-

sciences

education

Article

Beyond Geospatial Inquiry—How Can We Integrate the Latest
Technological Advances into Geography Education?

Jongwon Lee

check for
updates

Citation: Lee, ]. Beyond Geospatial
Inquiry—How Can We Integrate the
Latest Technological Advances into
Geography Education? Educ. Sci.
2023, 13,1128. https://doi.org/
10.3390/educsci13111128

Academic Editor: Francisco

D. Guillen-Gamez

Received: 14 September 2023
Revised: 8 November 2023
Accepted: 9 November 2023
Published: 13 November 2023

Copyright: © 2023 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Social Studies Education, Ewha Womans University, Seoul 03760, Republic of Korea;
jongwonlee@ewha.ac.kr

Abstract: In geography education, geospatial technologies have been actively researched and widely
used in combination with classroom inquiry and fieldwork. Recently, emerging data sources and
technologies, such as open data, big data, and Artificial Intelligence (AI), are now gaining attention
for their educational potential. In this study, both existing and emerging data and technologies
are combined and grouped into four categories: (1) Geospatial Web service, (2) open data and big
data, (3) fieldwork using Geographic Information Systems (GIS), (4) Al and coding. And based
on these, geospatial inquiry activities for learning high school Korean Geography were developed.
Learning to use these data sources and technologies is expected to equip students with essential 21st
century skills.

Keywords: geospatial technology; geospatial inquiry activities; open and big data; geospatial web
service; artificial intelligence (AI)

1. Introduction

Traditional school education has been criticized for not adequately reflecting the
changes in society. The ongoing digital transformation, which affects both social and
economic realms, exemplifies this trend. The teaching of geography, when delivered in
an outdated manner or devoid of real-world relevance, faces criticism for not sufficiently
equipping upcoming generations with the necessary skills and competencies, as noted
by Lee [1].

In geography education, geospatial technologies have been actively researched and
are widely used in combination with inquiry in the classroom and fieldwork. The term
“Geospatial Technology” (GST) encompasses a variety of modern tools that contribute to
the mapping and analysis of Earth and human societies [2]. Geospatial Web services based
on web-mapping technology and fieldwork using Geographic Information Systems (GIS)
are typical examples [3-6]. Geospatial technologies are often used in combination with
the inquiry approach, and the term “geospatial inquiry” has been used to indicate inquiry
involving the analysis of geospatial data. More specifically, it can be defined as the process
of addressing questions through the examination and communication of data linked to
specific geographic locations on, above, or near Earth [7].

In recent times, there has been a surge in new types of data and technologies, such
as open data, big data, Artificial Intelligence (AI), and coding, which has resulted in
a significant expansion of the available data and technological resources applicable to
educational settings [1,3]. Geographers are actively adopting these emerging technologies,
and new research fields have evolved, such as Geospatial AI (GeoAl), spatial data mining,
and geospatial data science [8]. It is worth noting that while these advancements have not
yet been fully integrated into geography curricula or classroom teaching practices, the field
of geography education has a longstanding tradition of utilizing geospatial technologies [9].
Consequently, there exists a distinct advantage in effectively employing these newfound
technological tools.
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In response to the digital transformation driving societal shifts, Korea’s Ministry of
Education [10] took proactive measures in revising the national curriculum in 2022 to
underscore students’ proficiency in digital skills. As part of this process, the high school
subject Korean Geography was redefined as a career development track to support students
in shaping their future professional paths. This study assumed that the use of GST, which
has been widely employed in geography education, and the incorporation of emerging
data and technological competencies both align with the characteristics of career-oriented
education, as stipulated by the Korean Ministry of Education [11].

The goal of this study is to design geography student activities that reflect recent
changes in data sources and technologies, such as open data, big data, and Al To this end,
new data and technologies have been identified in the context of geography education,
and inquiry activities, called “geospatial inquiry activities”. This effort can be viewed as a
meaningful step towards embracing the digitization of geography education, as it seeks to
adapt and respond to the evolving landscape of data and technology.

2. Current and New Types of Data and Technology in Geography Education
2.1. Geospatial Web Service

With the advent of GIS in the 1990s, many geography education researchers came
to believe that GIS would revolutionize the way geography was taught in schools [12,13].
Although this prediction seemed premature in the early 2000s, it is now becoming a reality,
and it is primarily driven by advancements in technology called “Geospatial Web service”.
It is defined as “. .. a mix of Internet-embedded geospatial technologies that support the
blending of formal spatial databases and informal user-generated data and provides a
number of robust tools and techniques particularly suited for use in local education and
community outreach” [4] (p. 63). This technology allows users to search, visualize, and
analyze spatial data as effortlessly as they use a web browser. Its user-friendly nature
and its ability to deliver expert-level results make it a promising tool for educational
applications [3,14,15]. Google Maps and Google Earth are prime examples of such services.

Harris et al. [4] outlined four key reasons for the significance of the Geospatial Web
in local geography education: Firstly, it enables the creation of personalized web maps
without substantial time and effort, thereby allowing students and educators to engage
in mapping even with basic setups and increased internet access. Secondly, students can
seamlessly integrate their spatial data into web mapping platforms, thus transforming
themselves into citizen sensors who contribute to a global geographic data framework by
merging grassroots and expert GIS data. Thirdly, the Geospatial Web supports local studies
by capitalizing on students’ experiential knowledge, which fosters a hands-on approach
to geography and bridges practical and theoretical perspectives. Lastly, it caters to the
collaborative learning preferences of the new generation by fostering a social networking-
oriented educational environment.

The surge in online spatial data has also been facilitated by Geospatial Web services [16].
For example, in Korea, the statistical geographic information service [17], which is managed
by Korea’s National Statistical Office, offers statistical maps on 180 topics that range from
population demographics to environmental data. Users can utilize basic functions like
zooming and measuring, and they can choose from various map visualization techniques.
Additionally, the “My Village Commercial Area Analysis Service” [18] by the city of Seoul’s
administration provides an exploration of the city’s commercial sectors. The Korea Research
Institute for Human Settlements presents the “Living Infrastructure Deficiency Index” [19],
which describes the availability of essential facilities (i.e., SOC). These Geospatial Web
services also grant access to diverse aerial and satellite images and enhance the scope of
geography lessons. Aerial and satellite images illustrate changes in land use over time.
Moreover, they provide a view of areas for which only sparse data are available, like
North Korea [1].
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2.2. Fieldwork Using GIS

GIS is a tool that captures, stores, checks, integrates, manipulates, analyzes, and
displays data related to positions on the Earth’s surface. When combined with fieldwork,
GIS offers a powerful means to gather, manage, and interpret spatial data. The integration
of GST with devices that are interconnected via Wi-Fi offers numerous advantages over
traditional fieldwork methods [20]. The key benefits of this integration include:

e Diverse Data Collection: The GIS integration facilitates the acquisition of various data
formats, including images, sounds, and videos, and paves the way for diverse outdoor
survey activities [21-23].

e Automated Location Tagging: The technology automatically logs the location of the
data, allowing for an immediate representation of spatial distributions, patterns, and
data interrelationships [24,25].

e Collaborative Data Collection: As students’ devices are interconnected, data that
are inputted by one student become instantly available to their peers, which fosters
collaborative data gathering [6,26].

e Immediate Data Storage and Analysis: Data are stored as they are being collected,
enabling various spatial analyses, such as density and correlation analysis, upon
returning to the classroom [20,27].

In Korea, community mapping, a technology-driven outdoor survey activity that is
suitable for secondary schools, is gaining attraction [28]. Community mapping involves
the collaborative creation of a map focused on a specific topic or interest. While community
mapping traditionally improved the scope and completeness of maps due to individuals
uploading data from different regions, in a secondary school setting, classmates collaborate
on topic selection, data collection, and outcome sharing. Some examples include the
mapping of crime hotspots, areas littered with cigarette butts, locations where stray cats
are frequently spotted, or even areas where nocturnal fireflies can be mapped.

2.3. Open Data

Open data are “digital data that is made available with the technical and legal charac-
teristics necessary for it to be freely used, reused, and redistributed by anyone, anytime,
anywhere” [29]. These data are typically provided by governments, organizations, and
various agencies with the intention to enhance transparency and accessibility. Making data
accessible to a broad audience, including citizens, researchers, businesses, and policymak-
ers, paves the way for informed decision making and spurs innovation. These practices are
instrumental in bolstering transparency, fostering evidence-driven governance, and fortify-
ing democratic values [30]. Examples include real-time traffic updates, health services, and
environmental data [31].

In Korea, several governmental bodies have embraced this initiative. The Korea
Meteorological Administration, for instance, offers a plethora of weather-related data,
including regional temperatures, precipitation rates, and heat wave occurrences, via its
open meteorological data portal. Seoul City shares information on public bicycle usage,
parking facilities, transportation card statistics, and water management. The Ministry
of Agriculture, Food and Rural Affairs provides data on livestock, agricultural statistics,
origin tracking, and farming trends. Furthermore, the Korean government has launched a
comprehensive public data portal that aggregates data at various institutional levels. These
datasets, which are presented by government agencies and public institutions, come in
various formats like CSV, JSON, XML, and API. A notable example is the Government
Open Data Portal [32], which houses more than 3000 diverse datasets.

However, a review of existing literature reveals a disparity in the utilization of open
data, despite its potential educational and innovative benefits [33]. Although students of
higher education are the primary users, there is a clear gap in its adoption within public
schools. This underutilization stems from the limited awareness of the educational potential
of open data and lack of easily accessible, educationally pertinent datasets available on
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open data platforms. Educators often remain uninformed about the available datasets and
their potential integration into teaching methodologies [31].

2.4. Big Data

Big data refer to large-scale data generated in the digital environment that are mas-
sive and have a short generation cycle [34]. As society undergoes digital transformation,
individuals inadvertently produce significant amounts of data with the use of a variety of
devices and platforms. Activities such as social media interactions, e-commerce transac-
tions, YouTube viewing, and data from Internet-of-Things (IoT) sensors like CCTVs and
car navigation systems all contribute to this deluge of data. Entities like governments
and companies employ big data to anticipate customer behaviors or manage crises. For
example, Amazon amasses extensive user data about purchasing patterns, online durations,
product reviews, and even estimations of income based on billing addresses. Given the
locational correlation inherent in much of these data, Kerski [35] described our society as
“geo-enabled”.

The integration of novel data forms, including big data, into educational settings
is gaining attention [30,36,37]. Since a vast amount of data are available through the
internet, students must be able to understand big data and their use to be active citizens
and learners [38]. The Innovating Pedagogy 2017 Report included “big-data inquiry” as one
of the innovative trends that have the potential to provoke major shifts in educational
practice [39]. When data become overwhelmingly large in terms of volume and complexity,
innovative techniques are needed to extract meaning from the data and transform them into
valuable information. For big data processing, analysis, and visualization in geography,
tools like Excel, programming languages like Python and R, and GIS software such as
ArcGIS and QGIS are often used. Python and coding tend to be widely emphasized at the
national level and in education, as they are considered to be important future competencies
in the curriculum. However, they are difficult to learn; therefore, it is not easy to use them
in subjects like geography other than information technology subjects [40].

2.5. Al and Coding

Al, particularly generative Al, is emerging as a pivotal tool in the era of digital
transformation. ChatGPT, which is a prime example of generative Al, utilizes deep learning
methods like neural networks to analyze extensive data and produce content that resembles
its input [41]. Users can engage in dynamic, ongoing conversations with ChatGPT and can
extract the desired information through these interactions.

Generative Al has been rapidly infiltrating schools and education. Generative Al
is suitable for inquiry-based learning that covers the process of collecting, analyzing,
and visualizing data during geography classes [42]. Al has the potential to enhance
all facets of geography education [9], and it is especially adept at teaching structured
knowledge domains like coding. Given the perceived complexity of coding relative to
its societal significance, the assistance of Al could be a game changer [43]. For instance,
using generative Al, one can extract article titles or images from search results, present a
century’s worth of temperature data for a specific location, and even generate Python code
that predicts future climate patterns. Additionally, AI tools like DALL-E can craft unique
images based on input, which enables the design of symbols or emblems that encapsulate a
region’s identity [42].

At the same time, there are aspects one should be careful about using Al for geography
learning. Conducting research using Al still requires the skill to formulate questions and
interpret the responses from ChatGPT. In problem solving with Al, the capability to pose
pertinent questions is vital, and a foundational understanding is essential to accurately
interpret the answers [44].
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3. Pedagogical Connection

The data and technology covered in this study are not completely different from the
spatial data and GST that have been mainly dealt with in geography education research [30].
Therefore, existing educational approaches can be helpful in integrating new data and
technologies for geographic learning.

3.1. Geospatial Inquiry

When geography education is combined with GST, it typically adopts strategies that
are rooted in constructivist approaches, including project-based learning, problem-based
learning, inquiry-driven approaches, and context-specific scenarios [6,28,45-47]. Among
these approaches, inquiry-based learning is the most prevalent, and the reasons for this
preference are outlined below.

e The nature of geospatial data: Geospatial data inherently involve the exploration
of spatial patterns, relationships, and phenomena. Inquiry-based learning, which
emphasizes questioning and discovery, aligns perfectly with the exploratory essence
of geospatial data [20,45,48].

e  The promotion of active engagement: Geospatial technologies, such as GIS, demand
hands-on interaction. Inquiry-based learning ensures that students are actively en-
gaged and are using the technology to investigate real-world issues rather than pas-
sively absorbing information [6,49-51].

e  The development of critical thinking: Geospatial data can be intricate and multifaceted.
Inquiry-based learning encourages students to critically analyze, interpret, and draw
conclusions from the data, which fosters a deeper understanding and the development
of analytical skills [47].

e Real-world application: Geospatial technologies are often used to address tangible,
real-world challenges. Inquiry-based learning emphasizes problem solving in authen-
tic contexts and makes the learning experience more relevant and impactful [5].

e  Skills enhancement: Working with geospatial technologies equips students with a
range of skills, from data collection to visualization. Inquiry-based learning provides
a structured environment in which students practice and refine these skills through
iterative exploration [6,47].

e Interdisciplinary connections: Geospatial questions often bridge multiple disciplines.
Inquiry-based learning places an emphasis on holistic understanding that allows
students to see the interconnectedness of different fields, from environmental science
to urban planning [5,45].

Utilizing GST for inquiry is often referred to as “geospatial inquiry”. Geospatial
inquiry typically involves asking geographic questions, collecting relevant spatial data,
analyzing patterns and relationships, and drawing conclusions based on the spatial con-
text. It involves using various technologies and tools, such as GIS, remote sensing, and
spatial data analysis, to analyze and interpret spatial data to gain insight, solve problems,
and make informed decisions. Web-based GIS, which facilitates mapping and analysis
using a web browser, stands out as especially beneficial for geospatial inquiry [52,53].
A prime example of web-based GIS-driven inquiry is ESRI’s geo-inquiries [54], which
operates in ArcGIS Online. Geo-inquiries cover diverse topics that include globalization,
population dynamics, language distribution, migration patterns, and urban density.
Each geo-inquiry offers standards alignment, a link to the web map, the five-stage in-
quiry process, activity extensions, and a feedback URL. Geospatial inquiry is used in
fields like geography, environmental science, urban planning, and others to understand
and address spatial issues and phenomena.
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3.2. Inquiry Models

Some inquiry models have been developed for specific purposes. For example,
National Geographic’s [55] geo-inquiry process comprises five steps that are carefully
crafted to cultivate essential skills for thinking and reasoning geographically. These
steps include formulating geo-inquiry questions, gathering geographic information,
organizing, and analyzing the collected data, and using this valuable information to
address geo-inquiry questions, which would ultimately lead to informed decision mak-
ing and action. Krajcik et al. [56] highlight the intricacy of the inquiry process within
project-based science classrooms. They propose that, in contrast to the linear nature
of the stepwise scientific inquiry method, inquiry is a multifaceted process in which
various factors interact in complex ways. The authors identify five key aspects of inquiry:
(1) asking questions; (2) devising investigation and planning procedures; (3) constructing
apparatuses and conducting investigations; (4) analyzing data and drawing conclusions;
(5) collaborating and presenting findings.

In theory, inquiry can be visualized as a continuum that incorporates varying
levels of student and teacher participation, along with different strategies of approach.
Several frameworks have been proposed to distinguish the degrees to which teachers
can facilitate the involvement of learners in constructing knowledge. For instance,
“structured”—"guided”—"open” represents a progression away from teacher-controlled
learning. A “structured” approach to inquiry-based learning involves teachers selecting
questions, data, activities, and conclusions, while tightly controlling the knowledge
outcomes. By comparison, a “guided” approach involves teachers guiding students in
constructing geographical knowledge, but with limited intervention. Finally, an “open”
approach allows students to decide which questions to investigate under the guidance of
a teacher, who provides support and direction as the students identify suitable methods
and procedures and draw their conclusions. Generally, when students are tasked with
using unfamiliar technology for their research, it is advisable for teachers to structure
the inquiry process and offer enhanced guidance and support [45,50].

3.3. Considerations for Incorporating New Types of Data and Technologies into Geospatial Inquiry

In this study, we aim to develop inquiry activities based on open data, big data, and
Al technologies, which have recently been attracting attention, and on the Geospatial
Web and GIS-based fieldwork that is currently being used in geography education. We
call these “geospatial inquiry activities,” which are organized into five steps: (1) asking
questions; (2) planning; (3) collecting data; (4) presenting and analyzing; (5) concluding
and reflecting.

The following are considerations in developing geospatial inquiry activities. First, it is
crucial to recognize the roles of new data and technologies in geospatial inquiry and their
contributions to the inquiry practice. Each data and technology was considered to function
as a cognitive tool in the students” inquiry process. Cognitive tools refer to technologies
that augment human cognitive abilities during processes like thinking, problem solving,
and learning [57]. Specifically, it was designed to clearly reflect the characteristics of the
data and technology being used, rather than the general characteristics of the five stages of
inquiry learning (Table 1). To accomplish this, a thorough and educational comprehension
of the functions and attributes of each data source and technology is essential. For example,
open data, big data, and Geospatial Web services serve as data sources for inquiry, whereas
Al excels in guiding and facilitating the inquiry process. Open data are typically available
in their raw form and are primarily utilized in the data collection or analysis stage. In
contrast, the Geospatial Web service presents data in diverse formats, including statistics,
charts, and interactive maps, offering the flexibility to be employed across various stages
of inquiry. Moreover, when students engage in fieldwork using GIS, it delivers a more
authentic and comprehensive experience that other types of data cannot provide.
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Table 1. Utilization of data and technology at each stage of geographical inquiry.

Stage of Inquiry Geossiivh;IeWeb Fieldwork Using GIS Open And Big Data Al and Coding
Use maps of Geospatial Use examples of Request that Al

Asking questions

Web services to arouse
curiosity and create
questions.

fieldwork using GIS to
spark curiosity and
formulate questions.

Use research cases to
ignite curiosity and
generate questions.

provides a list of
geographic questions
for investigation.

Practice the data
collection process using

Practice the data
collection process
out-of-doors using GIS.

Engage in the steps of
locating, downloading,

Request the necessary

Planning a sample Geospatial Determine what data VISL.lahzmg’ and dat.a or data

Web. need to be collected analyzing :?ample open collection method.
out-of-doors. and big data,
Seadrch, elx trzc;ciland Collect the necessary
Search and record the Collect data in fields nece;)sv;]? ooa on fla ta data using Al’s

Collecting data necessary data in using GIS-based Find aybip data ' machine learning
Geospatial Web. collection tools. & . functions, such as

platform that contains social data

the required data. ’

Presenting and
analyzing

Visualize, analyze, and
synthesize thematic
maps, aerial/satellite
photographs, and
graphs obtained from
Geospatial Web.

Analyze the collected
data using GIS
visualization and
analysis tools.

Use programs (like
Excel, Python, QGIS, R,
etc.) to visualize and
examine open or
big data.

Request statistical
analysis methods for
the collected data.
Run coding that
employs Al to
visualize, analyze, and
predict data.

Concluding and
reflecting

Create and share the
outcome using the
map-making feature of
the Geospatial Web.

Construct and share the
results of fieldwork
through different
methods, such as story
maps or posters.

Answering questions
and identifying
additional usable data.

Compare the results
with prior research
achievements using Al

Second, facilitating access to data is crucial. Although research has confirmed that
the incorporation of new technology, such as open data and big data, can bring about
substantial change in classrooms, teachers are unfamiliar with the spectrum of data that are
accessible on the Internet and their applicability within the teaching context [31]. They sim-
ply lack information about openly available datasets and their potential use in geography
education. Coughlan (2019), who investigated the use of open data in education, mentioned
the following and emphasized the accessibility of appropriate data: “All interviewees noted
that finding good data for a purpose could be a substantial undertaking for educators or
learners” [30] (p. 399). In a similar vein, another study examined obstacles to using open
data in secondary school classrooms and found that both students and teachers faced
challenges due to limited literacy and resources [58].

Third, Korean students generally have a low level of understanding of inquiry and
lack experience in inquiry-based learning using data or technology. For instance, they
face difficulties in formulating appropriate inquiry questions. In addition, when there is
a need to gather data or information to answer questions, they rely heavily on search
engines like Google or Naver. Essentially, the lack of experience with inquiry within
their schooling leads to a deficiency in useful inquiry skills and strategies. Therefore,
the primary focus should be on students gaining standardized and correct procedures
through participating in structured inquiry, rather than offering them the chance to
independently conduct inquiry.
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4. Design Principles and Examples of Geospatial Inquiry Activities
4.1. Design Principles of Geospatial Inquiry Activities

In response to the national curriculum for Korean Geography: Inquiry Approach, a

set of student activities centered around geospatial data and technologies was created. The
guiding principle behind the development of these activities is outlined as follows:

Curriculum link: Inquiry questions are derived from the attainment objectives outlined
in the high school Korean Geography curriculum.

Purposeful approach: Geospatial inquiry serves the purpose of addressing questions,
solving problems, or explaining phenomena.

Utilization of geospatial data and technologies: Geospatial data and technologies serve
as cognitive tools to assist students in collecting, visualizing, and analyzing data.
Structured inquiry: Students are given the questions and the method of achieving the
results, but the goal is to provide students with an opportunity to contemplate solu-
tions to these questions, gather and evaluate data, and arrive at their own conclusions.
Delivery mechanism: The necessary information and data needed for inquiry ac-
tivities are accessed via the Internet. Nevertheless, rather than presenting data in
downloadable formats, they are offered as hyperlinks. This method fosters students’
involvement in limited searching and decision-making processes, rather than mere
file downloading.

Inspiration for career development: Engaging in geospatial inquiry and observing its
professional applications can inspire individuals to pursue careers in related fields.
Iterative development and modification: The process of refining and applying ac-
tivities to address issues that arise during classroom implementation is reiterated to
minimize challenges.

4.2. Examples of Geospatial Inquiry Activities

To provide a tangible understanding of the design principles, this article presents four

practical instances of geospatial inquiry activities. These examples are associated with
Geospatial Web services, big data and open data, fieldwork using GIS, and Al with coding,
respectively (Tables 2-5) (Figures 1-4).

Table 2. Example of geospatial inquiry activity focusing on Geospatial Web service.

e Analyze the types and characteristics of natural disasters that

Attainment objective occur mainly in Korea and local areas and investigate strategies

for mitigating these disasters using spatial information.

Inquiry questions

e Why are certain regions more vulnerable to natural disasters?
Which types of natural disasters pose a threat to our region?

Student tasks

o With the use of disaster-related Geospatial Web services,
students assess the nature and extent of vulnerability to
prevalent natural disasters in local areas. They collect, analyze,
and synthesize data from disaster-related spatial information
such as flood risk maps, landslide risk maps, forest wildfire risk
maps, occurrences of cold waves, occurrences of heat waves, etc.

o  Life Safety Map (https://www.safemap.go.kr/main/smap.do,
accessed on 31 August 2023).
. Forest Service National Forest Fire Forecasting System

Use of data and technologies (http:/ /forestfire.nifos.go.kr/, accessed on 31 August 2023).

. Meteorological Administration Meteorological Data Open Portal
(https:/ /data.kma.go.kr/cmmn/main.do, accessed on 31
August 2023).
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Table 2. Cont.

Key data collection,
analysis, and visualization process

Students collect and evaluate information on flood risk,
landslide risk, heat wave risk, and earthquake risk using the Life
Safety Map.

Students gather and assess forest wildfire risk through the
Forest Service spatial information.

Students collect and evaluate cold wave risk and yellow dust
risk information through the Geospatial Web of the Korea
Meteorological Administration.

By synthesizing the information, students identify the most
vulnerable natural disasters in their region and explore the
methods to manage them.

Table 3. Example of geospatial inquiry activity focusing on fieldwork using GIS.

Attainment objective

Explain the impact of the combination of mobility, mobile
technology, big data, and platform economy on the use of time
and space, and investigate the impact and problems of
mobility-sharing services on daily life.

Inquiry questions

What new challenges does personalized mobility create and what
are the alternatives?

Student task

Through surveys and fieldwork using GIS, students investigate
the usage patterns of personalized mobility (e.g., shared bicycles,
shared kickboards, etc.) as well as the problems that arise from the
increased adoption of these modes of transportation. By
employing an GIS data collection tool, they map the locations of
improperly parked shared kickboards, classify them by type, and
analyze distribution patterns of kickboards.

Use of data and technologies

Geospatial Web of TAAS (Traffic Accident Analysis System).
Open Data Portal (www.data.go.kr, accessed on 31 August 2023).

GIS-based data collection tools (e.g., G-DAM 1yand analysis
systems (e.g., PINOGIO ?2).

Key data collection,
analysis, and visualization process

Through the transportation-related Geospatial Web service
(TAAS), students identify the accident-prone areas related to
personalized mobility and investigate their geographical features.
Using GIS-based data collection tools, students investigate and
map spots where personalized mobility vehicles (e.g., electric
kickboards) are improperly parked (e.g., parked in the middle of
the sidewalk).

Students access location data for bus and subway parking lots
through the Open Data Portal and proceed to examine the
potential spatial correlation between the distribution of
improperly parked electric kickboards.

12 G-DAM and PINOGIO are the GIS-based field survey tools and data visualization analysis systems developed

for this study.
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Table 4. Example of geospatial inquiry activity that is focused on big data.

Attainment objective

Investigate the characteristics, creation process, and problems of hot
places, and suggest strategies for rejuvenating tourism with the use of
local resources.

Inquiry questions

What kind of information is essential to fostering tourism in our area,
and how can we acquire such information? What recommendations
can be made from the gathered information to enhance tourism
development in our region?

Student task

Students evaluate the current condition of local tourism and present
strategies for its enhancement. They compile and synthesize
area-specific tourism information from the tourism-related Geospatial
Web and investigate visitors’ perspectives about the area using a
social big data platform. A comprehensive evaluation report is then
compiled that draws upon the insights gained from the survey.

Use of data and technologies

Korea Tourism Data Lab (https://datalab.visitkorea.or.kr, accessed on
31 August 2023).

Sometrend (https://some.co.kr/, accessed on 31 August 2023).
Tourism Information on City Homepage.

Key data collection,
analysis, and visualization process

Through the tourism-related information provided by the Korea
Tourism Data Lab, students investigate the status (e.g., number of
visitors, length of stay, etc.) of tourism in the area.

Using big data (e.g., mobile communication data, car navigation
destination search information) provided by the Korea Tourism Data
Lab, students check the number of visitors by time and by the major
tourist attractions in the region.

Students investigate the visitors’ perception of the region through
social big data (e.g., Twitter, Instagram, blog) analysis through social
big data platforms (e.g., Sometrend).

Students check the content and timing of major festivals from the
tourism information on the City Hall website.

By synthesizing the collected information, students present strengths,
weaknesses, and opportunities for improvement by juxtaposing their
region with comparable tourism destinations.

Table 5. Example of geospatial inquiry activity focusing on open data as well as Al and coding.

Attainment objective

Explore significant concerns that are linked to electricity generation
based on various energy sources in Korea and put forth energy
strategies that are focused on attaining carbon neutrality.

Inquiry questions

What are the locations of renewable energy sources in Korea?

Student task

Students obtain wind turbine location data from the Open Data
Portal and utilize Al to create an interactive map through Python
coding that shows the wind turbine distribution. The spatial
distribution and pattern of the wind turbines in Korea are examined.

Use of data and technologies

Open Data Portal (www.data.go.kr, accessed on 31 August 2023).
Al (e.g., ChatGPT).

Coding platforms (e.g., Google Colab).

Environmental Spatial Information Service Renewable Energy Map
(https:/ /egis.me.go.kr/map/map.do, accessed on 31 August 2023).



https://datalab.visitkorea.or.kr
https://some.co.kr/
www.data.go.kr
https://egis.me.go.kr/map/map.do
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Table 5. Cont.

. Students find and download wind turbine location data in CSV file
format from the Open Data Portal.

. Students request the Python code that is capable of generating an
interactive map using Al for the wind turbine location data they
have downloaded.

. By implementing the Python code on Google Colab, students
analyze the distribution pattern of wind turbines.

e They contrast their findings with those derived from the renewable
energy-related Geospatial Web service.

Key data collection,
analysis, and visualization process
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Figure 1. Examples of geospatial information from Geospatial Web used to investigate local natural
disasters: Flood Risk Map (Top Left): This map depicts varying levels of potential flood risk,
differentiated by a range of colors. The intensity of the color indicates the severity of the risk.
Landslide Susceptibility Map (Top Right): This map shows the likelihood of landslides in different
areas, with color coding to distinguish between zones of varying susceptibility. Forest Fire Risk
Map (Bottom Left): This map identifies both recent forest fire locations and areas at high risk of
forest fires, using color differentiation to mark the affected and high-risk zones. Heat Wave Risk
Map (Bottom Right): This map presents regional differences in average summer temperatures, with
a color-coded approach to highlight areas at potential risk of heat waves.
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Figure 2. Locations of improperly parked electric kickboards were collected using a smartphone
(left), and their spatial patterns were analyzed (right).
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Figure 3. Visitor Credit Card Data Analysis (Top Left): This analysis of credit card usage by tourists
highlights consumption trends in different sectors such as food and beverage, shopping, and leisure
services. It offers in-sights into spending patterns by gender and age at tourist destinations, enabling
users to tailor marketing strategies or services accordingly. Car Navigation Search Data Compilation
(Bottom Left): By compiling data from car navigation destination searches made by visitors, this

approach allows users to identify and understand the evolving preferences for tourist spots. This
data can be instrumental in understanding trends and making informed decisions about destination
development or promotional activities. Social Media Mentions Analysis (Right): Using a social big
data platform, this tool enables the analysis of mentions on various social media platforms (blogs,
Instagram, Twitter) about travel to Mungyeong, Gyeongbuk. It provides valuable insights into public

perception and trends, useful for marketing, planning, and strategy development in tourism.
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Out[1l]:

import folium
import pandas as pd

# csv mtg g7/
data = pd.read csv('data.csv')

# A= 4y

map = folium.Map(location=[37.5, 127], zoom_start=7) # =& XES Z Y 4%

# Gl0jef EQIEZ X[zof =7t
for index, row in data.iterrows():
lat = row['lat']
lon = row['lon']
marker = folium.Marker (location=[lat, lon])
marker.add to(map)

map

# A= X

# map.save( 'map.html')
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Figure 4. This image illustrates a map of wind power plant locations in South Korea, generated using
Python code provided by an artificial intelligence tool, ChatGPT. The initial data for wind power
plant locations was sourced from the Open Data Portal and subsequently mapped using Google
Colab for visualization. This example demonstrates how publicly available data can be effectively
visualized through Al-assisted coding and collaborative platforms like Google Colab.

5. Discussion
5.1. Comparison with Other Geospatial Inquiry Projects

In order to accurately understand the inquiry activities developed through this study,
it is a good way to compare them with existing representative inquiry activities of similar
nature. ESRI’s geo-inquiry is the project that is most similar to this geospatial inquiry
activity. These two projects share numerous similarities: Predetermined inquiry questions, a
structured five-step process that begins with questioning, detailed explanations of necessary
spatial data and technologies, as well as strategies for sourcing them. However, although
ArcGIS Online serves as a platform for data organization, visualization, and analysis in geo-
inquiry projects, geospatial inquiry activities use a wider range of data and technologies,
which include open and big data, fieldwork using GIS, and Al and coding integration. In
contrast to the United States, the use of ESRI’s programs requires a fee in Korea, which is
another difference and a major limitation to use and spread (Table 6).



Educ. Sci. 2023,13, 1128

14 of 19

Table 6. Comparison between ESRI's geo-inquiry and “geospatial inquiry activities”.

, . Geospatial Inquiry
ESRI’s Geo-Inquiry Category Activities
Geospatial Web service Data and technology used Geospatlal Web SErVICE, open
. A and big data, fieldwork using
(ArcGIS online) for inquiry

GIS as well as Al and coding

Developed not only for
geography but also for history,
economics, mathematics,
and science.
Globalization, population
dynamics, language
distribution, migration
patterns, and urban density
are included in

Developed for High School
Korean Geography

Natural disasters, tourism,
energy, mobility, demographic

Scope and themes of inquiry change, concentration in the
metropolitan area, economic
structure, agriculture, change

in indicators, geopolitics,
North Korea, etc.

world geography.
Structured inquiry Types of inquiry Structured inquiry
Asking questions Asking questions
Finding data Planning
Exploring Process of inquiry Collecting data
Analyzing Presenting and analyzing
Acting Concluding and reflecting

5.2. Development of Geospatial Inquiry Activities and Digitalization of Geography Curriculum

As social studies and economics transition into digital domains, there is a growing
imperative for the education sector to undergo digitalization, as well. The COVID-19
pandemic has accelerated the need for digital transformation in education. Kim [59] argued
the teaching-learning space (environment), curriculum (contents), and teaching-learning
method (instructors) as key targets for conversion. Specifically, teaching and learning spaces
should fully support teaching and learning activities that use digital devices and materials
for students and instructors. The curriculum must be presented in a form combined with
Al and digital content, and instructors must be able to teach by integrating the curriculum
with EdTech.

Then, to what degree has the geography curriculum undergone digital transforma-
tion? Evaluations of the digitalization of curriculums are contradictory. Compared with
other subjects, the subject of geography is advantageous to the digital transformation
of a curriculum [9]. Using Google Earth to survey different parts of the world or using
street views to examine changes in a region is now a common practice in classroom
instruction. VR is replacing the experience of geographical fieldwork, and community
mapping activities that are related to local problem solving can be carried out using
smartphones with built-in GIS functions [6,20,60]. At the same time, we note that the
digitization of the geography curriculum is progressing slowly. Peter and Sprenger [61]
stated “Digitalization remains at a very general, not subject-specific level, with the excep-
tion of GIS and remote sensing, future modifications should sharpen the breadth of the
entire subject-specific potential” (p. 14).

This study seeks to present Peter and Sprenger’s [61] argument one step further. To
this end, it is necessary to re-establish Kim’s [59] three categories presented above in the
context of geography education: the learning environment, the technology and data utilized
in geography classes, the skills and thinking that demanded their effective use, and the
pedagogical expertise required for class planning and execution. Figure 5 illustrates the
evolution of each of these elements over time.
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Data and technologies

Skills and thinking

Teachers’ expertise

Classroom Computer labs Virtual learning / Hybrid learning
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PCK TPACK ] DAITPCK |
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Figure 5. Changes in geography education due to the digitalization process.

For example, in traditional geography classes, maps were an important teaching and
learning tool as well as material, and students were required to have spatial skills to use
them. About 2000 paper maps were replaced by GIS, and to support this, classrooms
were equipped with computers, and geography teachers were required to have the ability
to plan and teach classes using GIS along with various multimedia. PCK stands for
Pedagogical Content Knowledge, meaning the integration of pedagogical and content
knowledge necessary for teachers to effectively teach content to students. Later, TPACK
(Technological Pedagogical Content Knowledge) was a concept that was proposed by
integrating technology use knowledge into PCK as the importance of technology use in
classroom instruction was highlighted [62].

As GIS, which demanded specialized skills, became accessible on portable devices,
such as smartphones and tablets, and various data became accessible via Wi-Fj, its use in
school geography classes swiftly gave way to the Geospatial Web. Consequently, not only
did the variety and volume of utilized data expand, but costs decreased, and utilization be-
came more straightforward. Additionally, due to the impact of COVID-19, online education
and hybrid learning environments have eclipsed traditional learning spaces, coinciding
with the rise of seamless learning—encompassing learning at one’s preferred time and
place using personal devices.

More recently, novel data sources and technologies like open data, big data, and
Artificial Intelligence (Al) have surfaced, reshaping the content and methodologies of
learning, and even the nature of learning itself. In prior geography classes, specific data
or methods were typically recommended for problem solving, but now it is imperative
to transcend these established methods and explore alternative approaches facilitated by
newly available data sources and technologies. Furthermore, educators must possess the
capability to design the learning process and craft tasks while distinguishing their own
role from that of Al. Given that the evolving demands on educators extend beyond mere
technical aptitude, there is a need for DAITPACK: Data-Al Technological Pedagogical
Content Knowledge, which incorporates the educational utilization of open data, big data,
and AL

6. Conclusions

This study aims to explore the potential of integrating emerging data and technology
for the development of geographical inquiry activity. Although Geospatial Web services
and GIS-based fieldwork have been widely studied and adopted in educational settings,
the recent advances in open data, big data, and Al technologies have yet to be adequately
examined for their educational use and contributions. In pursuit of this, an inquiry-based
learning approach is suggested as an instructional method to integrate these technological
advancements into geography lessons. The study categorizes geospatial inquiry activities
into four main groups based on these data sources and technologies: Geospatial Web
services, fieldwork using GIS, open and big data, and Al combined with coding. This study
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shows examples of inquiry activities from these four categories that are aligned with the
high school Korean Geography curriculum. This study has significance as it is the first
study to present a framework that integrates emerging data and technology in current
school geography.

Next, what changes will the activities suggested in this study bring to the geography
classroom? Do you believe that as the data and technology available outside the classroom
change, so must the teaching and learning in the classroom? If the answer to this question
is Yes, it will not be difficult to think of an answer to the preceding question. Schooling has
always been criticized for failing to reflect the rapid changes in society. Although integrating
new data types and technology may not inherently broaden the scope of content or subjects
addressed in geography classes, they can significantly enhance how these topics are learned.
This enhancement will in turn result in a more nuanced understanding that is closer to
real-world scenarios, thereby equipping students with the essential proficiencies required
for navigating the complexities of the 21st century.

This study introduces the potential of using modern technologies like Al, big data,
and open data in geography education. It provides a solid argument and some initial
examples. However, the actual application of these technologies in the classroom has
not been accomplished yet. We have a vision for what technology-enhanced lessons
could look like, but the development and classroom testing of these lesson plans are
still pending. The gap between the innovative ideas presented in this research and
their classroom application is a current limitation of our study. Education often trails
behind technological innovation, and implementing new tech-based teaching methods
takes time—time to design the lessons, train teachers, and update educational policies to
accommodate these changes.

Several additional studies related to the results of this study have been requested.
First, research to verify the application and educational effects of classroom instruc-
tion using new data and technology should be undertaken. Next, as mentioned in the
Section 5, a theoretical framework is needed to explain the achievements of this study at
a conceptual level. As one such conceptual framework, this study suggested the digitiza-
tion of education, the digitization of the learning space, the digitization of the instructors,
and the digitization of the curriculum. The results of this study will be evaluated relative
to the digitization of the curriculum, and it may be possible to present new skills that
instructors should have.
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