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. The obtained results provide empirical evidence that senior high school students can successfully engage in infodemiology, a multidisciplinary field through which it is possible to observe the health-seeking behaviors of people involved in social media and their attitudes toward health and illness. This study documents the feasibility of enhancing secondary students' statistical thinking and literacy through the engagement in big data analytics to monitor new infectious diseases such as the COVID-19.

Introduction

The interest in big data has been growing in many areas of today's society, including education. Big data (i.e., data that are too big for standard database software to process; [START_REF] Manyika | Big data: The next frontier for innovation, competition, and productivity[END_REF], represents a paradigm shift in the ways that we understand and study our world, and at the very least, it is seen as a way to better use and creatively analyze information for public and private benefit. In order to make sense of big data, it is necessary to explore large, complex and seemingly unrelated sets of raw data, looking for significant correlations and new and unanticipated connections among them, using artificial intelligence (AI)-driven data analytics platforms, powerful enough to handle data sets with sizes in the order of terabytes, petabytes and zettabytes [START_REF] Claverie-Berge | Solutions big data IBM[END_REF][START_REF] Glaser | Are you asking your data the wrong questions[END_REF]. These platforms are IT environments in which raw big data sets can be transnumerated under user request (i.e., converted into a new type of representation, within the platform restrictions, standards, and degrees of access) by AI [START_REF] Ferguson | Learning analytics: Drivers, developments and challenges[END_REF]. For example, search engines like Google and Google Trends use AI algorithms to analyze vast amounts of text online and determine, as quickly as possible, the most appropriate result for a particular search.

The concept of big data "refers to datasets whose size is beyond the ability of typical database software tools to capture, store, manage, and analyze" (Manyika et al., 2011, p.1). Additionally, big data is often associated with key characteristics that go beyond the question of size, namely the 5 Vs: volume, velocity, variety, veracity and value [START_REF] Storey | Big data technologies and management: What conceptual modeling can do?[END_REF]. Big data is dispersed among various platforms that operate with different standards, providers and degrees of access [START_REF] Ferguson | Learning analytics: Drivers, developments and challenges[END_REF]. For example, a lot of work in big data focuses on Twitter, the blogosphere, and search engine queries. All of these activities are not undertaken equally by the whole population, which raises concerning issues around the question of whose data traces will be analyzed using big data.

Big data is opportunistic data (i.e., data already collected by others, not through personally-planned processes conducted by the user, and hosted somewhere). One way in which big data can be converted into a new type of knowledge is through machine learning, which is an automated process that extracts patterns from data using AI algorithms [START_REF] Kelleher | Fundamentals of machine learning for predictive data analytics[END_REF]. This approach to data analysis, the big data analytics, is an iterative and exploratory process of using advanced technologies and analytical techniques on big data to reveal critical information, such as hidden and/or meaningful data patterns, trends and associations, which are data-first answers, and then users will work backward to find the questions that should have been asked [START_REF] Claverie-Berge | Solutions big data IBM[END_REF][START_REF] Cumming | Trust and provenance in communication to eHealth consumers[END_REF][START_REF] Glaser | Are you asking your data the wrong questions[END_REF].

The big data analytics approach to data analysis is rarely, if ever, dealt with at school level [START_REF] Wild | What is statistics?[END_REF]. Instead, statistical thinking frameworks using a question-then-answer approach (e.g., such the PPDAC cycle), are commonly used when teaching statistics in the school. These question-thenanswer approaches focus on data gathered systematically for a purpose, using planned processes, and chosen on statistical grounds (e.g., random sampling) to justify certain types of inferences and conclusions. This is one of the most relevant criticisms to current statistical thinking frameworks, because analyzing opportunistic data requires statistical thinking processes that do not necessarily follow the line of thought sketched by models such as the PPDAC cycle [START_REF] Wild | What is statistics?[END_REF].

A framework for statistical thinking for the era of big data and AI

Addressing the aforementioned weakness of statistical thinking frameworks using a question-thenanswer approach was one of the aims of the "Inclusive Mathematics for Sustainability in a Digital Economy" (InMside) project, supported by the APEC Secretariat1 . One of the outcomes of the InMside project was a six-phase framework for statistical thinking for the era of big data and AI, describing how a big data user engages in statistical thinking with the support of an AI-driven platform [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF]. This framework understands statistical thinking as a cognitive process comprised of the following six phases2 .

• Big data quality assessment: Before engaging in creative discovery with big data, users must assess the quality of the big data at hand, in order to establish, among other things, from where the data came, how they were collected, and what instrument or questions were used to collect such data. In other words, this is a step in which the users assess big data's veracity (i.e., the assurance of quality or credibility of the collected data for the intended use).

• Patterns and relationships from data: Iteratively look for trends within big data sets, such as patterns and linear or nonlinear relationships between variables, with the support of an AIdriven data analytics platform (e.g., Google Trends), based on a particular interest. • Questions: Pose critical and worry questions, in order to find plausible explanations to the patterns and relationships found. These questions are not digging into data searching for specific metrics, as in the traditional data handling approach. • Objectives: Set objectives related to the posed questions, in order to analyze the data.

• Data mining: In order to achieve the objectives previously set, the user re-examines the data in the light of the objectives, explore old and new data sources, or introduce new variables for consideration, using AI, machine learning and statistics. • Designing: Provide ideas for new searches for trends within big data sets, based on the understanding of the past and present, and design plans and strategies for the future, based on the results from the data mining.

Using big data analytics to engage in infodemiology

Big data analytics allows data users and scientists to engage in a new research field known as infodemiology, which is the study of big data generated during a pandemic or other significant event that may impact public health, using web-based resources, in order to repurpose such data to inform public health and health policymaking [START_REF] Kurian | Correlations between COVID-19 cases and Google Trends data in the United States: A state-by-state analysis[END_REF]. During these times of COVID-19, using health-related data in a statistical investigation allow students to put into practice statistical thinking and big data analytics in the context of a real-life problem, as well as to fully experience statistical processes such as acknowledging, modelling of and reasoning about variability, data representation, data-driven argumentation, and informal inference [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF][START_REF] Watson | The practice of statistics[END_REF].

Research methodology overview

Participants and data gathering procedure

For this study, a task named "Use Google Trends to tell a data story" was developed by the author, with the support of a Grade 12 mathematics teacher working in a large public high school in Bangkok, who administered the task to her 24 students (9 boys, 15 girls) via Zoom in real time on September 13, 2021, in two 50-minute-long consecutive sessions. This task required students to look for stories told by COVID-19 data using Google Trends (https://trends.google.com). All the participants were already familiar with using Google Trends and Excel, stating the "what" and the "why" while making charts with the application, using the six phases of the framework for statistical thinking for the era of big data and AI [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF], and using and interpreting the COVID-19 Dashboard data from the Department of Disease Control of Thailand (https://ddc.moph.go.th/ covid19-dashboard).

The students, arranged in pairs, were placed in breakout rooms and engaged in solving the task after being instructed by the teacher. Students were not assisted in any way as to influence their responses.

When the task was completed, each group submitted their stories in a Word document to the teacher, including captures of Google Trends charts and any additional graphical representation or calculation made for the activity. A qualitative interpretive micro-analysis was used to analyze the data.

Summary of results: Yai and Nan's answer

In order to illustrate the potential of this activity to enhance secondary students' statistical thinking and literacy through the implementation of the six-phase framework for statistical thinking for the era of big data and AI [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF], this paper presents, as a case study, a description of the answer given by one pair of students (two girls nicknamed Yai and Nan). This was due to the rich answers that occurred in this pair and the fact that these answers were deemed to be typical of the ones that occurred in the other pairs. The analysis of the collected data will be presented in terms of the six phases of the aforementioned framework for statistical thinking [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF].

Big data quality assessment

The veracity of the big data to be used in this task was assessed by the researcher and the classroom teacher, who provided students with data from a trustful source (i.e., the Department of Disease Control of Thailand). Also, students were previously instructed to approach to big data analytics posing worry questions such as "Who created the source?" "What methodology did they follow in collecting the data?" "Did the data creators, or anyone else, summarize, edited or modified the data? Answers to these questions are necessary to assess and determine the veracity and quality of the data.

Patterns and relationships from data

Browsing news and media reports on the Internet, Yai and Nan found the date of the first confirmed case of COVID-19 in Thailand (January 12, 2020) and China (December 8, 2019). Then, they decided to set January 12, 2020 as the "Day Zero", and created a data set from December 8, 2019, until April 4, 2020, the date in which all commercial international flights were suspended in Thailand, and lockdown measures were implemented in varying degrees throughout the country. When asked why they named January 12 as "Day Zero", they answered that they learned from the movies that the first person infected by a disease is usually called "Patient Zero".

Using Google Trends, this group chose three keywords to observe the online health-seeking behaviors of Thai people involved in social media, in relation to COVID-19, over the selected time period. The keywords were the following: flu, fever, coronavirus. Figure 1 shows the evolution of the online search trends for these three keywords in Thailand during the chosen timeframe.
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Google searches for "coronavirus" Google searches for the three keywords Making a naked eye analysis of the graphs depicted in Figure 1, Yai and Nan mentioned that the general trends of the Google searches for each of the keywords of interest changed after the "Day Zero". In relation to this idea, they wrote the following:

Yai and Nan: General trends on each graph show that interest in Thailand for searching "flu" and "fever" in Google spiked in "Day Zero", but not for "coronavirus". The Google Trends graphs for "flu", "fever" and "coronavirus" were nearly parallel until January 26, 2020, when the searches for "coronavirus" started to increase, and more clearly from February 22, 2020, when the Google searches for "fever" and "coronavirus" increased in comparison to the searches for "flu". So, in order to write their data story, Yai and Nan explored sets of raw big data using Google Trends looking for patterns and connections, instead of digging into data searching for specific metrics. This approach provided them with data-first answers to questions they had not yet thought to ask.

Questions

Some of the questions posed by Yai and Nan, based on the patterns and relationships they found from their interpretation of Google Trends graphs depicted in Figure 1, are shown below.

• Why did the interest in Thailand for Google searching "coronavirus" started late in January 2020, almost two weeks after "Day Zero"? • Why did the Google searches for "fever" and "coronavirus" start to show a noticeable increase after February 22, 2020, in comparison with the Google searches for "flu"? • What happened in Thailand from March 13 to 25, 2020, that there was a common increase in the Google searches for "flu", "fever" and "coronavirus"? • Is there a relationship between the volume of Google searches for "flu", "fever" and "coronavirus" and the number of daily new COVID-19 cases reported in Thailand during that time period?

Then, from the data-first answers generated in the previous phase, Yai and Nan worked backward to find the questions that should have been asked. These questions can lead to the creation of more data representations in order to find explanations to the patterns and relationships previously found.

Objectives

After posing questions to arrive at insights about the patterns and relationships previously found, Yai and Nan, were able to set clear objectives to continue their data analysis, such as the following:

• To identify the reasons why the interest in Thailand for Google searching "coronavirus" started late in January 2020, almost two weeks after "Day Zero". • To identify the reasons why Google searches for "fever" and "coronavirus" started to show a noticeable increase after February 22, 2020, in comparison with the Google searches for "flu". • To determine what happened in Thailand from March 13 to 25, 2020, that there was a common increase in the Google searches for "flu", "fever" and "coronavirus". • To determine whether there is a relationship between the volume of Google searches for "flu", "fever" and "coronavirus" and the number of daily new COVID-19 cases reported in Thailand during that time period.

Data mining

In order to address the objectives previously set, Yai and Nan engaged in data mining. Data mining is the process of finding and extracting relevant data, previously unknown but potentially useful, in a heterogeneous data repository, using AI, machine learning and statistics [START_REF] Cumming | Trust and provenance in communication to eHealth consumers[END_REF]. In order to exemplify this phase in Yai and Nan's work, let us briefly address the objectives stated above.

Any verbal statement can be considered to be a hypothesis. Therefore, in the context of data mining, a hypothesis is an explanation of some phenomenon (e.g., a cause-effect relationship or a trend in data) that can be argued by the means of data analysis. Then, Yai and Nan hypothesized, in relation to the first objective, that the term "coronavirus" was not on most Thai people's health radars by that time. Yai and Nan confirmed this hypothesis when they found, through Google searches, that the terms "novel coronavirus" and "2019-nCoV" were mentioned by the World Health Organization (WHO) in their first situation report, published in January 21, 2020.

In relation to the second objective, Yai and Nan surfed the Internet to find plausible answers. They concluded the following:

Yai and Nan: It is very likely that the noticeable increase in Google searches for "fever" and "coronavirus" that started in Thailand after February 22, 2020, was due to the news of the 10 towns locked down in Italy, which was released on February 23, 2020, after as the number of reported cases in Italy grew from fewer than five to more than 150. Also, the Ministry of Public Health and the Department of Disease Control of Thailand had a daily broadcast to instruct population about COVID-19, and by that time thermometers were placed in most public spaces, so people were watching their temperature, since knew that "fever" was one of the most common symptoms of COVID-19. In relation to the third objective, Yai and Nan concluded, after surfing the Internet, the following: Yai and Nan: We think that the noticeable spike in Google searches for "flu", "fever" and "coronavirus" that happened in Before that, only one person had died of the virus in Thailand. In relation to the last objective, Yai and Nan used the data from the Department of Disease Control of Thailand to obtain the number of daily new COVID-19 cases reported in Thailand from "Day Zero" to April 4, 2020, and plotted them in Excel against the RSVs for each of their Google queries, which they downloaded from Google Trends. The results are depicted in Figure 2.

Pearson correlation coefficients were calculated between each Google query' RSV and the daily new COVID-19 cases in Thailand. On this matter, Yai and Nan wrote the following:

Yai and Nan: The Excel scatterplots revealed a moderate to strong relationship between the volume of Google searches in Thailand for "fever" and the daily new COVID-19 cases reported from "Day Zero" to April 4 ( r =√ 0.363 = 0.602 ). A strong relationship was found between the volume of Google searches in Thailand for "coronavirus" and the daily new COVID-19 cases reported during the chosen period (r =√ 0.6756 = 0.822). We interpret these results as evidence that, as the number of COVID-19 cases increased, Thai people's interest in searching information on "fever" and "coronavirus" also increased. However, the relationship between the volume of Google searches in Thailand for "flu" and the daily new COVID-19 cases reported during the chosen period was negative, because of the decreasing linear trend, and moderate (r = -√ 0.094 = -0.307). We think that when more was known about the nature of COVID-19, so agencies and Thai people got to know that COVID-19 wasn't a flu variety, then the volume of Google searches in Thailand for "flu" wasn't as large as the volume of Google searches for "coronavirus" or "fever", one of the most common symptoms of COVID-19. 

Designing

From all the insight and valuable knowledge Yai and Nan gained through engaging in the data mining phase (e.g., Thai people learning that COVID-19 was not a flu variety), they were able to design plans and strategies for the future, to generate value of some sort. For example, they suggested the creation of health education campaigns about COVID-19 using music and animated cartoons, so Thai people avoid considering COVID-19 as a flu variety, self-medication, and underestimating its symptoms.

Summary and implications

Google Trends is a proven AI-driven tool for evaluating people's information-seeking activities. If Google Trends is used to describe interest on health issues or health-seeking behaviors of people involved in social media, then we are engaging in infodemiology, which is the area of scientific research that focuses on scanning the Internet, publicly available data (e.g., public health and government databases) and other sources for user-contributed health-related data. This study reveals the benefits of engaging secondary students in infodemiology, through big data analytics using Google Trends, for their development of statistical thinking in this era of big data and AI. In fact, while engaged in data mining, Yai and Nan provided answers similar to those by [START_REF] Kurian | Correlations between COVID-19 cases and Google Trends data in the United States: A state-by-state analysis[END_REF].

Although this short description is far from exhaustive, the findings reported in this paper have practical implications for the teaching and learning of statistics, suggesting how an activity designed to engage students in infodemiology and big data analytics is particularly suited to support the development of statistical thinking for the era of big data and artificial intelligence through the implementation of the six phases of the big data analytics approach identified by [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF]. Even though the traditional question-then-answer approach can still be used to find answers when we have specific needs, when it comes to finding the most impactful ways to reveal stories from big data, people that let the data provide the questions first, as in the approach described by [START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF], Claverie-Berge (2012) and [START_REF] Glaser | Are you asking your data the wrong questions[END_REF], will get the best and more insightful results.

  Figure 1: Relative search volumes (RSVs) of the Google queries "flu", "fever", "coronavirus", and their simultaneous comparison, during December 8, 2019 to April 4, 2020 in Thailand
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 2 Figure 2: Scatterplots of the daily new COVID-19 cases reported in Thailand from January 12 to April 4, 2020, as a function of the RSVs of the Google queries "flu", "fever", and "coronavirus"

  Thailand from March 13 to 25, 2020, was mainly because of the state of emergency to control COVID-19 declared by the Thai Prime Minister and Cabinet on March 17, to become effective on and from March 26 to April 30, 2020. This measure prohibited entering into Thailand, entering in crowded areas and places at risk of COVID-19 infection, gatherings of many people, and only certain businesses were allowed to open. Also, on March 22, Thailand reported 188 new COVID-19 cases, the largest single-day rise until then, and the first time that more than 100 new cases were reported. Another possible reason could be the announcement of the death by COVID-19 of four Thai nationals on March 24.

For more information, please refer to https://aimp2.apec.org/sites/PDB/Lists/Proposals/ DispForm.aspx?ID=2247

For detailed information on this framework, the interested reader may consult the article by[START_REF] González | Statistical thinking for the era of big data and artificial intelligence: Toward understanding sustainability trends and issues for the future society[END_REF].