Health Informatics Journal
Original Research Article

Health Informatics Journal
1-15

Contents and sentiment analysis of  © e Ao 202

Article reuse guidelines:

newspaper articles and comments  Zeconmiesee
. H ° journals.sagepub.com/homeljhi
on telemedicine in Korea: Before SSAGE

and after of COVID-19 outbreak

EunKyo Kang

National Cancer Control Institute, National Cancer Center, Goyang-si, Korea;

Department of Family Medicine, National Cancer Center, Goyang-si, Korea

Narae Song

Ministry of Environment, Government of South Korea, Sejong, Korea

HyoRim Ju

Department of Family Medicine, Seoul National University Hospital, Korea

Abstract

Telemedicine is rapidly growing to meet the increased needs for high-quality health care during the
COVID-19 pandemic. However, telemedicine is still a sensitive issue as it is related to medical
privatization. The use of telemedicine after the COVID-19 outbreak might be influenced by public
opinion, and this may be an important key in implementing telemedicine. In this study, we aimed to
assess if telemedicine-related newspaper articles and comments changed positively during the
COVID-19 pandemic. From January 1, 2019, to March [, 2020 (before COVID-19), a total of 1073
telemedicine-related articles were found in the Korean news network. Although the post-COVID-
19 article collection period (from March 2, 2020, to September 30, 2020) was about half that of the
pre-COVID-19, about twice the number (1934) of telemedicine-related articles were collected.
And telemedicine-related news articles had a more positive tone post-COVID-19 than pre-
COVID-19 (52.9% after vs 40.4% before). In conclusion, this study presented the association
between the COVID-19 outbreak and changes in the media’s perception of telemedicine in Korea.
This study presented that, as telemedicine begins to be utilized due to COVID-19, news media and
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readers who embrace it are beginning to view telemedicine positively, suggesting that COVID-19
has a positive foundation for the spread of telemedicine.

Keywords
Text mining, social media, telehealth, Information technology healthcare evaluation, healthcare
service innovation and Information technology, telecare

Introduction

Telemedicine is quickly evolving as a cost-effective and efficient service to meet the increased needs
for high-quality health care, particularly during the current COVID-19 pandemic. Distinct from the
broader concept of telehealth, which describes “the delivery of health care, health education, and
health information services via remote technologies,”' telemedicine specifically addresses “the
diagnosis, treatment, and monitoring of patients (including history taking and appropriate physical
examination) through live, synchronous video conferencing technology”.?

Although telemedicine was gaining interest worldwide before the COVID-19 outbreak and
technological advances in the last decades greatly improved the access and quality of video
communication, telemedicine was not widely implemented, especially in Korea, due to strict
regulatory laws and a lack of support payment structures. However, since the COVID-19 outbreak,
and to address concerns about the transmission of infectious diseases, health care providers have
been forced to increase the use of telemedicine services, in addition to typical traditional face-to-face
patient encounters. During the current COVID-19 pandemic, telemedicine enabled improved access
to affordable care for patients while maintaining safe physical distancing between medical providers
and patients to prevent possible transmission of infection.

Even before the COVID-19 outbreak, Korea was using telemedicine services at a lower rate under
much stricter rules compared to other countries, such as the U.S. and the European Union (EU).** In
the U.S., telemedicine insurance claims rose by 53% from 2016 to 2017.> In 2016, more than 80% of
EU citizens aged 16-74 years had access to the Internet via multiple devices; thus, allowing tele-
medicine to be accessed.” However, the number of cases using telemedicine was very small before
COVID-19, but the use of telemedicine has increased significantly during the COVID-19 pandemic to
protect both patients and doctors and prevent the spread of the epidemic.* For instance, in France, the
number of teleconsultations reached close to one million per week in April 2020 compared to about
10,000 per week before March.** In Norway, the rate of teleconsultation with a general practitioner
increased from 5% before the pandemic to nearly 60% during the pandemic.** Meanwhile, in Korea,
the Medical Law dictates that telemedicine can only be provided for disabled patients, manage chronic
disease, and improve medical care in remote areas. However, to use these services, patients are first
required to see a doctor in person, and only then can telemedicine be used with regular visits to monitor
patient progress. The situation is similar in Japan, where telemedicine is only used as an additional
service to traditional outpatients’ clinics and home visits for patients with chronic or untreatable
diseases. Japanese telemedicine is divided into two classes: 1) between hospitals (doctor-to-doctor) and
2) between hospital and patient (doctor-to-patient). As of 2013, 12.5% of hospitals in Japan applied
telemedicine for teleradiology diagnoses, 6.1% for telepathology, and only 1.3% for home patients.> °

Government and state regulations need to adapt quickly to the growing demand for telemedicine.
In the U.S., the Food and Drug Administration (FDA) decided to temporarily relieve restrictions on
remote monitoring devices and telemedicine during the COVID-19 pandemic. This included
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permitting medical practices to use Skype and FaceTime on the iPhone. In Korea, telemedicine was
allowed for temporary consultations and prescriptions without a patient’s visit from February 24,
2020. However, pursuing law amendments to implement telemedicine is difficult because of the
opposing economic and safety claims about telemedicine by the government, the medical community,
and civic groups. In particular in Korea, telemedicine is recognized as a process of medical privat-
ization. Before COVID-19, some concerns about allowing telemedicine will lead to the invigoration of
the medical industry.'® To allow telemedicine, the legalization of remote monitoring devices should be
the basis, which could be the beginning for for-profit corporations to participate in the medical in-
dustry.'® In this regard, there was a negative public opinion on the permissibility of telemedicine in
Korea. Also, along with safety issues such as the possibility of misdiagnosis for telemedicine,'" it was
argued that this was a paving stone for the commercialization of university hospitals. In the case of
Korea, there were no hurdles for admission to tertiary medical institutions, so there were concerns that it
could fatal the medical delivery system by accelerating the concentration of patients at tertiary medical
institutions. However, the use of telemedicine during the COVID-19 outbreak may have influenced
such public opinion, and this may be an important key in implementing telemedicine.

It would be very important to analyze media topics and sentiments in consideration of the impact
that the media could have on public opinion.'* '* The news framing effect is a major component in the
framing effect theory, one of the most leading theories in media and communication science.'* Based
on both psychology and sociology, the framing effect theory explains the ability of news media to affect
people’s attitudes and behaviors through making slight changes.'>'® In other words, the framework of
perception provided is called a “frame,” and the tone of the voice or topic of the media influences the
decision-making of the audience of this content. Considering these media-framing effects, media topics
and sentiment analysis for telemedicine are expected to be important factors for public acceptance.

The purpose of this study is to determine how the topic or sentiment of articles about telemedicine
in the media has changed before and after COVID-19 in consideration of the fact that telemedicine has
been used widely after COVID-19. Comparing pre and post will have important implications for the
spread of telemedicine in the future because the media affects the public’s acceptance of telemedicine.
The study examined the association between the COVID-19 outbreak and changes in media and
public opinion about telemedicine. Specifically, we investigated the media coverage, comment
content, and sentiment analysis of telemedicine from January 1, 2019 (before the first confirmed case
of COVID-19 on January 19, 2020) until post-activation of telemedicine following the outbreak
(September 30, 2020). We focused on before and after the COVID-19 outbreak.

Material and methods

Sample and data collection

To investigate the portrayal of telemedicine before and after the COVID-19 outbreak, three different
types of media were analyzed for the period from January 1, 2019, to September 30, 2020:
newspapers, business magazines, and television articles. Thirteen general newspapers and five
business magazines were analyzed in order of high circulation, except for regional newspapers and
sports magazines whose readers are likely to be limited to specific population groups. These
newspapers and magazines were coded Chosun Ilbo, Dong-A Ilbo, Joongang Ilbo, Hankyoreh,
Kyonghyang Sinmun, Munhwa Ilbo, Hankook Ilbo, Kukmin Ilbo, Seoul Shinmun, Maeil Shinmun,
Kookje Daily News, Segye Ilbo, Naeil Shinmun, Maeil Business Newspaper, The Korea Economic
Duaily, Money Today, Seoul Daily, and Korea Herald Business. The television articles originated
from three broadcasters (MBC, KBS, and SBS) ranked at the top of the list in the first half of 2018.
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A total of eight search formulae were used to collect online news articles in a test search to identify
telemedicine-related articles. Four formulae were combinations of words; (1) “tele” AND “medicine,” (2)
“tele” AND “health,” (3) “non-face-to-face” AND “medicine,” (4) “non-face-to-face” AND “health,” and
four were words only; (5) “telemedicine,” (6) “telehealth,” (7) “non-face-to-face medicine,” and (8) “non-
face-to-face health.” For analysis, 10% of the articles from the test search were randomly sampled to check
the contents. When a search formula was composed of a combination of words, several articles that did not
correspond to the contents of actual telemedicine were searched, or some articles with the contents of other
remote services were searched, and so a search formula composed of a combination of words was judged
as not suitable for analysis. Therefore, “telemedicine,” “telehealth,” “non-face-to-face medicine,” and
“non-face-to-face health” were used to collect telemedicine-related news articles. Article titles and full text
were extracted, as well as unrelated text, such as the reporter’s name or newspaper company name, for
hyperlinking to other articles or advertisements.

It was demanding to manually investigate the plethora of text and comments of news articles, so
natural language processing (NLP) procedures, including (1) tokenization, (2) stop words, and (3)
stemming, were used in this study with the assistance of the Korean natural language processing in
the Python (KoNLPy) package,'”'® Korean natural language processing procedures were per-
formed in a form that allows morphological analysis.

Pre and post of COVID-19

Since March 2, 2020, the Ministry of Health and Welfare in Korea has allowed telemedicine for a
“limited time”."® We investigated the media coverage, comment content, and sentiment analysis of
telemedicine from January 1, 2019 (before the first confirmed case of COVID-19 on 19 January
2020) until post-activation of telemedicine following the outbreak (September 30, 2020). We have
defined “before COVID-19” as the period from January 1, 2019, to March 1, 2020. We focused on
before and after the COVID-19 outbreak.

Latent Dirichlet allocation (LDA) analysis, topic extraction, and topic trend analysis

Topic modeling is a statistical model in which unstructured data (e.g., text data) are structured
according to latent themes to manage multimodal data. Of these, Latent Dirichlet allocation (LDA)
is a topic modeling technique that maps a document to a list of topics by allocating each word in the
document to a separate topic, supposing that the document consists of words that help determine a
topic.” LDA ignores the order of word’s occurrence and the syntactic information and handles the
document as a group of words or a set of words. LDA presumes that each document is produced
through a statistical generative procedure. That means, each document is a mixture of topics, and
each topic is a mixture of words. In the procedure of generating this document, it is assumed that you
first pick a topic from a document-topic distribution, and later choose a word from a polynomial
topic-word distribution from the selected topic.’>*' LDA begins with randomly allocating topics to
each word and iteratively enhances the allocation of topics to words throughout Gibbs sampling.

Latent Dirichlet allocation has got three hyperparameters. The “a” hyperparameter regulates the
expected number of topics in the document. A low value of “a” means that a fewer number of topics
in the mix is expected and a higher value implies that one would be expecting the documents to have
a higher number of topics in the mix. The “B” hyperparameter regulates the dissemination of words
by topic. A low value of “B” indicates that the topic contains fewer words, and a higher value
suggests the topic to include more words. The “K’” hyperparameter indicates the expected number of
topics in the set of documents.?” The selection of K values is usually based on domain knowledge or
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training different LDA models with different numbers of values of K and calculating a “Coherence
Score”. Coherence score is a measure of how good a topic model is in producing coherent topics.>
Based on the calculated coherence score, the K value with the highest coherence score is selected.

In this study, we defined each news article as a single document. The number of topics can be
selected based on the ease of interpretation or the coherence score in topic modeling. We aligned the
training hyperparameters such as the number of repetitions and the number of optimized intervals to
1000 and 100, separately. We conducted the model altering the number of topics and measuring the
coherence score. The coherence score varied around the highest levels of 0.32—-0.35 fluctuating at 10
topics and after 22 topics. We chose 10 topics because of the easiness of interpretation.

Sentiment analysis

Sentiment analysis techniques built for English pose practical challenges for Korean because Korean is
an agglutinative language®**> where part-of-speech is often not distinguished by the unit of space, and
parts of speech may be different even within a bunch of words. In addition, Korean is a language with a
drastic change in vocabulary.®® Therefore, in this paper, we have proposed thematic analysis, which is a
method for categorizing articles by sentiment. Two authors (K.E. and S.N.) independently reviewed 20%
of the news articles, randomly extracted from the entire pool of news articles. The coders were asked to
rate the sentiments of the contents of newspapers about telemedicine on a 3-point scale: (—1) negative;
(0) neutral and (+1) positive. If it was judged that the article had a mixed attitude, the ratio of positive
sentences and negative sentences was compared, and the one with a higher ratio was coded as the
attitude. The most well-known coefficients for assessing the reliability of agreement are Cohen’s
kappa,”’ weighted kappa,”® Fleiss® kappa,® Krippendorff’s alpha,*® and Intra-class correlation coef-
ficient (ICC).>! Of these, Cohen’s kappa assesses the coefficient of agreement between a pair of raters
deliberately selected on a nominal scale.”” We measured Cohen’s kappa coefficients to measure the
reliability of agreement in this study. This sentiment analysis was found to have satisfactory inter-coder
reliability; the inter-rater correlation for articles was very high (>95%). Both authors continued to code
an additional 20% of the news articles, and a second inter-rater correlation was calculated. It was also
confirmed as >95%. K.E. reviewed the sentiment for the remaining 60% of the news articles.

Result

Topic classification, keywords, and percentage allocation before and after COVID-19

From January 1, 2019, to March 1, 2020, a total of 1073 telemedicine-related articles were found.
Table 1 presents the topic classification, keywords, and percentage allocation before COVID-19.
The most popular topic was “the governments regulation and policy of telemedicine,” roughly
accounting for 32.7% of all news articles. The next most-covered topics covered in telemedicine-
related articles were “the use of telemedicine in health services” (19.6%) and ‘the medical workers *
associations opposition to telemedicine” (15.4%).

Although the post-COVID-19 article collection period (from March 2, 2020, to September 30,
2020) was about half that of the pre-COVID-19, about twice the number (1934) of telemedicine-
related articles were collected. This result is perhaps a reflection of the accelerated interest in
telemedicine generated by the COVID-19 outbreak. Table 2 shows the topic classification, key-
words, and percentage allocation after COVID-19. “The use of telemedicine in medical services”
during the COVID-19 pandemic has been the most popular topic after COVID-19 (35.5%). The
second most frequent topic was “the medical workers’ associations opposition” (15.6%), which
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Table I. Topic classification, keywords, and percentage allocation of news articles before COVID-19
(N = 1073).

N %  Topic Top 10 keyword
Topic 351 32.7 The government’s regulation and policy Regulation, Government, Service, Industry,
| of telemedicine Enterprise, Korea, Medicine, Innovation,
President, Telemedicine, Field, Policy, and 5G
Topic 210 19.6 The use of telemedicine in health Medicine, Patient, Service, Tele, Medical service,
2 services Hospital, Industry, Telemedicine, 5G, Market,
Business, Al, and Utilization
Topic 165 154 The medical workers’ associations Medicine, Patient, Telemedicine, Hospital,
3 opposition Doctor, Government, Medical service,

Regulation, Deregulation, Service,
Prescription, Telephone call, and Potential
Topic 70 6.5 The growth of telemedicine industry ~ Medicine, Al, Industry, Bio, Government,
4 Market, Enterprise, Service, Innovation, Field,
Business, Tele, and Data
Topic 67 6.2 The trend of international market of  China, Medicine, Regulation, International, USA,

5 telemedicine Industry, Japan, 5G, Government, Enterprise,
Service, Market, and Al
Topic 56 5.2 Deregulation associated with Regulation, Special zone, Business,
6 telemedicine such as pilot projects or ~ Government, Telemedicine, Innovation,
regional deregulation Service, Designation, Industry, Region,
Propulsion, Enterprise, and Economy
Topic 51 4.8 Social controversy related to Regulation, Government, Medicine, Society,
7 telemedicine Policy, Investigation, Field, Thought, Doctor,
Regime, Enlargement, Tele, and Situation
Topic 38 3.5 Demand for the necessity of Demand, Nation, Congress, Regulation,
8 telemedicine Measure, Government, Enterprise, Clinic,

Industry, Telemedicine, Service, Economy,
and Discussion
Topic 37 3.5 Investment in telemedicine Government, Enterprise, Regulation, Industry,
9 Job, Manufacturing, Innovation, Investment,
Economy, Strategy, Business, Market, and
Telemedicine
Topic 28 2.6 Overseas telemedicine regulations and Regulation, Economy, Enterprise, Korea,

10 policies Investment, Government, Industry, Growth,
China, Policy, USA, Telemedicine, and
Sharing

was the third most common topic in news articles before COVID-19 but showed a similar pro-
portion. Next in the sequence was the topic “the Korean government’s support and regulation,
policy, and political position on telemedicine,” which accounted for 13.0% of all news articles,
followed closely by “growth of the telemedicine industry,” at 12.1%.

Sentiment analysis of news articles before COVID-19 by topic

Before the COVID-19 pandemic, news articles on telemedicine were generally written in a negative
tone rather than a positive one (Table 3). By topic, “the government’s regulation and policy of
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Table 2. Topic classification, keywords, and percentage allocation of news articles after COVID-19
(N = 1934).

N %  Topic Top 10 keyword
Topic 687 35.5 The use of telemedicine in medical Medicine, Tele, Medical service, Telemedicine,
| services in the pandemic of COVID- Patient, COVID-19, Government, Hospital,
19 Doctor, Service, Deregulation, Telehealth,
and Propulsion
Topic 301 15.6 The medical workers’ associations Government, Medicine, COVID-19, Doctor,
2 opposition Telemedicine, Medical workers’

associations, Medical service, Opposition,
Policy, Patient, Hospital, Situation, and Safety
Topic 251 13.0 The Korean government’s support and Telemedicine, Government, Medicine,
3 regulation, policy, and political Industry, Regulation, Support, Service,
position for telemedicine Congress, Economy, COVID-19, New Deal,
Investment, and Propulsion
Topic 233 12.1 The growth of telemedicine industry Medicine, Service, Tele, Digital, Industry,

4 Enterprise, Market, Device, Data,
Telemedicine, Health, Utilization, and
Information
Topic 188 9.7 Investment in telemedicine Government, Enterprise, Economy, New Deal,
5 Industry, Investment, Digital, Job, COVID-

19, Market, Telemedicine, Business, and Field

Topic 102 5.3 Overseas telemedicine regulations and COVID-19, China, USA, Medicine, Tele, Japan,
6 policies Government, International, Regulation,

Medical service, Situation, Service, and Crisis

Topic 59 3.1 Using a remote connection solution like Telemedicine, Assessment, Patient, COVID-19,

7 telemedicine Service, EKG, Blood pressure, Device,
Health, Data, Hospital, Potential, and
Utilization
Topic 46 2.4 The necessity of telemedicine COVID-19, Telemedicine, Untact, Spread,
8 Response, Support, Crisis, Situation,
Increase, Demand, Medicine, Field, and
Service
Topic 44 2.3 Social controversy related to Telemedicine, Government, Tele, COVID-19,
9 telemedicine Medical service, Nation, Discussion, Review,

Opposition, Representation, Repulsion,
Deregulation, and Crisis

Topic 23 1.2 Deregulation associated with Tele, Telemedicine, Patient, Deregulation,
10 telemedicine such as pilot projects or ~ Hospital, Propulsion, Review, Regulation,
regional deregulation Discussion, Telephone call, Limitation,

Region, and Pilot projects

telemedicine” (44.2% positive vs. 45.3% negative vs. 10.5% neutral), which accounted for the
largest proportion, and “the use of telemedicine in health services” (42.9% positive vs. 46.7%
negative vs. 10.5% neutral), which was the second-largest subject, presented similar proportions of
positive and negative articles. By contrast, about twice the articles covering “the medical workers’
associations’ opposition” were written in a negative tone than a positive tone (28.5% positive vs.
65.5% negative vs. 6.0% neutral).
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Table 3. Sentiment analysis of news articles before COVID-19 by topic.

News articles before COVID-19 by topic Sentiment analysis, N (%)
Topic N (%) Positive Negative  Neutral
Topic | The government’s regulation and policy of 351 (32.7) 155 (44.2) 159 (45.3) 37 (10.5)
telemedicine

Topic 2 The use of telemedicine in health services 210 (19.6) 90 (42.9) 98 (46.7) 22 (10.5)
Topic 3 The medical workers’ associations opposition 165 (15.4) 47 (28.5) 108 (65.5) 10 (6.0)
Topic 4 The growth of telemedicine industry 70 (6.5) 22 31.4) 37 (529) 11 (15.7)
Topic 5 The trend of international market of 67 (6.2) 27 (39.1) 30 (435) 12 (17.4)

telemedicine

Topic 6 Deregulation associated with telemedicine such 56 (5.2) 41 (73.2) 11 (19.6) 4 (7.1)
as pilot projects or regional deregulation

Topic 7 Social controversy related to telemedicine 51 (4.8) 5(9.8) 41 (804 5(9.8)
Topic 8 Demand for the necessity of telemedicine 38 (3.5) Il (29.0) 21 (55.3) 6 (15.8)
Topic 9 Investment in telemedicine 37 (3.5) 18 (48.7) 10 (27.0) 9 (24.3)

Topic  Overseas telemedicine regulations and policies 28 (2.6) 18 (64.3) 8(286) 2(7.1)
10

All news articles 1073 (100.0) 434 (40.3) 523 (48.7) 118 (11.0)

The topics “growth of the telemedicine industry” and “the trend of the international market of
telemedicine” presented a higher proportion of articles with a relatively negative tone. Only topics
related to “deregulation associated with telemedicine, such as pilot projects or regional dereg-
ulation,” “investment in telemedicine,” and “overseas telemedicine regulations and policies”
tended to have a higher proportion of articles with a positive tone than a negative one.

Sentiment analysis of news articles after COVID-19 by topic

Table 4 shows that the telemedicine-related news articles had a more positive tone post-COVID-19
than pre-COVID-19 (52.9% after vs 40.4% before). This was particularly apparent for articles on
“the use of telemedicine in medical services in the pandemic of COVID-19,” the topic most
frequently dealt with in telemedicine post-COVID-19 (54.3% positive vs. 40.7% negative vs 5.0%
neutral). However, the pattern was opposite for news articles related to the second most discussed
topic, “the medical workers’ associations opposition” (14.0% positive vs. 86.0% negative vs 0.0%
neutral). Except for this topic, all other topics received a higher proportion of articles written in a
positive tone than a negative tone.

Discussion

The analysis of news articles conducted in this study could be used to explain changes in the
perception of telemedicine in the media before and after COVID-19. Telemedicine-related articles
before COVID-19 mostly covered “the govermment’s regulation and policy of telemedicine.”
Reasons for this include the disparities in telemedicine policy and regulation between Korea and
other countries.*>** Next ranked by topic was “the use of telemedicine in health services” (19.6%),
followed by “the medical workers’ associations’ opposition” (15.4%). This large amount of content
released on these topics is thought to be related to the low telemedicine use rate in Korea. As
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Table 4. Sentiment analysis of news articles after COVID-19 by topic.

News articles after COVID-19 by topic Sentiment analysis, N (%)

Topic N (%) Positive Negative  Neutral

Topic | The use of telemedicine in medical services in 687 (35.5) 373 (54.3) 280 (40.7) 34 (5.0)
the pandemic of COVID-19

Topic2 The medical workers’ associations opposition 301 (15.6) 42 (14.0) 259 (86.0) 0 (0.0

Topic 3 The Korean government’s support and 251 (13.0) 152 (60.6) 67 (26.7) 32 (12.8)
regulation, policy, and political position for
telemedicine

Topic4 The growth of telemedicine industry 233 (12.1) 179 (76.8) 37 (15.9) 17 (7.3)
Topic5 Investment in telemedicine 188 (9.7) I15 (61.1) 52 (27.7) 21 (11.2)
Topic 6 Overseas telemedicine regulations and policies 102 (5.3) 48 (47.1) 38 (37.3) 16 (15.7)
Topic 7 Using a remote connection solution like 59 3.1) 41 (69.5) 16 (27.1) 2 (34)
telemedicine
Topic 8 The necessity of telemedicine 46 (2.4) 32 (69.6) 12 (26.0) 2 (44)
Topic 9 Social controversy related to telemedicine 44 (2.3) 25 (56.8) 13 (29.6) 6 (13.6)
Topic  Deregulation associated with telemedicine such 23 (1.2) 15(65.2) 4 (174) 4 (174
10 as pilot projects or regional deregulation
All news articles 1934 (100.0) 1022 (52.9) 778 (40.2) 134 (6.9)

mentioned above, previous to the COVID-19 pandemic, Korea utilized telemedicine services at a
much lower rate than other countries, including the EU and Japan.®** The keywords for “the use of
telemedicine in health services” included “utilization” and “acceptance.” Many news articles on this
topic focused on the necessity to use telemedicine, again reflecting the low telemedicine use rate in
Korea. Interestingly, a previous examination of a social platform focused on health information
technology and informatics reported that the social media users not only perceived significant
opportunities associated with telemedicine but also obstacles to overcome to achieve these op-
portunities.®> Even though the study was conducted before COVID-19, there was great interest in
the potential of the new technology, telemedicine, and concerns about quality and cost stand out,
which is different from the results of this study. These results might be since the study investigated
the perception of social media users, and the focus on telemedicine differs depending on the
information platform. There has been a dramatic change in the leading subject of telemedicine-
related articles after COVID-19, as exemplified by the fact that “the use of telemedicine in medical
services in the pandemic of COVID-19” became the most popular topic. Early on during the
COVID-19 pandemic, telemedicine was used to evaluate respiratory symptoms that could be initial
symptoms of COVID-19 infection.*®*” Later, telemedicine was used as a means of providing
medical care to non-COVID-19-infected people.*® Specifically, the use of telemedicine to manage
the condition of chronically ill patients has increased in earnest.”®*' This increased utilization of
telemedicine had encouraged discussion around the integration of telemedicine into the education of
healthcare providers,**** reforming clinical care models,”*™* and barriers*****° and concerns
about the safety of telemedicine.*****"** About a third of all news articles were associated with the
use of telemedicine after COVID-19. Audiences who read news articles might obtain information on
how telemedicine is being utilized in the field, as well as the advantages and disadvantages, and
necessities of telemedicine. Therefore, a frame that includes the contents and tone of a news article
could be very important.’®? In this study, keywords, such as “policy” and “safety,” were included
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in the topic “the medical workers’ associations’ opposition,” and “support,” “service,” and “in-
vestment” were among the keywords for the topic “before COVID-19s news articles.” The rel-
evance of these keywords to these topics is demonstrated in the discussion about telemedicine
mentioned above.***

Before COVID-19, studies that conducted sentiment analysis on telemedicine were limited.
Although we did not include Twitter data in our analysis, a previous study about sentiment analysis
on tweets that mentioned the key term #Digital Health described most posts as having a positive
tone.”” By contrast, many studies on telemedicine awareness before COVID-19 were concerned
about the safety of telemedicine or barriers to patient adoption and use of telemedicine.”*>® The
current study showed a high proportion of articles with a relatively negative tone before COVID-19
but a higher ratio of articles with a positive tone after COVID-19 than before COVID-19. It suggests
that the media’s perception had changed concerning the active utilization of telemedicine due to the
COVID-19 pandemic, resulting in a more positive attitude. As the results of this study, the per-
ception of telemedicine that has changed before and after COVID-19 could affect the acceptance of
telemedicine. According to a study conducted in 2019, perceived usefulness, social influences, and
attitude toward telemedicine could influence the acceptance of telemedicine.”” It has been reported
that the relationship between this perception and acceptance appears not only in medical pro-
fessionals but in the general population; previous studies reported that medical staff and the public
who have an insight into the net function of telemedicine or have a positive attitude are much more
likely to accept telemedicine.”®>” As telemedicine was implemented in earnest due to COVID-19,
stakeholders’ concerns began to grow.’*®* Despite the many articles related to “the medical
workers’ associations’ opposition” that employed a negative tone, the proportion of articles
displaying a positive tone has increased significantly after COVID-19. These positive changes in
news articles could affect the reader’s perception.®® In other words, it could influence the public
reading the article to have a positive perception of telemedicine. Also, a positive change in the tone
of a news article could affect public preference for telemedicine.®* Considering these points, it is
possible to respect the possibility that public perception has changed based on the positive change in
the tone of news articles as a result of this study.

Post-COVID-19, telemedicine began to be used more actively in the management of various
diseases, yet many clinical, legal, and social barriers to implementing telemedicine remain. In
particular, the clinical barrier to the uptake of telemedicine is not irrelevant to the social perception
associated with its use. In the context of developing a patient—doctor relationship, which is a
representative clinical barrier to implementing telemedicine, it may be much more difficult to form a
rapport than face-to-face treatment. In other words, it may be difficult to obtain patient trust in the
patient—doctor relationship formed in telemedicine.®>®° This lack of rapport has the potential to lead
to a limited provision of information and inappropriate treatment. That is, to overcome the lim-
itations of telemedicine, first, the reliability of telemedicine itself must be increased. If social trust in
telemedicine itself is not established, improving the trust between doctors and patients could be a
more difficult goal. The fact that telemedicine was used in earnest along with the COVID-19
outbreak could be an important turning point in the change in telemedicine’s reliability as it has
the potential to change the perception of telemedicine itself. As seen from the results of our study,
the perception of telemedicine changed positively after the COVID-19 outbreak, suggesting the
possibility that it had a positive effect on the change in the reliability of telemedicine.

Although this research was conducted according to the recommended methodology, it has some
limitations. First, as mentioned above, Korean is an agglutinative language, and although an aspect-
level sentiment analysis might be possible, a highly reliable Korean sentiment dictionary has not yet
been established.®” Therefore, we performed the traditional sentiment analysis method: manual
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coding. Although manual coding has limitations in that it does not always achieve a high level of
reliability and is time-consuming,®® the inter-rater reliability in our study showed a very high kappa
coefficient of 0.95 or more.® Since we manually analyzed sentiment, to derive meaningful results
based on limited time and resources, this study was conducted by confining the sample to news from
a few representative media. Considering that the function of the current English-based NLP model is
advancing,’®’" if the Korean sentiment analysis dictionary is further developed, it is thought that
sentiment analysis targeting a larger sample size will be possible in the future. Second, we only
searched online news databases and did not actively search paper news articles. As a result, our
search might not have been comprehensive. However, we thought that only analyzing online news
articles would be an optimized approach given the time sensitivity and large volume of news
publications. It must also be considered that many months have passed from the time of our search to
the writing of the manuscript, during which articles on telemedicine were continuously published.
Accordingly, further research might be needed to re-evaluate the perception of the media.

Conclusions

This study highlights the growing media’s interest in telemedicine after COVID-19 compared to
before COVID-19 and the positive scope change in the media. Previously, research reports on
perceptions related to telemedicine were mainly published for first-hand experience patients or
medical staff. With the COVID-19 pandemic, telemedicine had begun to be used in earnest, and the
point that it is changing positively in the media as a whole means that it is prominent to a change in
social perception. Telemedicine could have a major influence in advancing health care in the future.
To fully utilize telemedicine in environments with limited medical resources, not only must
classifications, limitations, protocols, monitoring, assessments, and data privacy protection be
determined but also social consensus must be required. In other words, for the continuing de-
velopment in telehealth use, understanding the change in social perception of telemedicine could be
important. Within the designated scope of our review, the change in the media’s perception of
current telemedicine reflects the change in social perception and answers emerging questions.
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