capabilities and real-time identity verification via the Internet.
After field inspections and continuous process flow improvement, CINC assisted
in upgrading and refurbishing the original NTU Pandemic Prevention No. 1 to
achieve automated body temperature measurement and name registration, and helped
integrate it into the epidemic management and control system.

This “epidemic prevention control system” can upload temperature and foot traffic
data taken at each control point on the campus to the CINC database. Concurrently, the
system can share temperature measurement data between the premises in real time.
Radio frequency identification (RFID) technology was also used to record footprint
information to help implement tracking control for the system and assist in subse-
quent epidemic investigations if needed. Additionally, in response to confirmed cases
from surrounding schools and close contacts with research institutions, the system
also activated a filtering mechanism to produce a “high-risk group” isolation list
(including: home quarantine, home isolation, and independent health management).

9.3.3.1 R&D Process

NTU’s epidemic prevention control system did not have detailed specifications and
sufficient development time compared to the university’s normal development proce-
dures. The entire R&D process was based on past experiences with Severe Acute
Respiratory Syndrome (SARS) in 2003.

The R&D process concluded the system required NFC and barcode readers as
input devices because the school’s faculty, staff, and student ID cards have built-in
Mifare chips, while alumni and students from other schools can only be identified by
barcodes. In order to be able to quickly deploy to various buildings, the system uses
a web-based architecture. So as long as there is a computer with Internet access, a
control point can be set up. Multiple computers can also be configured for distributed
processing at the same time to process large flows of people during peak hours. After a
visitor’s credentials are scanned by the entrance guard, the system, which is linked to
the NTU Computer Server, can query a person’s basic information to check whether
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he or she is on the high-risk isolation list and the visitor’s entry record for today.
A visitor’s basic information, temperature for the day, and high-risk alert are all
uploaded into the university database in real time. A person’s footprint history is
also stored, allowing for future tracking. Most importantly, a person’s temperature
record can be shared in the school, eliminating the need for repeated measurements
and reduces close contact risk.

The Pandemic Prevention No. 1 upgrade plan was initiated at the end of April 2020
to further integrate body temperature measurement and entrance control of buildings.
The original Pandemic Prevention No. 1 used infrared sensors to utilize the forehead
thermometer to measure body temperature. Body temperature data is reflected by two
mirrors for visual identification by a door guard. The original system also needed to
solve the issue of a visitor’s identification and transmission of temperature data. The
goal of the upgrade plan was to solve these issues by automating the recording and
transmission of body temperature and identification.

The temperature gun on the Pandemic Prevention No. 1 has a warning function
that will emit a warning sound when a visitor’s body temperature is too high. The
easiest way to judge whether the body temperature is too high is to intercept the IC
circuit electronics that drive the buzzer. When Professor Li Hong-Yi from NTU’s
Department of Electrical Engineering looked in the Department’s online community
for help, Chen Bai-Zhi, a senior in the Department, and 6 other students were invited
to form the “Epidemic Prevention Friends Association” (Chen et al. 2020). First,
they used a logic analyzer to find the transmission code of the body temperature
data. Then, they located the IC’s signal pin to bridge the body temperature data
and transmitted it through the Arduino development board. Second, they used NFC
Reader, Barcode Reader, and WIFI wireless network modules to connect to CINC’s
anti-epidemic control system’s WebAPI to upload the data. A person’s information
can be transmitted via Bluetooth from the registration database to the computer
running the access control system at the entrance. The group worked day and night
and the first upgraded version of the Pandemic Prevention No. 1 prototype came out
in just 2 weeks. It immediately entered mass production, with more than 100 units
being produced within a month.

9.3.3.2 System Introduction

There are many electronic administrative systems in NTU. Single-sign-on (SSO) and
various information services across the school are integrated into the same portal to
create “My NTU Portal.” This system reduces the problems of switching between
systems and repeated applications for accounts. The “epidemic control system” was
built utilizing the school administration system structure and is shown in Fig. 9.9.
Devices at all entrance control stations are connected through the school’s wireless
network environment. Information that is collected is transmitted to CINC through
the network to store. When a visitor registers again, system will show if that visitor



9 New Role of Universities: Experiences from Taiwan 155

R
@52 70.9-0

5) ™ @

Fuowall

Pandemic control point

fal

1

1

L}

1

L}

L}

]

]

' 2 @
1 -
1 I,
1

1

L}

v

(‘f”) r'y
.)) («
€ > [8 o == g 3 5 - - ot B
e % Swipe to
R\\Il‘ﬂ- 1o D'ls Server Wired/WiFi Ne:work‘ M enter
log in . Chient buildings

‘\
*l g
Clam =

Fig. 9.9 Pandemic prevention control system

has past records. The control station’s desktop layout is shown in Fig. 9.10. For
the improved “Pandemic Prevention No. 1,” Web API (Application Programming
Interface, API) for two-way communication is used. If the device is connected to the
computer via Bluetooth settings, relevant information will be sent to the computer
screen after the system responds. If a person’s body temperature is normal or if they
have entered the building that day, the screen shown on the left of Fig. 9.11 will
appear. When the system authenticates a person’s name, it will also query whether
that person has entered other buildings and if he or she is on high-risk group list.
If relevant records are found, a response will be displayed on the system’s screen
shown on the right of Fig. 9.11.

All NTU departments usually include 3rd party contractors, such as cleaning
personnel, due to operational needs. The system also provides each department to
upload their contractors’ information. Temporary cards issued to them can be created
with a RFID card number. Additionally, electronic ticket cards such as Taipei Metro’s
Easy Card or iPASS Card can be used for identification purposes also.
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9.3.3.3 Benefits and Contributions

The following discusses the purpose of establishing the epidemic prevention control
system and the benefits associated with the contact tracing system, control of high-
risk groups, and reduction of operational costs:

1. Real-name contact tracing and control

Taiwan’s implementation of its anti-pandemic strategy has achieved remarkable
results seen around the world. The government implemented real-name contact
tracing to ration face masks and other anti-pandemic materials. Additionally, the
same system helped execute access control measures for leisure and entertainment
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venues. These were the same measures used by NTU. As of June 2020, NTU’s popu-
lation reached more than 340,000 people, with detailed statistics shown below (see
Table 9.2). Implementing real-name contact tracing on campus can indirectly restrict
non-official or non-school personnel from entering teaching buildings, but reduce the
risk of teachers and students’ infection in the school. If a confirmed infection occurs,
the system can quickly trace those that came in contact with the confirmed patient and
the place. This allows potential patients to be isolated and under medical observation.

2. Managing and controlling high-risk group

According to the Ministry of Education’s standards for shutting down classes, if
two teachers or students are infected, the entire school will have to shut down, no
matter how large the school is. According to data analysis of a one-week period, as
collected by pandemic prevention and control system described earlier in this chapter
(as shown in Fig. 9.12), personnel entry and exit numbers peaked during the middle
of the semester. The number of people visiting NTU’s campus reached nearly 26,000
every day, and the number of ID card scans between buildings reached more than
80,000. The system helps avoid cluster spreads in the university.

3. Significantly reduce the university’s costs to fight the pandemic

NTU’s campus is located in Taipei City, but it is vast and scattered. The Main
Campus is located at Roosevelt Road Section 4, Shuiyuan Campus is on Siyuan

Table 9.2 NTU population breakdown

As of June 2020
Male Female Total
Students currently enrolled 19,876 14,131 34,007
Faculty and campus police 2,805 3,376 6,181
Alumni (cumulative) 183,662 117,274 300,936
Post-doc, technical and R&D staff 427 235 662
Each department full time staff X X 373
Total 342,159
Card swiping times in 7 days / single visit - -
swiping times single visit
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< /i
\ /
N, 7
P j i s - s
g K / ._ : s 3

Fe) (San (o) Man) L ea

Fig. 9.12 One-week usage statistics of NTU’s Epidemic Prevention Control System (Data source
NTU)
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Street, and Chengzhong Campus is located at NTU Hospital. A single entrance
control point requires at least 2-3 people to operate. Staff scheduling and costs, such
as overtime, had to be taken into consideration. But if the school wanted to change
these control protocols by installing door devices on buildings, it would have faced
increased procurement costs for access control devices. NTU’s solution was a control
system that leveraged the university’s existing assets, such as its wireless network
and school ID card, which allowed staff and students to shuffle between campuses
(as shown in Fig. 9.13). When the same staff or student traveled from campus to
campus, the system can share that person’s temperature data to reduce the number
of measurements, which also reduce staffing and hardware costs.

9.4 Benefits and Opportunities

For facing COVID-19 or such a new epidemic in future, NTU not only developed the
digital learning platform, NTU COOL, for non-contact teaching, but also created the
low-cost automated temperature-measuring device with a contact tracing system for
face-to-face learning. The main contributions of different adaptations for teaching
and learning could be described as follows.

Although the Spring 2020 semester was unstable and difficult, it was an unex-
pected turning point for both NTU COOL and NTU’s digital learning pushing due
to COVID-19. By the end of the semester, more than 2,000 courses, amounting to
30% of the semester’s official courses, were brought online. The number of courses
and users increased by about six fold compared to those of the previous semester.
Additionally, more than 60% of the instructors uploaded videos onto NTU COOL
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as their teaching material for online learning. According to a survey we conducted
after the semester, more than 85% of the instructors expressed that they are likely to
conduct hybrid learning in the following semester.

The goal of NTU COOL at the outset of development was to assist instructors
in achieving innovative and hybrid teaching and to improve a student’s learning
outcome. As we can see from Figs. 9.14 and 9.15, most of the courses and teaching
videos were designed and uploaded before early April 2020, i.e., within one month
after the beginning of the semester. This demonstrates instructors can start imple-
menting online teaching without much difficulty, by using the training courses about
online teaching on NTU COOL.

As the global pandemic continues to spread and countries further tighten restric-
tions and protective measures, Taiwan’s ability to continue its life as usual is
rather remarkable. Going forward, real-name contact tracing and other anti-epidemic
measures will be necessary for large event gatherings. NTU’s recent large gatherings
include the 2019 academic year graduation ceremony and the 2020 academic year
opening ceremony, which followed strict government protocols on contact tracing
and control, such as real-name registration and post-event analysis.

As many physical meetings and events are launched online and contact tracing
systems are adopted before face-to-face learning, the discussion content has also
shifted from focusing on “how to maintain the normal operation of the high education
system” to “imagining, adapting, and preparing for a new era after the epidemic.”
The epidemic also inspired scholars in different fields to make full use of methods at
different levels of technology to implement innovative and national-specific solutions
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Fig. 9.14 Number of users over time on NTU COOL in spring semester of 2020
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Fig. 9.15 Number of courses over time on NTU COOL in spring semester of 2020

to achieve the goal of universal education without interruption. This has also become
a new benchmark for thinking about the value and mode of physical education in
future.

9.5 Discussion and Conclusion

9.5.1 Discussion

The main strategies adopted by the Taiwanese government to combat a highly conta-
gious epidemic and protect people before they are fully vaccinated are “maintaining
adequate social distance” and “wearing a mask.” “Wearing a mask” is a personal
behavior, which can be achieved through punishment. “Maintaining adequate social
distance” is what all colleges and universities can achieve through technology
and governance. Therefore, this section is divided into two aspects: technological
intervention and governance intervention.

9.5.1.1 Technological Interventions

National Taiwan University is one of the best higher education institutions in Taiwan.
Therefore, in the severe epidemic situation, the role of National Taiwan Univer-
sity should not only perform traditional education and academic research functions,
but also effectively prevent severe and special infectious pneumonia in terms of
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the university’s social responsibility. As school activities start again, the University
must maintain the safety of a large number of faculty, staff, and students in school
activities to ensure the normal operation of school functions. Traditional thinking will
inevitably fail to respond to this new era, and the past economic model may not be able
to deliver the usual growth. As an institution that has led generational transformation
and thinking, universities should now lead various stakeholders to jointly think about
this directional change. At the same time, they should actively link the needs and
resources between cities and industries, and effectively operate cross-regional and
business partner platforms. Based on the principle of prosperity and mutual benefit,
we should plan and build a new paradigm for the next generation. Therefore, utilizing
cross-unit cooperation, National Taiwan University combines the hardware research
and development capabilities of the Department of Electrical Engineering and its
Computer Center’s information and communication system development capabili-
ties to launch a low-cost, non-contact, real-name tracing, body temperature sensing
system in a very short time. This entire system was developed to take into account
personal data privacy, but also effectively grasp the footprint of the campus’ traffic.
In addition, as demand for non-contact teaching is increasing, NTU COOL, launched
in 2018, will not only adjust online teaching functions to meet the teachers’ needs,
but also help most teachers who do not have remote teaching experience to quickly
master the essentials of distance teaching. But most importantly, NTU COOL assists
teachers to successfully complete the course teaching under a campus’ closed state.

9.5.1.2 Governance Interventions

At the governance level, the success of Taiwan’s epidemic prevention work in 2020
is mainly based on three policies: (1) wearing masks and maintaining sufficient
social distance; (2) border epidemic prevention; (3) accurate epidemic investigation.
The purpose of policy (1) is to reduce the risk of infection among the people; the
purpose of policy (2) is to stop the virus from outside the country; and the purpose
of policy (3) is to quickly identify the chain of infection and isolate it in time if a
confirmed incident occurs. For colleges and universities, in addition to introducing
remote teaching through 5.1.1 technology to reduce the risk of students’ infection, the
non-contact, real-name, body temperature sensing system is to improve the accuracy
of policy (3) epidemic investigation. In addition, on May 11, 2021, in response
to the announcement by the Central Epidemic Command Center that the epidemic
alert standard will enter the second stage of epidemic prevention for 4 weeks from
now to June 8, National Taiwan University immediately suspended gatherings of
more than 100 people indoors and 500 people outdoors. Courses with more than
100 students must be changed to online teaching. However, the number of infection
cases across the country continues to increase, and the epidemic is approaching the
third stage of the alert standard. Therefore, it was urgently announced on May 14
that campus access control was implemented, all courses were changed to remote
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teaching, and each department can adjust working methods according to the nature
of the business content (including home office, remote office, or batch office) to
ensure that the faculty, staff, and students maintain normal operations of the school’s
various functions in a way that minimizes the flow of people.

9.5.2 Conclusion

Taiwan has developed its current anti-epidemic system based on its previous anti-
epidemic experience. Because Taiwan currently does not have a vaccine for COVID-
19, and the incubation period between infection of the pathogen and the appearance
of symptoms is an average of 5-6 days, so the border epidemic prevention strategy is
given priority to prevent the virus from entering the community. In terms of colleges
and universities, the main strategy is to require everyone wear masks and maintain
sufficient social distance to reduce the risk of contracting the virus. At the same time,
the real-name system is adopted to improve the accuracy of the epidemic inves-
tigation. Accordingly, through cross-domain integration, National Taiwan Univer-
sity not only strengthens NTU COOL’s remote teaching services, but also develops
an automated temperature-measuring device with a contact tracing system to help
the Epidemic Prevention Command Center quickly grasp the chain of infection.
However, because the government placed too much emphasis on border control but
neglected to prevent domestic epidemics, community infection broke out in May
2021. National Taiwan University immediately adopted to comprehensive remote
teaching, and University premises must continue to be staffed for taking temper-
ature at the entrances and real-name tracing system should also be implemented.
All departments and administrative offices should pre-plan how to work from home,
work in different locations, or rotate staff in smaller groups. Finally, through the
sharing of Taiwan’s experience, we hope that Institutions can refer to it and further
enhance campus safety and resilience.
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