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Abstract
During the coronavirus disease (COVID-19) pandemic, Japanese people paid close attention to polymerase chain reaction (PCR) tests for detecting the disease. Due to the limitation of PCR test capacity during this time in Japan, all the potential patients could not be tested. The Japanese mass media often criticized the Japanese government for this poor capacity, while some critics neglected the probabilistic nature of PCR tests. In this context, this study explored how Japanese people talked about PCR tests during the pandemic. We used the microblogging service Twitter as a data resource. Through a text mining approach to over two hundred thousand Japanese tweets on PCR tests during the first two weeks of May 2020, we found the following two tendencies: 1) confusion about infection and positive results of PCR tests; and 2) lack of awareness of the probabilistic nature of PCR tests, especially when confusing infection and positive results. This is a trans-scientific problem, which can be questioned in science but solved only beyond science. Since it is not realistic that all citizens understand all of the scientific and mathematical aspects of potential social affairs in the future, we propose that ethics should be taught at all levels of mathematics education as a philosophy of governance of mathematics. These mathematics lessons should provide students with the opportunity to form shared goals, which can determine whether generalization through mathematical consideration is a suitable method of problem-solving within a given context.
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Introduction
Serious pneumonia caused by coronavirus disease (COVID-19) has been a major global issue. While many countries proactively conduct polymerase chain reaction (PCR) tests, which is a principal method for detecting COVID-19 infection, criticism is voiced that the number of PCR tests performed in Japan, relative to the population size, is lower than in other countries (e.g., The Asahi Shimbun 2020b; The Mainichi 2020a). Two of the central reasons for this are a lack of human resources and advanced preparation of medical kits (e.g., The Asahi Shimbun 2020c; The Mainichi 2020d; The Yomiuri Shimbun 2020). The Japanese government has promised to boost the capacity to perform PCR tests (The Asahi Shimbun 2020c; The Japan Times 2020c).
Medical diagnosis tests such as PCR tests are probabilistic by their nature. Understanding the concept of conditional probability is necessary to interpret their results appropriately. It is, however, reported that many people make wrong decisions regarding diagnosis tests because of a lack of understanding (Eddy 1982; Barbey and Sloman 2007). For example, suppose that the probability of a specific disease is 5% (prior probability or base rate), that the probability is 80% that a person with this disease tests positive, and that the probability is 10% that a person without the disease tests positive. Then, the probability is 29.6% that a person with a positive test result has the disease. Neglecting the base rate, students often judge that the probability is 80% (Böcherer-Linder, Eichler, and Vogel 2018).
In educational research on probability, empirical evidence supports the view that natural frequency formats facilitate students’ understanding of conditional probability (Chow and Van Haneghan 2016; Gigerenzer and Hoffrage 1995). Furthermore, taking diagrams with natural frequency formats together supports teaching and learning conditional probability (Böcherer-Linder, Eichler, and Vogel 2018; Budgett and Pfannkuch 2019). On the one hand, research findings suggest potential learning trajectories for the concept of conditional probability in authentic contexts; on the other hand, Japanese people have insufficient opportunities to learn it. The concept of conditional probability has been treated as optional in the Japanese national secondary school mathematics curriculum as a starting point. Japanese students seem to be expected to learn the authentic application of conditional probability mainly in undergraduate education such as pharmacy and engineering rather than in secondary school. For this reason, it is conjectured that Japanese people idiosyncratically interpret the significance of PCR tests in the COVID-19 pandemic due to an insufficient understanding of conditional probability.
This is a serious social issue that has to be resolved. The problem with PCR tests is, now, not a medical professional one, but that it has turned into an everyday one. It is also a trans-scientific problem (Weinberg 1972) that can be posed in science but solved only beyond science. Especially in an era when people easily and publicly form political opinions through the Internet, how do they actually understand and react to this problem? This is a research question to be asked in educational research on probability. We as mathematics education researchers have an interest in how people tend to use the concept of conditional probability in real, everyday contexts beyond the classroom. The challenging quest for the answer to this question will provide basic data for elaborating what mathematical literacy is needed in a future global society.
The purpose of this paper is to report how Japanese people understand and react to the probabilistic nature of PCR tests in real society. The paper presents the results of analyzing text on Twitter, a microblogging service, through a data mining approach. An analysis of over two hundred thousand Japanese messages about PCR tests during the first two weeks of May 2020 revealed that, depending on the purpose of the argument Japanese people want to make about PCR tests, the tendency to use the concepts of probability and conditional probability is biased. 
The structure of this paper is as follows. First, we review the probabilistic and the journalistic backgrounds of PCR tests in Japan. We explain how we can interpret PCR test results from a probabilistic point of view, while we show how Japanese newspapers report their interpretations. Second, we elaborate on our research questions. Based on the probabilistic and the journalistic backgrounds, we raise the possibility of Japanese confusion between infection (“感染” in Japanese) and positive results (“陽性” in Japanese) of PCR tests and its consequence. Third, we describe our method of inquiring into our research questions. We specifically conducted a text mining analysis of Japanese Twitter data during the first two weeks of May 2020. Fourth, we show the results of our analysis. Our results suggest that Japanese Twitter users tend to confuse infection and positive results and that their language rarely include probabilistic terminology, especially when they confuse infection and positive results. Fifth, we discuss our results and learn a lesson from the COVID-19 pandemic. As our solution to the trans-scientific problem, we argue that ethics relating to mathematics should be taught as part of mathematics education.

Background
In this section, we briefly review the probabilistic and the journalistic backgrounds of PCR tests in Japan. Note that the authors of this paper are neither medical nor epidemiological specialists. This section, thus, only provides information on how we can understand PCR tests with conditional probability and how the news media in Japan has reported the state of affairs regarding PCR tests, not on what the correct understanding of PCR tests is from medical or epidemiological points of view.
The source of information cited in this section includes online accessible newspapers written in English but published by Japanese newspaper publishers. The authors of this paper made efforts to cite various newspapers and to make politically neutral arguments on PCR screening strategies. However, it is noteworthy that it is actually difficult for them to remain completely neutral. Following a recommendation that researchers should not pretend to be politically neutral (JRME Equity Special Issue Editorial Panel 2013), the authors of this paper state their positions beforehand: While some political opinions on PCR tests in Japan neglect mathematical probability, the authors believe that we should make our policies on PCR tests with probabilistic thinking.
Probabilistic background
It is important to recognize that there is no deterministic causal relationship between virus infections and positive results of the test. It is always possible that there are infected patients who tested negative and uninfected patients who tested positive. The former is called a false negative result, and the latter is a false positive one (A Dictionary of Epidemiology 2014a, 2014c). There are several possible reasons for false negative and false positive results of PCR tests. It is said that a false negative result can be obtained, for example, when a technician is insufficiently trained to collect the virus sample, when a patient does not have a large enough amount of the virus, and when the virus attaches to a region of the body where the technician cannot appropriately extract it (The Japan Times 2020b). It is also said that a false positive result can be obtained, for example, because the tests cannot distinguish between infectious and non-infectious viral particles (The Japan Times 2020e). Therefore, we must accept the reality that PCR tests can return false negative and false positive results. For this reason, the probabilistic approach we can take in this situation is to ask the following question: What is the probability that the result of a PCR test is a true positive (true negative) when the result is positive (negative)?
In epidemiology, the sensitivity of a diagnostic test, or true positive probability, is defined as the possibility that an infected person in the population is correctly identified by the test, i.e., the ratio of the number of persons with a true positive result to the number of all infected persons in the population; the specificity of a diagnostic test, or true negative probability, is defined as the possibility that a non-infected person in the population is correctly identified by the test, i.e., the ratio of the number of persons with a true negative result to the number of all non-infected persons in the population (A Dictionary of Epidemiology 2014b). Both sensitivity and specificity represent conditional probabilities. These concepts cannot be understood without reference to the concept of conditional probability.
The precise sensitivity and specificity of PCR tests for the diagnosis of COVID-19 were still unknown at the time of writing this paper. However, it is said that the sensitivity of PCR tests seems especially low. The “April 30, 2020” version of a Japanese guidance on initial care for COVID-19 cautions that the estimated value of sensitivity ranges from 30% to 70% and that of specificity exceeds 99% (Japan Primary Care Association 2020, p. 31).
Of course, low sensitivity does not imply that PCR tests are meaningless. The key element lies in the population. Even if sensitivity is relatively low, if the population includes many infected persons, tests tend to return true positives. The infection rate in the population is important for PCR tests.
Journalistic background
It has been said that the PCR testing capacity in Japan is insufficient in comparison with other countries. The news media in Japan, thus, continues to argue that the Japanese government should have expanded capacity (e.g., The Asahi Shimbun 2020b; The Mainichi 2020a; The Yomiuri Shimbun 2020). However, the Japanese people seem to understand this situation in various ways. The PCR screening strategy followed by the Japanese government is as follows. Potential patients can receive PCR tests when doctors deem it necessary. This means that people with anxiety about infection cannot necessarily receive the tests. In fact, the abovementioned guidance on initial care for COVID-19 recognizes the existence of such people and provides a sample explanation for why they cannot receive a test (Japan Primary Care Association 2020, pp. 30–32).
This strategy is potentially rational in the Japanese situation, where the infection rate in all Japanese people is relatively low. First, as mentioned above, from a probabilistic point of view, exhaustive testing through PCR is meaningless because the exact values of sensitivity and specificity have been not identified yet. Second, Japan does not have sufficient PCR testing capacity. Third, Japan has many computed tomography (CT) scanners. According to the OECD (2019), the number of CT scanners in Japan is 111.5 per million people, which is the highest in the world. It is about 1.7 times higher than that of the second highest country, Australia, which has 64.4 CT scanners per million people. Fourth, the method of PCR testing in Japan has been not automated, which creates a high risk of infecting medical service workers (Japan Primary Care Association 2020, p. 31). For these reasons, as a kind of triage, potential patients can receive PCR tests only when doctors doubt the possibility of severe pneumonia through CT scanning (Japan Primary Care Association 2020, p. 28; The Asahi Shimbun 2020c; The Japan Times 2020f). By doing so, the infection rate in all PCR test receivers is expected to become much higher than that in all Japanese people: This implies that the significance of PCR tests becomes higher from a mathematical point of view.
Note that this strategy is rational only as a kind of triage. It also implies the possibility that there are many patients who are actually infected with COVID-19 but are undetected due to their mild symptoms. The strategy is criticized because Japan fails to capture the correct infection rate (The Japan Times 2020a; The Mainichi 2020b).
If we want to assess the rationality of the Japanese strategy for PCR test implementation, understanding conditional probability is indispensable. However, the Japanese media sometimes treats PCR test results only as deterministic. For example, when a famous Japanese company sold PCR test kits to the general public, the Japan Medical Association criticized it as highly problematic because false negative patients cause a further spread of infection. In this regard, a Japanese newspaper reported the reasons of the criticism as a deterministic fact that poor sample collection by nonprofessionals may cause inaccurate test results (The Mainichi 2020c). As another example, when a false positive dead man was cremated without a funeral, a Japanese newspaper treated it as a misdiagnosis due to human error (The Asahi Shimbun 2020a). These types of explanation omit the concept of conditional probability and provide an impression that the PCR test results are understandable as completely decisive if only human errors were eliminated.
Only some newspaper articles provide information on conditional probability (e.g., The Asahi Shimbun 2020d). In addition, from the authors’ points of view, Japanese TV news and talk shows on PCR tests rarely provide information on conditional probability, although we cannot provide evidence of this.

Theoretical framework and research questions
Summarizing the above two sections, we can make the following three points: 1) It is difficult to understand the concept of conditional probability, according to previous mathematics education research findings; 2) the Japanese national curriculum has treated the concept of conditional probability as optional for a long time; 3) the Japanese mass media tends to interpret the results of PCR tests as decisive rather than probabilistic. Based on these facts, we elaborate on the theoretical framework and research questions in this section.
In the introduction, we posed the question of how people tend to use the concept of conditional probability in real everyday contexts beyond the classroom. In this regard, the Japanese journalistic tendency to consider PCR tests as deterministic suggests a possibility that Japanese people also consider PCR tests as deterministic. Although some people learned the concept of conditional probability as optional mathematical content in high school, not all of them learned it in authentic contexts. It is unlikely that even people who know the concept of conditional probability understand PCR test results as probabilistic due to the way the media has been reporting about it. For this reason, we conjecture that many Japanese people interchangeably use the two words infection and positive results and that there are some contexts in which Japanese people confuse these two terms more frequently.
Therefore, the necessity of taking a situated perspective (cf. Lave and Wenger 1991; Ernest 1998) arises. We investigate the method by which people use such technical terminology while talking about the real social issue of COVID-19 in everyday settings is investigated, rather than examining how people understand the concept of conditional probability and respond to probabilistic problems in experimental settings. From a situated perspective, the understandings of probability between everyday and experimental settings are assumed to be different. People’s behaviors should be observed within the real situation in question. Mathematics education researchers should have an interest in these genuine behaviors to gather basic data for considering why and how knowledge transfer occurs (Ernest 1998).
In this paper, “a topic context” and “a talk context” are distinguished, as inspired by Nilsson and Schindler’s (2018) distinction between “a task context” and “a classroom context.” A topic context is defined as the topic a person talks about, while a talk context is where or how a person talks. For example, people often mention “PCR tests” when talking about a medical collapse or a state of emergency. By examining the words used with the term “PCR tests,” the topic context by which people talk about PCR tests can be determined. In this sense, the abovementioned conjecture of “contexts” (where Japanese people frequently confuse the two terms) is related to topic contexts. On the other hand, the talk context of Twitter is simultaneously focused on methodologically. The Twitter talk context is different from a face-to-face talk context because, for example, Twitter can provide communication through written words and many unspecified users. Therefore, the Twitter analysis result cannot be generalized without similar results within the other talk contexts. However, in the current Internet era, communication in social networking services (SNS) like Twitter have constituted an integral part of our lives. Whether people’s tendencies between SNS communication and face-to-face communication match, it is worth investigating communication patterns within SNS.
We, therefore, state the elaborated research questions as follows: What is the difference between topic contexts where Japanese people tend to confuse the words infection and positive results and where they do not confuse them? How are the two words connected with probabilistic terminology in such topic contexts? Although this study is not an investigation into students’ probabilistic thinking within classrooms, it can function as an exploratory study for revealing the result of the current mathematics education in Japan. In addition, aside from this study, the experimental lessons for Japanese tenth-grade students are reported elsewhere (Uegatani, Ishibashi, and Hattori 2020). The results of the experimental lessons indicated that students intentionally neglected probabilistic ideas when they discussed the necessity of the negative test result certificates of the PCR tests. However, it is not sufficient to analyze students’ behaviors to discover how the application of probabilistic concepts should be taught and implemented in their everyday lives. In combination with educational research on students’ thinking, certain implications from this study will be obtained for considering how mathematically educated people are expected to behave within an SNS and in the palmy age of SNS.

Method
In summary, we analyzed Japanese Twitter data through a text mining approach to answer the abovementioned research questions.
Data source: Twitter
[bookmark: _Hlk43467499]Twitter is an SNS. It is specifically called a microblogging service. Registered Twitter users can post short messages referred to as “tweets.” Although the users can make their tweets invisible to the public and only visible to their followers, their tweets are publicly open by default. All Internet users, including unregistered Twitter users, can access public tweets. By the open nature of tweets compared with the other types of SNS such as Facebook, Twitter data are expected to be a potential resource in social science. The potential of Twitter data in academic research is acknowledged by Twitter, Inc. itself (Twitter n.d.a) and many academic studies have used Twitter data (cf. Burnap et al. 2015; Williams, Burnap, and Sloan 2017).
In this paper, we focus on public Japanese tweets as a data resource. Although not all Japanese people use Twitter, of course, it is one of the few publicly accessible and large-scale data resources for exploring everyday language use by ordinary people. Even considering a possibility that a survey of Twitter users is a biased sample as representative of Japanese people, it is valuable as a big first step to reveal the tendency in a well-known microblogging community in order to approach our research questions in the Internet era.
Note that Japanese tweets have some different characteristics than ones using the Latin alphabet. Although the maximum length of each tweet in English and other languages using the Latin alphabet has recently been expanded from 140 to 280 characters, a Japanese tweet is still limited to 140 characters (Rosen 2017). The Japanese language has various types of characters such as Hiragana, Katakana, and Kanji. Japanese tweets can also include Latin letters. Since Japanese tweets can contain a variety of characters and Kanji is ideographic, they seem to contain more information than Latin alphabet tweets, albeit at a maximum length of 140 characters.
Data collection: Using the Twitter standard search API
In this study, we had an interest in how Japanese people use words related to PCR tests. Therefore, we needed to gather tweets about PCR tests written in Japanese.
Twitter provides the Twitter standard search application programming interface (API). By using the API, officially accepted developers can develop original application programs for accessing Twitter services (Twitter n.d.-b). In particular, although the maximum number of runnable search queries for every 15 minutes is limited to 180 and the maximum number of hits per query is limited to 100, developers can develop an application program for automatically collecting a large number of tweets related to particular search words.
We successfully applied for permission to use the API for this study. We developed an application program with a programming language, Python, for collecting Japanese tweets related to PCR.
[bookmark: _Hlk43460079]We set up “PCR -RT” as a search query. It means to search for tweets including “PCR” and excluding “RT”. On Twitter, a re-posting of a tweet from someone else is called a retweet. Since we have an interest in how Japanese people use their own words related with PCR, we used “-RT” to exclude retweets. For collecting Japanese full-length tweets, we also set up the optional parameters “tweet_mode=extended&lang=ja.” Due to the abovementioned limitation of the API, our application program continued to collect tweets automatically and repeatedly in increments over nine days. As a result, we obtained all Japanese tweets including the word “PCR” created during the first two weeks of May 2020, i.e., from May 1 to 14, and excluding retweets. The number of tweets retrieved was 272,427. It indicated that Japanese people posted an average of 19,459 tweets on PCR tests per day.
Analysis procedure: Text mining approach
In this study, we explored the strength of the connections between words in tweets. By knowing which words are strongly connected in Japanese tweets, we can understand how Japanese people tend to use words related with PCR and in which contexts. For such a purpose, it is suitable to create co-occurrence networks of words or concepts. A co-occurrence network of words or concepts is an undirected and weighted graph. Each vertex of the graph represents words or concepts in given text data. The weight of an edge between two vertices represents to what degree the corresponding two words or two concepts tend to be used together in the given text data. KH Coder, which is a Japanese text mining software we used in this study, adopts the Jaccard coefficient for quantifying weights (Higuchi 2015). The Jaccard coefficient of two words (or two concepts) is defined as the number of the texts including both  and  divided by the number of the texts including either  or . Although the number of research articles in mathematics education with text mining approaches is relatively low according to a recent review article, the approach is expected to bring us insight from an unstructured data set (Shin and Shim 2020).
In order to create a co-occurrence network of the concepts of infection and positive results in question, we adopted the following four procedures: morphological analysis, category division, hierarchical cluster analysis, and co-occurrence network creation.
First, we conducted a morphological analysis on all the tweet data retrieved by using KH Coder. It reveals which words appear in the data.
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)Second, we divided all tweets retrieved into the four categories shown in Table 1. The English word “infection” corresponds to “感染” in Japanese. The English words “positive” and “negative” results of medical tests correspond to “陽性” and “陰性,” respectively. Japanese language does not have adjectives corresponding to “positive” and “negative.” It has only the noun forms. We checked all words that appeared in the 272,427 tweets but did not find synonyms of the three words “感染,” “陽性,” and “陰性” from our point of view. Our text mining approach cannot distinguish between affirmative and negative sentences; we considered tweets not only on positive but also on negative results of PCR tests.
Third, we conducted a hierarchical cluster analysis of tweets in each category. This analysis divides tweets into several clusters on the basis of their similarity. Since all tweets retrieved contain the word “PCR,” if a tweet includes only the word infection and not the word positive, it tends to make a direct connection between PCR test results and infection without mentioning the difference between infection and positive results. However, due to a technical limitation of our computers such that a hierarchical cluster analysis of a huge dataset cannot be conducted, we obtained 10,000 random samples from each category and identified dominant contexts in these samples.
Finally, we defined coding rules of concepts and created co-occurrence networks of concepts in order to explore the strengths of the connection between the contexts identified in the third step and probabilistic terminology. This process is naming the contexts and probabilistic terms as concepts. The result of the third step only means what contexts tend to appear in each category, but by defining concepts as coding rules, we are able to create co-occurrence networks of concepts from the complete dataset and describe how people use probabilistic terms in each context. When we defined the concept about problematic terms, we rechecked the result in the first step and identified probabilistic terms in the tweets retrieved.
Ethical considerations
On quotation
Although tweets are publicly accessible, and Twitter officially recognizes the potential of academic use of Twitter data, we do not think that we can use Twitter data in any manner. In this regard, we followed Williams, Burnap, and Sloan’s (2017) ethical proposal for using Twitter data. According to them, because tweets are semi-public, such as conversations in a bar, we should avoid the direct quotation of a tweet in an academic paper without the author’s permission. When the author deletes her/his own tweet, we cannot access the original itself in any legal way, such as through the Twitter API. However, if the direct quotation of a tweet appears in an academic paper, the author of the tweet cannot delete the copy of her/his tweet in the paper any time she/he wants. Thus, the direct quotation may infringe upon her/his right to be forgotten. Without the authors’ permission, we should conduct only algorithmic quantitative analysis of tweets without direct quotations.
In addition, it is not sufficient to quote a tweet in an anonymized form. Even if it is anonymized, anyone can easily find the original tweet through Internet search engines. Again, tweets are publicly accessible, but include, for example, the authors’ private information or their political stances. Special ethical consideration for data collection through the Internet is, thus, a necessity in comparison with other types of data collection.
Our interest in how Japanese Twitter users use probabilistic terms in their tweets is not a survey on the pure scientific use of such terms. It is, rather, on the use of such terms in political contexts. For this reason, we do not directly quote any tweet in this paper. We mainly present the processed results of computational analysis.
On interpretation of results
Our analysis has the potential to reveal Japanese misuse of scientific and probabilistic terms. However, it is noteworthy that the results should be carefully interpreted in a descriptive manner rather than in a normative manner. For example, tweets in the category I-N are considered to represent a tendency to make a connection between PCR tests and infection too quickly. However, all authors of the tweets in the category I-N do not lack understanding of the meaning of positive results of PCR tests. For example, tweets such as “PCR tests cannot decisively identify whether or not a person is infected” are categorized into the category I-N. This is a limitation of our text mining approach due to the inability to distinguish between affirmative and negative statements. Such a normative judgment without consideration on this limitation in a shallow and algorithmic way is a kind of abuse of mathematical models cautioned against by some scholars (Saltelli 2019; Saltelli and Funtowicz 2014; Williams, Burnap, and Sloan 2017). Thus, we do not think that the authors of tweets placed into a particular category necessarily use terms mistakenly.
Instead, we interpret our results as indicators of dominant topics. The results of a text mining approach can be interpreted as a kind of distributional model, which “are models of word meaning. Not the meanings that are in our heads, and not the meanings that are out there in the world, but the meanings that are in the text” (Sahlgren 2008, p. 49). Even tweets such as “PCR tests cannot decisively identify whether or not a person is infected” are considered as an indicator that there are views about the connection between PCR tests and infection that are too simplistic; however, individual Twitter users understand the meaning of PCR test results. Whether affirmative or negative, tweets categorized into the same category share the same topics in a certain way.

Results
In this section, we show each result of the analysis procedures described in the previous section.
Result of the first procedure
As a result of the morphological analysis, we show the 30 most frequent words in the 272,427 tweets in Table 6 in the Appendix. They were originally written in Japanese but translated into English by the authors of this paper.
Result of the second procedure
We divided all retrieved tweets into the four categories. The percentage of tweets classified into each category is shown in Table 2. Only 4.8% tweets tend to use the two words infection and positive results. In order to investigate whether or not people tend to use them interchangeably, the second and the third authors actually read 300 random samples in the category I-R. The total number of samples that either of them cannot determine whether or not the two words are interchangeably used is 184. This is because these tweets are too short for making such determinations. The two authors determined that only 62.5% of the other 116 samples on average explicitly distinguish between the two words.
[bookmark: _Hlk43475437]Tables 7–10 in the Appendix show the 30 most frequent words in each category. The tendency of frequent words in each category is different. For example, the word Abe, which is the name of the Japanese prime minister, is only dominant in the category N-N. As another example, the words false positive and false negative are only dominant in the categories I-R and N-R. Note that the three words positive (“陽性”), false positive (“偽陽性”), and positive rate (“陽性率”) are expressed by one word in Japanese. Thus, we counted these three words without overlapping.

Table 2: The number of tweets classified into each category
	Category
	Number

	I-R
	4.8% (12,976)

	I-N
	15.8% (43,070)

	N-R
	11.0% (29,926)

	N-N
	68.4% (186,455)

	Total
	100% (272,427)



Result of the third procedure
We identified several tweet clusters in the four categories. We checked the original tweets and interpreted what topics each cluster included (See Tables 11–14 in the Appendix). There were some clusters for which we could not identify the topics because they were automatically created by the software. We, thus, neglected such clusters. If two clusters contained the similar topic from a human point of view, we treated them as clusters including the same topics (e.g., clusters 6 and 7 in Table 11 (A)).
Result of the final procedure
Based on the topics identified in the third procedure, we defined the concepts for creating co-occurrence networks as coding rules shown in Table 3. A simple tabulation of tweets with each concept is shown in Table 15 in the Appendix. In addition, we defined the probabilistic terminology as shown in Table 4. Table 5 shows how many tweets include probabilistic terminology for each category. Altogether, 22.7% of the tweets classified into the category I-R include probabilistic terminology, and this is the highest percentage among the four categories. Japanese Twitter users rarely use probabilistic terminology in their tweets, while they tend to use probabilistic terminology when they explicitly distinguish between infection and positive results.

Table 3: The definitions of the concepts for creating co-occurrence networks
	
	Concept
	Definition

	[A]
	Criterion for deregulation
	Osaka anda modelb

	[B]
	Positive rate
	positive rate

	[C]
	Woman in Yamanashi Prefecture
	Yamanashi and womanc

	[D]
	Patient
	hospitalize and hospital and patient

	[E]
	Grasping the actual situation
	(hospitalize and discharge) or total or identification or grasp or collection or number or number of people or situation

	[F]
	Other tests
	antibody or CT or antigen

	[G]
	False results
	false negative　or false positive

	[H]
	State of emergency declaration
	emergency and state and declaration

	[I]
	Overwhelming hospitals
	medical and collapse

	[J]
	Quantity
	many or few or increase or decrease or increase or decrease or rise or fall or raise or lower

	[K]
	Preventing the spread of infection
	steps or quarantine

	[L]
	Japan and specialists
	specialty or government or Abe or political power or prime minister or prime minister or MHLW or Kato or minister or politics or Ministry of Health, Labour and Welfare

	[M]
	Medical
	doctor or hospital or medical or health center

	[N]
	Test results
	Result

	[O]
	Get tested
	get tested

	[P]
	News
	news or #Yahoo or NHK or Yomiuri Shimbun or Yahoo! or Y! or report or Toyo-Keizai or TV or Morning Show or Asahi Shimbun or newspaper or mass media or TV Asahi or talk show or #SmartNews or Mainichi Shimbun or Nikkan Gendai DIGITAL or TBS or TV Asahi or Nippon Television or Nikkan or tvYamanashi or Daily Sports or #linenews or NEWS or @news_line_me or media or #ldnews or #NewsPicks or (NHK or @Toyokeizai or ToyoKeizai or Giji Press or @jijicom or Sukkiri or TVd

	[Q]
	Cities
	Tokyo or Osaka or Yoshimura or governor of Osaka or Koike or governor of Tokyo

	[R]
	Testing for all
	everyone or (prove and issue)

	[S]
	Method of PCR tests
	automatic or drive-through or saliva

	[T]
	The number of PCR tests performed in Japan is fewer than in other countries
	Japan and ( shame or insufficient or suppression )

	[U]
	Foreign countries
	South Korea or China or France or Germany or world or overseas or foreign country or Wuhan or Paris or Italy or Europe

	a “and,” “or,” “(,” and “)” in the definitions are logical operators for the software.
b The Osaka model is the popular name of a criterion for deregulation in the COVID-19 pandemic situation proposed by the governor of Osaka.
c Yamanashi prefecture requested a woman who tested positive to avoid using public transport, but she refused.
d The names of media such as newspapers, magazines, and TV talk shows are included.



Table 4: List of probabilistic terminology and the reasons for their selection
	Terms
	Reasons for selection

	Accuracy
	Used when describing the abilities of PCR tests.

	Sensitivity
	

	Specificity
	

	Percent
	Used when describing probabilities.

	Probability
	

	Rate
	

	Risk
	Used when discussing indeterministic phenomena.

	Possibility
	




Table 5: The number of tweets with and without the probabilistic terminology
	Category
	Included
	Not included
	Total

	I-R
	22.7% (2,945)
	77.3% (10,031)
	100% (12,976)

	I-N
	12.2% (5,261)
	87.8% (37,809)
	100% (43,070)

	N-R
	14.5% (4,334)
	85.5% (25,592)
	100% (29,926)

	N-N
	5.2% (9,650)
	94.8% (176,805)
	100% (186,455)

	Total
	8.1% (22,190)
	91.9% (250,237)
	100% (272,427)



[bookmark: _Hlk43476463]For each category, we created the co-occurrence networks (see Figures 1–4). In each figure, there are two squares. The square of “included” represents tweets labelled as “probabilistic terms are included.” The square of “not included” represents tweets labelled as “probabilistic terms are not included.” In each figure, there are several circles. The circles represent concepts identified as [A]–[U] in Table 3. For convenience, we added the names of the concepts in each figure which the text mining software originally output. The size of each circle represents the number of tweets labelled as the concept. The circles connect with the squares. The line segments (that is, the edges) between a circle and a square represent the connections between the concepts. If the circle of the concept [A] connects with the square of “included,” then Japanese Twitter users tend to use the terms classified into the concept [A] and the probabilistic terms frequently and simultaneously. The values on the edges represent the Jaccard coefficient between the concepts, i.e., the strength of connections between them. If the reader views the color version of this paper, he or she can see that the yellow circles connect only with the square of “not included” and the green circles connect with both squares, but the colors are not essential for interpreting these figures. Only edges whose Jaccard coefficients are 1.0 or higher were drawn in each figure. Each figure shows in what contexts Japanese Twitter users tend to use or not to use the probabilistic terms.
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Fig. 1: The co-occurrence network of Category I-R
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Fig. 2: The co-occurrence network of Category I-N
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Fig. 3: The co-occurrence network of Category N-R
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Fig. 4: The co-occurrence network of Category N-N

Discussion
Our results are interesting from a probabilistic point of view. First of all, Japanese Twitter users’ usage of the probabilistic terminology is very limited. In Figures 2 and 4, the square for tweets with the probabilistic terminology does not appear. In the corresponding categories I-N and N-N, tweets with the probabilistic terminology not only rarely appear (12.2% and 5.2%, respectively, in comparison with 22.7% in the category I-R) but also include various topics. There is no particular tendency of frequent contexts. When people do not distinguish between infection and positive results, the probabilistic terminology rarely appears, whatever topics they mention. On the other hand, as shown in Figures 1 and 3, tweets in the categories I-R and N-R tend to include the probabilistic terminology in the two contexts related to the concepts [F] False results and [G] Other tests. It is natural that people use the probabilistic terminology in order to mention false results of PCR tests and to compare PCR and other tests. These two contexts do not tend to appear in the categories I-N and N-N. In addition, tweets in the category I-R, which explicitly distinguish between infection and positive results, tend to include the probabilistic terminology in the contexts related to [M] Medical and [J] Quantity, although these two contexts more tightly connect to tweets without the probabilistic terminology. Figures 1–4 show that the explicit distinction between infection and positive results correlates with the use of the probabilistic terminology. It is not problematic that only 22.7% of tweets include the probabilistic terminology. We may often talk about PCR tests without probabilistic thinking. However, it is noteworthy that there is a difference between the percentages of such tweets in the four categories. If people could think in a probabilistic manner without the distinction between infection and positive result of tests, the percentage of tweets with probabilistic terminology would be almost the same. The data, therefore, suggest that probabilistic thinking tend to appear after people come to use appropriate terms for distinguishing between deterministic and indeterministic phenomena.
Figures 1 and 3 also show that the relationship in each figure between the concept of [B] Positive rates and tweets with the probabilistic terminology is weak. Their strengths evaluated by Jaccard coefficients are less than 0.1, while Figures 1 and 3 show that the strengths of the relationships between the concept of [B] Positive rates and tweets without the probabilistic terminology are 0.18 and 0.21, respectively. This suggests that the term positive rate is easily misunderstood as the infection rate. Since the positive rate has been already provided as a percentage format, it does not motivate people to calculate the infection rate from it. The term positive rate was introduced to make political decisions, and even Japanese newspapers that report scientific experts’ opinions seem to treat it as the infection rate (The Japan Times 2020d; The Mainichi 2020b). The confusion between the positive and infection rates call the relationship between science and politics into question: Which is more important, understandability for citizens or scientific integrity?
There are some concepts which appeared in Figures 1 and 3 but did not appear in Figures 2 and 4: [B] Positive rates, [E] Grasping the actual situation, [F] Other tests, [G] False results, and [N] Test results. When people have an interest in the test’s abilities, they tend to use the word positive results. Interestingly and conversely, the concept of [N] Other countries appeared in Figures 2 and 4 but did not appear in Figures 1 and 3. In addition, the difference between the Jaccard coefficients of the concept of [L] Japan and specialists in the categories I-R and N-R and in the categories I-N and N-N is almost double. Japanese people tend not to use the word positive results when they compare between Japanese and foreign situations and when they mention specialists’ proposals about PCR tests.
Figures 1–4 show that the relationship between many dominant contexts in Japanese tweets about PCR tests and the probabilistic terminology is limited. Although our initial concern was on conditional probability, Japanese people do not tend to use the probabilistic terminology in the first place, as was hypothesized in the “Theoretical framework and research questions” section. Here, let us return to our two research questions. First, we asked: What is the difference between contexts where Japanese people tend to confuse the two words infection and positive results and where they do not? Our interpretation presented above suggests that Japanese people tend to use the word positive results only when they reify PCR tests, e.g., when they compare the abilities of PCR tests with the other types of tests. If they consider PCR tests just as processes, they do not need the label positive; they rather more frequently tend to consider positive simply as infected.
Our second question was: How are the two words infection and positive results connected with probabilistic terminology in such topic contexts? Our findings suggest that when people do not use the term positive results, the probabilistic terminology more rarely appears than when people use the term positive results. Since it is well-known that probabilistic and contextual knowledge are interwoven (e.g., Gal 2005; Pfannkuch et al. 2016), it is possible that learning the distinction between infection and positive results and learning the probabilistic terminology in the contexts related with PCR tests are also interwoven. However, school mathematics cannot deal with all of the contexts people will encounter in a future society. Even after the spread of COVID-19, we cannot simply argue that people all over the world should learn probability within the contexts of medical tests. Although the current citizen needs such probabilistic thinking right now, it is not warranted that such a situation continues forever after appropriate medicine for COVID-19 is invented.
As Skovsmose (2019) points out, mathematics really supports us in reading and handling the very crisis of the COVID-19 infection. Making policies concerning PCR test conduction requires citizens to think probabilistically. However, as shown in this paper, the treatments of the probabilistic terminology at least in Japanese newspapers and in Japanese tweets are limited. Instead of using the concept of probability, different quantification is dominant there: for example, the number of PCR tests conducted, the positive rates in Japan, and even the number of infected persons, which we cannot precisely know only through PCR tests in principle.
As Skovsmose (2019) also argues, a mathematical model provides its own reality fabrication since we cannot often know the match between the model and reality. In this sense, mathematics cannot be neutral and has a role for forming a particular ideology (Radford 2016; Skovsmose 2019). Mathematics can be used in a potentially harmful manner (Ernest 2018). For this reason, we should think that the ethics of quantification (Saltelli 2019; Saltelli and Funtowicz 2014) are applied not only to academic researchers but also to citizens in a new era after the COVID-19 pandemic. From an educational point of view, this application implies a new form of mathematical literacy. We would, therefore, suggest that mathematical literacy should include ethics (cf. Ernest 2018).
In international discourses on mathematical literacy (e.g., Niss and Jablonka 2014), scholars tend to discuss what mathematical contents and thinking are implied by the concept of mathematical literacy. However, as a lesson from the COVID-19 pandemic, we should keep in mind that a mathematically literate person must ethically apply mathematics in real life. For example, the confusion between infection and positive results implies the possibility of the irrational isolation of people who test falsely positive. Following Ernest (2018) and Skovsmose (2019), we argue that all types of mathematics education (e.g., school education, technical education, university education, and journalism education) should address ethics related to mathematics. Ethics should be our first philosophy (Ernest 2012), not only in educational research but also in educational practice and mathematics learning (Ernest 2018). Even if we cannot teach all of the mathematical contents people will encounter in a future society, it is possible to teach a necessary part of ethics related to mathematics, even in school education.
When developing Ernest’s (2018) and Skovsmose’s (2019) proposals into a more concrete form, an educational implication from the data was the focus. Based on the analysis, the reification of PCR tests is related to the use of probabilistic terminology. This correlation suggests that probabilistic terminology is necessary to generalize the properties of PCR tests that are themselves detached from the topic contexts in question. Therefore, mathematics cannot be applied to a given topic context by using a knowledge leap; there should be a pre-mathematical discourse before entering into a mathematical discourse. Thus, the study hypothesizes that as long as people have a disposition toward a kind of generalization that is detached from topic contexts, their discourse might not need mathematization.
A result of experimental lessons that are reported elsewhere (Uegatani, Ishibashi, and Hattori 2020) supports this potential hypothesis. When students from the lessons were asked whether an employer’s request for a negative test result certificate from an employee could be valid, they intentionally neglected probabilistic thoughts, although they could calculate conditional probabilities. If our hypothesis is valid, this neglect could be understood as rational from their perspectives. Judging the validity of only one request did not stimulate their need for generalized probabilistic properties of the PCR tests.
A potential candidate for teachable ethics in mathematics education is derived from this viewpoint. As the COVID-19 pandemic caused anxiety over being infected, people may jump to a hasty conclusion from a narrower perspective. However, comprehending multiple perspectives of empathy with such anxiety is necessary. The use of mathematics provides, at most, a considerable perspective, not only a single, decisive perspective. Generalization from the use of mathematics is necessary to consider not only one’s personal benefits but also other people’s benefits. A discourse with the goal of realizing such social fairness is a promising pre-mathematical discourse. The implication drawn from our data suggests that authentic problems might not have a function as educational material. However, the goal students share and aim toward while solving such problems is what is important. There is a continuous need to conduct research on behaviors in authentic situations from this perspective.

Conclusion
Mathematics is like a sharp knife. It is a versatile and convenient tool but has the ability to injure someone at the same time. In the COVID-19 pandemic situation, people are expected to interpret PCR test results from a probabilistic point of view. However, as shown in this article, the probabilistic terminology rarely appears in Japanese Twitter discourses on PCR tests and more rarely appears when people confuse infection and positive results. Our text mining analysis of over 270,000 Japanese tweets suggests that it is difficult for them to use the probabilistic terminology in any context related with PCR tests, except when people reify PCR tests, and also that learning the probabilistic and contextual terminology seem to be interwoven, although we should not think that all people with limited vocabularies misunderstand the concept of conditional probability. The tendency to treat indeterministic phenomena as deterministic ones forms an idiosyncratic reality fabrication (Skovsmose 2019). People cannot check whether or not a mathematical model correctly reflects the reality within a limited linguistic discourse such as a discourse without the probabilistic terminology and without the clear distinction between infection and positive results. In order to prevent citizens from unintentionally abusing mathematics, ethics for modeling mathematically should be taught as our first philosophy (Ernest 2012), even in mathematics education practice (Ernest 2018). The data in this paper demonstrate a concrete example of the potentially invalid usage of mathematics, as indicated by Ernest (2018).
The results of our analysis do not imply any answer to whether or not it is valid that the concept of conditional probability is optional in the national mathematics curriculum. However, it is not realistic in a technically advanced society that all potentially important scientific and mathematical concepts of a future society should be taught. For this reason, our discourse on what mathematical literacy is should include what ethics are involved in mathematics. Citizens are expected to have ethical abilities to judge whether or not mathematics is appropriately used when the mathematical contents are unfamiliar to them. Such abilities include an ability to think about who should be regarded as specialists in a given context. It means that mathematics and science should be controlled by well-educated citizen’s ethical considerations. At the same time, specialists should separate their political stances from mathematical and scientific results. They should be expected to provide not only their own opinions on social matters but also mathematical and scientific alternative options for citizens.
Our society is too complex. All citizens cannot grasp all mathematical and scientific aspects of social affairs. It seems to be insufficient that mathematics education deals with social affairs and social education deals with mathematical aspects of social affairs. We need ethics for bridging the gaps between different subject areas and seeing problems in such areas not as unrealistic logical puzzles but as authentic problems in our society. This is one promising solution to the trans-scientific problem proposed by Weinberg (1972). Sharing ethics with citizens is a necessary condition for making our technically advanced society more democratic.
[bookmark: _Hlk58780592]The results of this paper, and in our experimental lessons (Uegatani, Ishibashi, and Hattori 2020), suggest that authentic problems may be sufficient as educational material by itself. A promising key to planning an ethics lesson that is related to mathematics is acknowledging the roles of shared goals when solving such authentic problems. These goals can determine whether generalization through mathematical consideration is suitable for problem-solving within a given context. A mathematics lesson should include an interwoven trial that establishes a shared goal and ethics. From this viewpoint, empirical evidence of peoples’ real behaviors in real situations and students’ behaviors in solving authentic problems with ethical goals should be gathered as future research tasks.

Appendix
Tables 6–10 show the 30 most frequent words in all retrieved tweets and in the four categories, respectively. Tables 11–14 show the clusters that the software automatically created. Table 15 shows a simple tabulation of tweets with the defined concepts.

Table 6: Top 30 frequent words in all the retrieved tweets
	[bookmark: _Hlk42672443]　
	English
	Frequency
	　
	　
	English
	Frequency

	1
	Japan
	54523
	
	16
	Hospital
	14900

	2
	people
	47302
	
	17
	Now
	14894

	3
	say
	44009
	
	18
	Citizen
	14893

	4
	think
	36849
	
	19
	health center
	14641

	5
	medical
	29037
	
	20
	be done
	14478

	6
	get tested
	25093
	
	21
	government
	14431

	7
	increase
	23362
	
	22
	Problem
	13224

	8
	get out
	20511
	
	23
	Tokyo
	12805

	9
	doctor
	20369
	
	24
	rise
	12516

	10
	few
	19655
	
	25
	see
	12502

	11
	necessary
	17715
	
	26
	patient
	12396

	12
	major
	17396
	
	27
	month
	12291

	13
	news
	17111
	
	28
	country
	12260

	14
	result
	16149
	
	29
	antibody
	12246

	15
	Abea
	15185
	
	30
	symptom
	11562

	a The name of the current Japanese prime minister.



Table 7: Top 30 frequent words in the category I-R
	　
	English
	Frequency
	　
	　
	English
	Frequency

	1
	people
	3797
	
	16
	quarantine
	1284

	2
	positive rate
	2880
	
	17
	false negative
	1265

	3
	get out
	2459
	
	18
	hospitalize
	1176

	4
	result
	1989
	
	19
	hospital
	1131

	5
	think
	1908
	
	20
	asymptomatic
	1088

	6
	patient
	1861
	
	21
	possibility
	1068

	7
	identification
	1703
	
	22
	contact
	1023

	8
	Tokyo
	1654
	
	23
	increase
	928

	9
	say
	1632
	
	24
	expand
	924

	10
	get tested
	1552
	
	25
	come out
	913

	11
	medical
	1549
	
	26
	necessary
	891

	12
	antibody
	1443
	
	27
	few
	875

	13
	symptom
	1405
	
	28
	implement
	864

	14
	Japan
	1393
	
	29
	discharge
	839

	15
	month
	1380
	
	30
	false positive
	826



Table 8: Top 30 frequent words in the category I-N
	　
	English
	Frequency
	　
	　
	English
	Frequency

	1
	Japan
	10128
	
	16
	antibody
	3469

	2
	people
	8782
	
	17
	result
	3360

	3
	medical
	6961
	
	18
	now
	3130

	4
	think
	6836
	
	19
	rise
	3128

	5
	say
	6737
	
	20
	citizen
	3059

	6
	few
	5453
	
	21
	government
	2979

	7
	increase
	4624
	
	22
	doctor
	2939

	8
	expand
	4533
	
	23
	patient
	2875

	9
	get tested
	4180
	
	24
	self-restraint
	2848

	10
	get out
	3883
	
	25
	quarantine
	2843

	11
	Tokyo
	3782
	
	26
	symptom
	2782

	12
	hospital
	3582
	
	27
	be done
	2768

	13
	necessary
	3575
	
	28
	many
	2731

	14
	steps
	3489
	
	29
	South Korea
	2692

	15
	major
	3483
	
	30
	decease
	2611



Table 9: Top 30 frequent words in the category N-R
	　
	English
	Frequency
	　
	　
	English
	Frequency

	1
	positive rate
	7161
	
	16
	month
	2143

	2
	people
	6697
	
	17
	hospitalize
	2096

	3
	get out
	5009
	
	18
	false positive
	1983

	4
	think
	4348
	
	19
	quarantine
	1980

	5
	say
	4023
	
	20
	hospital
	1968

	6
	get tested
	3991
	
	21
	home
	1856

	7
	result
	3588
	
	22
	necessary
	1829

	8
	Japan
	3072
	
	23
	accuracy
	1801

	9
	Tokyo
	2701
	
	24
	increase
	1747

	10
	medical
	2685
	
	25
	grasp
	1681

	11
	symptom
	2582
	
	26
	Osaka
	1633

	12
	patient
	2543
	
	27
	antibody
	1625

	13
	false negative
	2384
	
	28
	government
	1604

	14
	news
	2314
	
	29
	implement
	1580

	15
	everyone
	2249
	
	30
	determination
	1553



Table 10: Top 30 frequent words in the category N-N
	　
	English
	Frequency
	　
	　
	English
	Frequency

	1
	Japan
	39930
	
	16
	be done
	9529

	2
	say
	31617
	
	17
	problem
	9519

	3
	people
	28026
	
	18
	now
	9507

	4
	think
	23757
	
	19
	government
	9425

	5
	medical
	17842
	
	20
	get out
	9160

	6
	increase
	16063
	
	21
	see
	8688

	7
	doctor
	15574
	
	22
	country
	8489

	8
	get tested
	15370
	
	23
	automatic
	8403

	9
	major
	12671
	
	24
	know
	8365

	10
	Abe
	12190
	
	25
	hospital
	8219

	11
	news
	12064
	
	26
	South Korea
	7593

	12
	few
	11964
	
	27
	clinical environment
	7572

	13
	necessary
	11420
	
	28
	structure
	7463

	14
	health center
	10654
	
	29
	rise
	7418

	15
	citizen
	10050
	
	30
	result
	7212
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Table 11 (A): Identified clusters in the category I-R
	Cluster
	1
	2
	3
	4
	5
	6
	7

	Top 10 frequent words
　
	Use
	positive rate
	come out
	result
	hospital
	discharge
	Contact

	
	hospital bed
	Tokyo
	Yamanashi
	*
	hospitalize
	decease
	Identification

	
	Route
	Grasp
	bus
	URL
	patient
	cumulative total
	Month

	
	Model
	New
	homecoming
	following
	plan
	month
	Implement

	
	severe illness
	Rightness
	woman
	announce
	in the hospital
	hospitalize
	Close

	
	Unknown
	Osaka
	rapid
	detail
	man
	at the moment
	Woman

	
	Achievement
	number of people
	friend
	change
	Keio University
	identification
	Institution

	
	Osaka
	Lift
	sense of taste
	all
	maintenance
	in the prefecture
	Man

	
	Standard
	Rate
	colleague
	in the prefecture
	asymptomatic
	novel
	Consultation

	
	Stage
	Situation
	sense of smell
	consecutive
	suggestion
	today
	Symptom

	Identified topics
	standards for deregulation
	positive rate
	woman in Yamanashi Prefecture
	test results
	patient
	grasping the actual situation
	grasping the actual situation


*The URL of the latest COVID-19 situation map and number of people infected in Japan, data from private media.
Table 11 (B): Identified clusters in the category I-R
	Cluster
	8
	9
	10
	11
	12
	13
	14

	Top 10 frequent words
　
	get out
	say
	people
	antibody
	possibility
	prove
	false negative

	
	Symptom
	doctor
	quarantine
	think
	accuracy
	influenza
	false positive

	
	People
	spread
	think
	positive rate
	low
	OK
	Overlook

	
	Result
	citizen
	get tested
	grasp
	high
	reinstatement
	Happen

	
	get tested
	few
	Japan
	kit
	false negative
	*
	Reason

	
	Think
	quarantine
	necessary
	immunity
	false positive
	other
	a large amount

	
	Reaction
	think
	patient
	problem
	people
	Talk
	Explosion

	
	Homecoming
	slight illness
	medical
	sensitivity
	meaning
	**
	Gimmick

	
	medical
	Japan
	many
	another
	antibody
	report
	Problem

	
	hospital
	overlook
	expand
	cause 
	case
	Kit
	Diagnosis

	Identified topics
	
	
	
	other tests
	probabilistic topics
	
	false results


*, **The name of a doctor who provides his opinion about PCR tests in mass media.

Table 12 (A): Identified clusters in the category I-N
	Cluster
	1
	2
	3
	4
	5
	6
	7

	Top 10 frequent words
　
	osteopathy
	emergency
	collapse
	expand
	few
	identification
	steps

	
	golf
	state
	medical
	prevention
	many
	Wuhan
	quarantine

	
	Yamanashi
	declaration
	engagement
	Kyoto
	Japan
	practice
	citizen

	
	come out
	lift
	expand
	original
	fatality
	novel
	Tokyo

	
	woman
	extension
	institution
	contact
	people
	#ldnews
	month

	
	homecoming
	self-restraint
	prevent
	target
	decease
	metropolitan area
	implement

	
	saliva
	Abe
	increase
	cough
	world
	residents
	now

	
	specimen
	interview
	clinical environment
	acceptation
	compare
	golf
	antibody

	
	practice
	government
	Japan
	fear
	South Korea
	example
	grasp

	
	MHLW
	grasp
	in the hospital
	mucus
	Europe and America
	woman
	rise

	Identified topics
	woman in Yamanashi Prefecture
	state of emergency declaration
	overwhelming hospitals
	
	quantity
	
	preventing the spread of infection



Table 12 (B): Identified clusters in the category I-N
	Cluster
	8
	9
	10
	11
	12
	13
	

	Top 10 frequent words
　
	major
	think
	doctor
	say
	get out
	get tested
	

	
	government
	Japan
	hospital
	people
	result
	people
	

	
	increase
	antibody
	necessary
	get out
	symptom
	get out
	

	
	meeting
	people
	patient
	rise
	bus
	homecoming
	

	
	Japan
	rise
	medical
	increase
	highway
	result
	

	
	few
	steps
	judgment
	now
	homecoming
	woman
	

	
	decrease
	few
	health center
	think
	wait
	sense of taste
	

	
	correspondence
	increase
	in the hospital
	South Korea
	Yamanashi
	symptom
	

	
	say
	situation
	think
	citizen
	BBQ
	Yamanashi
	

	
	Abe
	meaning
	people
	get tested
	friend
	self-restraint
	

	Identified topics
	Japan and specialists
	
	medical
	
	test results
	get tested
	



Table 13 (A): Identified clusters in the category N-R
	Cluster
	1
	2
	3
	4
	5
	6
	7

	Top 10 frequent words
　
	identification
	grasp
	News
	implement
	Tokyo
	false negative
	people

	
	discharge
	Mainichi Shimbun
	for the first time
	month
	Osaka
	false positive
	quarantine

	
	times
	government
	#Yahoo
	number
	positive rate
	accuracy
	many

	
	woman
	collection
	NHK
	number of people
	Yoshimura***
	problem
	say

	
	consecutive
	rightness
	airing
	year
	truth
	get out
	symptom

	
	inform
	MHLW
	Online
	update
	inhabitant of prefecture
	sensitivity
	get tested

	
	flu
	national
	Yomiuri Shimbun
	announce
	take out
	Say
	Japan

	
	reaction
	prefectures
	Yahoo!
	at the moment
	**
	specificity
	necessary

	
	pneumonia
	agree
	domestic
	Tokyo
	governor of Osaka
	probability
	know

	
	know
	circumstances
	difficult
	*
	suggestion
	high
	false negative

	Identified topics
	
	grasping the actual situation
	News
	grasping the actual situation
	cities, positive rate
	false results
	


*The URL of ranking of prefectures in terms of the number of people tested and the number of persons with positive results in Japan, data from private media.
**The name of a Japanese famous comedian who mentions PCR tests.
***The name of the governor of Osaka.

Table 13 (B): Identified clusters in the category N-R
	Cluster
	8
	9
	10
	11
	12
	
	

	Top 10 frequent words
　
	say
	Think
	hospitalize
	get tested
	result
	
	

	
	Japan
	get out
	hospital
	*
	get out
	
	

	
	quarantine
	people
	symptom
	prove
	get tested
	
	

	
	antibody
	say
	home
	issue
	homecoming
	
	

	
	accuracy
	now
	patient
	**
	woman
	
	

	
	high
	Japan
	medical
	relief
	Yamanashi
	
	

	
	 be done
	flu
	stay
	citizen
	front
	
	

	
	necessary
	reaction
	fever
	pain
	bus
	
	

	
	increase
	see
	get tested
	everyone
	sense of taste
	
	

	
	determination
	many
	consecutive
	say
	go home
	
	

	Identified topics
	
	
	medical
	testing for all
	test results
	
	


*, **The name of a Japanese famous actor who mentions PCR tests.



Table 14 (A): Identified clusters in the category N-N
	Cluster
	1
	2
	3
	4
	5
	6
	7

	Top 10 frequent words
　
	kit
	Japan
	news
	health center
	get tested
	people
	say

	
	inquiry
	automatic
	#Yahoo
	doctor
	people
	say
	few

	
	month
	disgrace
	Yahoo!
	private
	symptom
	think
	Kato*

	
	Asahi shimbun
	system
	NHK
	accept
	get out
	necessary
	Morning Show

	
	criterion
	shimbun
	inquiry
	maximal length
	result
	symptom
	get out

	
	implement
	economy
	smart
	Osaka
	go
	many
	MHLW

	
	possible
	France
	criterion
	hurry
	hospital
	get out
	fatality

	
	digital
	insufficient
	Y!
	expansion
	home
	asymptomatic
	criticism

	
	center
	introduction
	delete
	outsource
	say
	see
	front

	
	antibody
	suppression
	review
	edit
	think
	know
	South Korea

	Identified topics
	
	the number of PCR tests performed in Japan is fewer than in other countries
	news
	medical
	get tested
	
	


*The name of the current Minister of Health, Labour and Welfare.

Table 14 (B): Identified clusters in the category N-N
	Cluster
	8
	9
	10
	11
	12
	13
	

	Top 10 frequent words
　
	think
	medical
	increase
	Major
	be done
	Abe*
	

	
	antibody
	collapse
	medical
	Problem
	automatic
	now
	

	
	say
	engagement
	collapse
	Meeting
	think
	necessary
	

	
	different
	institution
	think
	Cry
	Japan
	citizen
	

	
	see
	clinical environment
	say
	Want
	use
	few
	

	
	result
	structure
	can increase
	*
	say
	government
	

	
	CT
	hospital
	talk
	Toyokeizai
	people
	Japan
	

	
	probably
	relationship
	Japan
	transmission
	why
	think
	

	
	students
	severe illness
	reason
	Online
	now
	say
	

	
	get out
	citizen
	see
	Know
	no
	prime minister
	

	Identified topics
	
	overwhelming hospitals
	quantity
	Japan and specialists
	
	Japan and specialists, quantity
	


*The name of a doctor who was interviewed by an economics magazine.

Table 15: Ratios of tweets with the concepts in all the retrieved tweets and in each category
	
	All
	I-R
	I-N
	N-R
	N-N

	[A]
	0.36%
	1.26%
	0.40%
	0.60%
	0.25%

	[B]
	3.05%
	17.93%
	0.00%
	19.97%
	0.00%

	[C]
	1.11%
	2.16%
	2.87%
	1.59%
	0.55%

	[D]
	0.20%
	1.01%
	0.28%
	0.46%
	0.08%

	[E]
	9.18%
	24.04%
	17.78%
	15.60%
	5.14%

	[F]
	7.12%
	12.02%
	9.23%
	10.07%
	5.81%

	[G]
	1.70%
	11.84%
	0.00%
	10.36%
	0.00%

	[H]
	1.68%
	2.00%
	3.63%
	1.16%
	1.30%

	[I]
	2.79%
	2.67%
	4.21%
	1.98%
	2.60%

	[J]
	16.73%
	22.36%
	27.49%
	14.63%
	14.19%

	[K]
	5.64%
	11.26%
	12.34%
	6.83%
	3.51%

	[L]
	19.79%
	10.20%
	21.59%
	11.98%
	21.29%

	[M]
	20.57%
	20.46%
	25.03%
	17.02%
	20.12%

	[N]
	5.37%
	13.14%
	7.19%
	10.59%
	3.57%

	[O]
	7.79%
	9.89%
	8.22%
	10.89%
	7.05%

	[P]
	21.93%
	14.23%
	18.09%
	19.74%
	23.70%

	[Q]
	7.05%
	14.06%
	10.21%
	11.77%
	5.08%

	[R]
	3.25%
	5.04%
	3.58%
	6.73%
	2.48%

	[S]
	5.32%
	1.48%
	4.38%
	1.80%
	6.37%

	[T]
	1.04%
	0.29%
	0.93%
	0.23%
	1.24%

	[U]
	9.99%
	7.15%
	13.07%
	5.74%
	10.16%

	Without the above concepts
	22.94%
	11.00%
	12.23%
	17.26%
	27.16%
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