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1. The GI Pedagogy Project

GI-Pedagogy (2019-2022) is a school education project funded under the KA2 cooperation for innovation
action of the Erasmus Plus programme (European Commission, 2019), that seeks to consolidate in a
coherent concept, structure, and set of outputs, the following three major elements, considered key for
integrating the use of GIS and spatial learning at a pan-European scale:

1) Theme: The project focuses directly on innovative pedagogy specifically applied to national curricula.
It responds to the need to train teachers how to integrate innovative GI Science pedagogy into their
lessons. It seeks to do this by developing essential teacher training resources. The project intends to
transform existing available knowledge, materials, concepts, and ideas into real training of young
teachers, with the further possibility for the professional development of existing teachers. To do this, GI-
Pedagogy builds on previous innovative work and also incorporates the latest web-based tools and
technologies.

2) Tools, Data, and Resources: GI-Pedagogy proposes to take advantage of the exciting and innovative
world of open data and open science, thus offering easy access to sources for schools and connecting the
school world with the real world (using official data and scientific results) and raising the pupils’
awareness of citizenship and data issues. The project will take advantage of the growing number of easy
to use web-based technologies becoming available online. GI-Pedagogy will use the innovative
technologies made available through the European Commission Digital Skills and Jobs Coalition initiative
(https://www.esri.com/en-us/school-program-europe/overview) and the pledge made by the leading
GIS software company ESRI to support schools across Europe (Esri, 2016).

3) Geographic Focus and Previous Initiatives: Some material has already been produced to help teach GIS
in schools; however, it has not been directed at initial teacher training, nor has it focused on new
teachers, with European relevance. Additionally, the GI-Pedagogy project will build resources with a
European focus and related to the Digital Skills and Jobs pledge. It builds on what has already been
achieved by various European projects:

- the Herodot Thematic Network for Geography (2000-2009) brought GI and spatial thinking to the
attention of many (Attard, 2010; Donert and. Charzynski, 2005). As a result of this project many other
initiatives were taken, one of them leading to the iGuess project, coordinated in Flanders.

- The iGuess project (2007-2010) trained teachers in the use of GIS (Zwartjes, 2009), and in developing
their own didactical materials using GIS. Although very successful (there are ongoing dissemination
activities) the partners involved noticed that for many teachers the lack of curriculum guidance,
including materials on GIScience, makes it difficult to fully integrate GIS in education.

- The digital-earth.eu network (2009-2013) focused on the development of a community of geomedia
learners (Donert, 2013; Lindner-Fally and Zwartjes, 2012; De Miguel and Donert, 2014), but this only
reached a specific group of teachers, educators, and those responsible for education.

- the GI-Learner project (2015-2018) created a spatial thinking competence model (Donert et al.,
2016) and a learning line with ready-to-use lessons (Zwartjes and Lazaro y Torres, 2019) for
secondary schools.

- the MYGEO project (2018-2021) aims at fostering the employability of students in higher education
through promoting the acquisition of key skills related to the use of Geographic Information Systems
(GIS) tools.

4) Educational Methods: If we want to bridge the chasm between the early adopters of GIS and the whole
educational community, the only effective strategy is to explore and encourage innovative approaches
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and furthermore to embed them in the process of initial teacher training. Promoting stronger coherence
in the curricula using GIS is one of the stepping stones that will allow more pupils to obtain jobs in the
growing geospatial industry, which has been expanding at more than 12% per annum over the past
decade and forecasts even stronger growth in the years to come (GeoBuiz, 2018) such that education and
training cannot keep pace with demand, leading to skills shortages and unfilled jobs.

The development of the GI-Pedagogy project was derived from: a) the results of the School on the Cloud -
Connecting Education to the Cloud for Digital Citizenship network project, which explored how education
should respond to Cloud Computing developments and how Cloud-based services can be used to improve
the quality of education and transform learning and teaching in schools (Koutsopoulos and Papoutsis,
2016); and b) the GI-Learner project, which established a competence model and framework (Zwartjes,
2018). These projects also demonstrated that leadership for change is needed as described by Camburn
et al. (2013), as the main issue today is no longer getting access to technology, but the capability to
establish meaningful web-based learning and teaching approaches.

The GI-Pedagogy project aims to explore learning and teaching by developing training and resources for
geography teachers. The highest-priority target group for the resources are those still in initial teacher
training, Newly Qualified Teachers, and those in their first full year of teaching, who according to
Christensen and Knezek (2017) are in the process of transitioning between educational environments - a
critical stage for technology integration.
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2. Introduction

Geographic Information Systems (GIS) are an innovative technology that uses Cloud Computing to deliver
a wide variety of different IT services related to geospatial information, data, and even multimedia (Lu et
al,, 2019). The Cloud has become a ubiquitous tool enabling digital administrative and operational
systems which can be established and used in real-time. The use of web-based applications on mobile
devices is expanding, and includes services such as email, information storage, file sharing, collaborative
tools, digital communication, and other services. Based on recently published guidance (Education
Endowment Foundation, 2019), the question has shifted from whether or not technology has a place in
the classroom to how technology can be integrated into the curriculum and especially into teacher
training (Curtis, 2019; Hohnle et al., 2016) and ensure that those trained to teach pupils recognise the
importance of web-based services in the wider world and in economic and social activities.

Technological advances have resulted in new paradigms and increasingly powerful tools for exploring

spatial relationships, but much less attention has been directed at methods and strategies used to teach.
“the process of acquiring knowledge and skills within learning processes should not produce passive
knowledge and isolated skills and abilities, but should instead result in applicable knowledge and
integrated skills and abilities in a real-world context” (Hartig and Klieme, 2007, p. 13).

Petras et al. (2015) describe the use of free and open source software, which has been considered a high
priority (and often stated as mandatory by funding agencies), as it is fully transparent and more
accessible for institutions, individual students and scientists. Open software, open data, open standards
and open education are the key components of the open GIS framework. They suggest the application of
geospatial concepts should be emphasized in education much more than software-specific tasks. If
teachers understand not only the implementation, but also the underlying science and technology, then
they will be able to develop better and more flexible learning solutions.

Web-based GIS is a very practical, active, and relevant way of including digital technology in school
education and teacher training (Hong and Stonier 2015), however as technology advances it makes
decisions about when and how to do this increasingly harder. Previous European geotechnology
education projects had demonstrated that the most challenging period for technology integration is
getting teachers to recognise the value of the tools so they are prepared to address the classroom issues.
It has been shown that training is critical (Zwartjes and Lazaro y Torres, 2019) so that teachers are able
to develop basic skills and competencies in GIS and a sound framework for involving technology use in
their classrooms and with pupils. Mathews and Wikle (2019) deal with teaching about GIS technology and
its applications in higher education.

The European Commission acknowledges that Europe must become much more "Cloud active" to stay
competitive in the global economy, and has tackled major barriers surrounding legal issues, data security
and copyright. School learner expectations are also changing. Learners require ready access to relevant
online tools and content, as well as secure, reliable networks which can offer the ability to create and
share content on any number of devices. Applied computer systems like Web-based GIS provide a quick,
reliable, 24 /7 service, which conforms to this new and different service model (De Miguel Gonzalez and
De Lazaro Torres, 2020).

The adoption of GIS in school education remains fragmented (Jackson and Kibetu, 2019) because while

Cloud Computing offers many advantages, teachers are largely unaware of the great needs of the industry
and the potential benefits for learning and teaching. Improved training and enhanced support systems /
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pedagogical tools are needed to help new teachers integrate the rapidly evolving Cloud Computing GIS
environment into the classroom (Mitchell et al., 2018). Innovative pedagogical change is needed in
teacher education, otherwise educators will continue the paradox of using old teaching methods but with
new tools.

Little research has been undertaken demonstrating the integration of GIS and geospatial applications into
the school curriculum. Roosaare and Liiber (2013) introduced a model of how to nationally integrate geo-
media and GIS into general secondary school education, where geoinformatics was developed as an
elective course for pupils at secondary school level in Estonia. This course has been used as an
opportunity to apply the use of geo-media tools, emphasize ICT skills and students’ geospatial thinking
skills.

Baker et al. (2015) comment that research in GIS education seems to have had limited impact. It has
largely focused on the educational and technical challenges that have affected its implementation in
formal and informal learning environments. Bednarz (2004) suggests this has by and large related to
computer speed and capacity; software use and complexity; shortages of resources and lessons, links to
curriculum and standards; administrative and technical support; and time required to implement GIS-
based methods.

Rickles, Ellul and Hacklay (2017) focus on the results of a survey on resources and platforms used in the
interdisciplinary teaching of GIS and then exploring possible constructivist learning theories. They
proposed a framework to act as the education-based structure for which GIS concepts can focus on and
define interdisciplinarity as “between disciplines”, suggesting the basic elements of at least two
collaborators, at least two disciplines, and a commitment to work together in some fashion in some
domain are necessary. However, the introduction of technology into curriculum is further complicated by
speed of change, variety and diversity of contexts. According to Stringer et al. (2019), integrating
technology into the classroom to improve learning requires addressing both pedagogy and
implementation.
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3. Digital competences

In teacher education, professional competences depend on subject-specific knowledge and skills in
specific pedagogical domains. The competences serve as a basis for the implementation of an educational
approach to the practice of teaching and learning and according to Schultz et al. (2012) relates strongly to
curriculum development.

Digital competences are a key transversal competence, that citizens increasingly need to acquire. They
are considered to be a necessity to achieving a degree of literacy suited to present-day society’s needs.
DigiComp is the European Commission framework designed to support an understanding of digital
competence. It includes issues such as information storage, digital identity, developing digital content and
behaviour online, in everyday life such as working, shopping and participating in society. Kluzer et al.
(2018) provide a user guide with a broad range of examples from those who use the DigComp framework.

A DigCompEdu Framework has been developed to support the teaching profession in all sectors of
education. It implies being able to use digital technologies in a critical, collaborative and creative way.
DIgiCompEdu concerns the use and transmission of educator-specific digital competences for use in
school and the classroom (Rubio et al., 2019). DigiCompEdu proposes 22 elementary competences
organised in 6 areas (Figure 1). Area 1 is concerned with the use of digital technologies in professional
interactions. Area 2 looks at the competences needed to effectively and responsibly use, create and share
digital resources for learning. Area 3 is dedicated to managing and orchestrating the use of digital
technologies in teaching and learning. Area 4 addresses the use of digital strategies to enhance
assessment. Area 5 focuses on the potential of digital technologies for learner-centred strategies and Area
6 details the specific pedagogic competences required to facilitate students’ digital competences.

ompetences ¢ pedagogic com, Leg,
s\o(\a\ c Q&“ca\,o\' Pete e ne,s )

Digital Transversal
competences Teaching and competences

Learning

@ &

Professional Digital Empowering
Engagement Resources Learners

@

Subject specific Assessment Subject specific
competences competences

Facilitating
Learners’ Digital
Competence

Figure 1: The European DigiCompEdu framework for teachers (Vuorikari et al, 2017)

The Framework outlines six different stages through which an educator’s digital competence typically
develops, so as to help educators identify and decide on the specific steps to take to boost their
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competence at the stage they are. In the highest stages, called ‘Leader’ and ‘Pioneer’, the teachers are able
to pass on their knowledge, critique existing practice and develop their own new practices.

Schultz et al. (2013) comment on three core competences foundational to working with GIS: GIS-related
knowledge and skills, spatial thinking, and problem-solving skills” (Schultz et al., 2013). Jakab et al.
(2016) described how the strong cross-disciplinary character of GIS requires the application of wide
range of key competences that help teachers shape and develop their professional identity. Bearman et
al. (2016) noted how much training tends to be based on developing GIS skills, rather than on spatial
problems, or understanding the usefulness of data, or the needs of the learners. As a result of this focus on
the technology, courses attract teachers who are more technologically able and digitally literate than
those who are not. This related to technical competences rather than critical spatial thinking.

As part of the GI-Learner Project, Donert et al. (2016) proposed a set of spatial thinking competences for
pupils based on spatial thinking, where spatial thinking is a distinct form of thinking, which helps people
to visualize relationships between and among spatial phenomena (Stoltman and De Chano, 2003), these
were described as to:
1. Critically read and interpret cartographic and other visualizations in different media

Be aware of geographic information and its representation through GI and GIS
Visually communicate geographic information

Describe and use examples of GI applications in daily life and in society

Use (freely available) GI interfaces

Carry out own (primary) data capture

Be able to identify and evaluate (secondary) data

Examine inter-relationships
. Synthesise meaning from analysis
10. Reflect, and act on the basis of knowledge.

O XN W

They have been used to create learning progression objectives that teachers would translate into learning
objectives, teaching and learning materials for the whole curriculum (K7 to K12) thus increasing spatial
thinking education activities for high school pupils (Zwartjes, 2018).
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4. Teaching with GIS

Donert et al. (2016) define and describe Teaching with GIS as a complex context of geospatial thinking
and geospatial learning, exploring the integration of spatial literacy, spatial thinking and GIScience into
schools as an outcome proposed in the KA2 Erasmus Plus GI-Learner project. Roosaare and Liiber (2013)
suggest there is considerable diversity in understanding with regard to what, when and how to teach with
GIS in geography education.

According to Favier and van der Schee (2014), it is not the technology itself that produces learning, but
the complex whole of clear and appropriate learning goals, solid educational technologies, well-designed
tasks, and high-quality instruction, coaching, and reflection provided by the teacher.

Kerski et al (2013) analyse the status of GIS in schools in thirty-three countries and proposes
recommendations for advancing the implementation and effectiveness of GIS in secondary education.
Their study revealed that use of GIS in secondary education remained small; however they suggest the
convergence of citizen science, an emphasis on spatial thinking, mobile devices, open data, and Web-
based map services could cause a significant increase in the numbers of schools, educators, and students
teaching and learning with GIS. Despite hardware and software challenges repeatedly mentioned by
educators, societal issues appear to cast the greatest constraint on GIS becoming an embedded, required
tool throughout education. Of major importance seemed to be the lack of awareness of spatial thinking
and analysis and their importance in education and society.

Favier (2013) presents a schematic view of 5 ways to deal with geoinformation technology (Figure 2).
Teaching and learning about GIS focuses more on the theoretical aspects of GIS (knowledge of GIS,
structure of the technology), whereas the other ways use the technology to develop and use spatial
thinking skills. He suggests geography educators have predominantly focused on using geoinformation
technology to learn subject knowledge and domain-specific skills, rather than focusing on learning to use
the software. However, if geo-information technology is applied in lessons in which students sit behind
the computer and are actively involved with the technology, you cannot avoid teaching them first about
the characteristics of digital geoinformation and how the technology works. He suggests it therefore
makes sense to start by using web-based GIS and virtual globes lessons, followed by lessons with desktop
GIS, and finally apply GIS in small practical assignments. This would be a nice elaboration for a learning
track for (geography) education with geo-information technology.

Focus on 2 a
geography
Teaching with GIS Learning with GIS
5
Investigating
with GIS
Focus on 1 3
technology Teaching about GIS Learning about GIS
Responsibility < > Responsibility
to the teacher to the pupil

Figure 2: Five ways of integrating GIS in geography education (Favier, 2013)
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4.1 Instructional Technology

Instructional technology, often used interchangeably with the term educational technology, is a specific
technology field that deals with creating resources to support learning (Caldwell, 2019). Colvin and
Tomayko (2015) suggest teachers today need to master instructional technology to prepare learners for a
high-tech and increasingly interdependent world where professional tools are integrated into the
classroom.

Stringer et al. (2019) considered how technology can improve teaching and learning, through a 4-stage
implementation progress process (Figure 3) summarising how implementation of technology in learning
and teaching can be described as a series of stages relating to thinking about, preparing for, delivering,
and then sustaining change. Considering the impact to consider whether it can supplement, enhance or
replace existing teaching.

IMPLEMENTATION PROCESS BEGINS

Identify a key priority that is
amenable to change

Treat scale-up as a new
implementation process

Systematically explore
programmes or practices
to implement

Continuously acknowledge
support and reward good
implementation practices

Plan for sustaining and
scaling the intervention
from the outset

SUSTAIN EXPLORE

STABLE USE
OF APPROACH

—_

Use implementation data \
to drive faithful adoption

Examine the fit and
feasibility with the
school context

ADOPTION
DECISION

Develop aclear, logical
and well specified plan

and intelligent adaption
* NOT READY
ADAPT PLAN
Reinforce initial training Assess the readiness of

with follow-on support the school to deliver the
within the school implementation plan

READY

Support staff and solve Prepare practically e.g.
problems using a flexible train staff, develop
leadership approach infrastructure

DELIVERY BEGINS

Figure 3: The Implementation Progress Process

Recent research by Mayer (2019) looked at the potential of multimedia instruction to improve learning in
the classroom, where research evidence shows that people learn more when images are added to text as
they work together to present an instructional message which leads to a deeper understanding, than
words on their own, whether it is presented in a book or on a computer. The use of pictures can include
static photos, charts, graphics and illustrations or dynamic videos and animations, and words can be
either spoken or printed. According to Mayer, this cognitive theory is based on 3 key ideas from cognitive
science, the dual-channel principle where verbal and pictorial information processing is separate
(Baddeley, 1992), the limited capacity principle: which means only a few items can be processed at a time
(ibid) and the active processing principle: which means that meaningful learning needs to be coherently
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organised and integrated with prior knowledge, so that relevant words and images can be selected from
the working memory, to guide the learner’s cognitive processing. (Mayer 2009)

Mayer (2019) proposes that in multimedia instruction, the working memory mentally organises the
words into a verbal model and the images into a pictorial model, which combine with prior knowledge,

making sure working memory does not become overloaded.

A set of 11 evidence-based principles for multimedia design are presented that increase student learning
(Table 1).

Table 1: Design for multimedia instruction

Extraneous processing - cognitive processing that does not support instructional goals - i.e. unnecessary
- Coherence - keep instructional message simple, avoid unnecessary detail

- Signalling - highlight essential material

- Spatial continuity - integrate text with relevant part of graphics

- Temporal continuity - present spoken word simultaneously as graphics, drawing or animations

- Redundancy - do not duplicate narrated graphics with printed text as well.

Manage essential processing

- Segmenting - break down learning into parts

- Pretraining - teach an overview of key elements and words before introducing the diagram details
- Modality - spoken word supports more learning than if the words are printed

Encourage generative processing

- Personalisation - using informal conversation to present information

- Voice - using a human sounding voice rather than a machine

- Embodiment - include human like gestures on the screen

Alibrandi and Palmer-Moloney (2001) confirmed that as a technology, GIS offers new ways of viewing,
representing and analysing information for transformative learning and teaching, however its use means
stepping into the unknown, taking risks, creating pathways and experimenting. Baker (2005) noted the
emergence of GIS as an instructional technology for supporting contextually rich student learning in the
K12 curriculum. Fagin and Wikle (2011) commented that teachers using GIS befitted from significant
advances in instructional technology.

4.2 e-learning, fieldwork and mobile GIS

E-learning is a set of models, technologies and processes for the acquisition and use of knowledge
through the use of information and computer technologies. It has predominantly been used for teaching
with GIS by incorporating a number of geospatial tools and techniques. In their paper Karolcik et al.
(2019) analyse an e-learning environment for Geography in order to implement personalized active
learning in Geography teaching and learning. The requirements of an adaptive tool for Geography
teaching and learning are discussed and a theoretical framework for personalized e-learning
environment is proposed. ICT can be used as a research tool to help students apprehend notions and
analyse information. This allows a series of questions such as: where? what? and organizational aspects
such as why? how? and relationships to take place. The challenge of a didactic process is to organize and
support students’ questions. Thus, according to Zwartjes et al. (2015) there is a need to model the
processing of information in an educational context in 4 steps, the problem, data research, building an
argument and producing results and .

Bearman et al. (2016) suggest the presence of an e-learning environment is important because it helps
students to be able to access and make sense of (geo)information. They suggest GIS has been held back
because of an emphasis on the technology rather than the spatial data highlighting the focus on IT skills
rather than spatial literacy. As a result, students will not be taught the skills they need to be able to
critically interpret maps and data. They also consider that practical technical sessions dominated in GIS
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curricula. In pedagogical terms, the student was often given a data-set and given instructions on how to
use the GIS to process the data to get the final analysis output. This approach develops the student’s
ability to use the software in question, but it did not add much to their knowledge about the types of
question that a GIS can answer. GIS analysis and GIS output were much easier to use than completing the
whole problem-solving process.

Roosaare and Liiber (2013) report on the development of a web-based (Moodle) elective course opens
the door for flexible and individualized teaching/learning solutions. The authors also report on the
lessons learned from the Geo-Olympiad where, since 2005, computer-based exercises and GIS have been
included in the written tasks for secondary schools. Students have to find, interpret and analyse some
geographical information from Internet portals and problem-solve real life problems.

According to Feddern et al. (2018) learning software has been developed to support independent
learning, based on techniques of retrieval, interleaving, spacing and visual cues, which they tested as
randomised control trial with school pupils. Their independent learning platform was capable of being
used with a variety of content yet not needing much staff training. The modules which introduce material
or test students are short, and use an algorithm to interleave and space learning using a mixture of text,
images and different types of questions, which are designed to promote retrieval practice.

Grunwald et al. (2005) report on the construction of a virtual modular learning environment based on the
concept of Reusable Learning Objects in order to evaluate the efficacy of different e-learning tools for on-
campus (OC) and distance education (DE) students in context of learning outcomes. They concluded that
a virtual GIS course has the potential to generate equal learning outcomes comparable to on-campus GIS
courses provided students are self-motivated to study the course material and capable of managing their
time appropriately/effectively.

Belgiu et al. (2015) evaluate open education initiatives in the geospatial domain and the MOOC
movement. The article focuses on Web-based technologies, fostering online courses and programs. Open
Educational Resources (OER) have become the norm as OER imply legally open content licensing under a
Creative Commons (CC) license. The use of MOOCs (Massive Open Online Courses) have become a
popular open education model for higher education.

Caeiro et al (2011) evaluated the effectiveness of the use of videos in the students learning outcomes in a
GIS e-learning course. The higher education students were guided by a curricular unit plan, digital
resources, formative activities and a continuous assessment. The videos effectiveness was assessed by
analysing students written assignments (e-folios). Their research confirmed that videos have the
potential to be used as an important tool in GIS-education in an e-learning system, as they are a visual
medium with the potential to support learning in different ways than other technologies do, including the
potential for demonstrations and through the use of screen-capture technology.

Michel and Hof (2013) were concerned with taking e-learning and GIS into the field. They explore the use
of mobile and spatially-enabled devices in the field and the combination of adventure and media
pedagogy with multimedia environmental education. They consider how learning resources and outdoor
activities are combined to get original nature experiences with its varied spatial and temporal
dimensions. The authors provide the conceptualization of a game-based approach called the eGeo-Riddle
(Figure 4).
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Figure 4: The eGeo Riddle approach

The mobile field trip was based on three learning units, a multimedia introduction with background
information for knowledge transfer; the eGeo-Riddle with interactive exercises and riddles in the field;
and the solution and evaluation station for post processing and knowledge consolidation. Within this
framework, the field trip promotes spatial reasoning and interpretation, which invites students to detect
and map different types and structures in an interactive map. But more importantly the students, by
going outside, will make their own observations and collect samples, and are consequently practically and
theoretically trained in thinking with and about space as well as acquiring a tangible imagination of
spatial characteristics and differences.

Fieldwork is an integral part of education in disciplines with a strong spatial component. Kolvoord et al.,
(2019) say that the increasing importance of data and geospatial technologies supports education
initiatives that teach GIS hands-on and applying it to local problems. GIS is therefore valuable for
education since it can help students to identify and analyse spatial patterns. De Lazaro y Torres et al.
(2016) suggested that outdoor learning in geography, using mobile devices and associated spatial
thinking will serve students well for employment.

Panek and Glass (2018) applied mobile GIS methods in fieldwork situations where students’ work
included the accumulation and evaluation of different types of data to construct a sense of the place they
were studying. They suggested students needed to learn how to engage with a neighbourhood in ways to
make meaning of the different layers of history of the research site. Lambrinos and Asiklari (2014)
created a fieldtrip treasure hunt using a compass, GPS and GIS generated maps wit young pupils from the
age of 10. They suggest that technology applications, like GIS and GPS, can be easier implemented through
interdisciplinary subjects.

Brooks (2018) describes the processes and decisions made in the development of a mobile learning

application. The intended users of this application were adult learners who want to learn about GIS
concepts and skills. He suggests an active pedagogy should involve “kinaesthetic activities, the conscious
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analysis of spatial data, and reflection on learning”. Building active learning into the curriculum can bring
many benefits, including the claim that students learn more through the metacognition provided through
active learning and that students learn more over traditional lecturing methods. The application
described in this thesis essentially utilizes map mashups where students can interact with layers,
features, attributes, analysis tools, and other GIS&T functions to learn the lesson concept. Incorporating
these mashups as core components of the lessons and avoiding highly structured exercises, allows
greater flexibility and personalization of content, which is one of the major advantages of map mashups.

Michel and Hof (2013) warn however, that in spite of the importance of location-based learning and the
requirement of students for more practical examples, the quantity of days for field visits and practical
fieldwork are being reduced. To tackle this several e-learning courses on the internet as well as a wide
range of GPS-based learning and adventure opportunities have been established in recent years.

4.3 Web-based GIS

The internet is becoming more and more important for the provision, transfer and analysis of geodata. As
aresult, GIS features are being integrated and implemented in web-based information systems. These are
Web-based geographic information systems or Web-based GIS. The enormous increase in the number of
web-based applications that use techniques derived from geographic information systems (GIS) is based
on the demand for the visualisation of geographic data on the Web.

In order to examine the potential associated with the use of web-based GIS in geography classes, Arslan
(2015) analyses the usability and student learning outcomes of using desktop and Web-based GIS

software with schools (Figure 5).

Technical Usability

-Storing and processing
capacity.

-Interface of the platform.
-Accessing menu tools
(Analyzing, query tools
etc.).

-The installation of the
software.
-Accessing, uploading and
sharing data

-Software or platform menu tools.
-Software language.

-The intelligibility menu.

-Ease of use and learnability.
-Data structure

Pedagogical

-Adaptation of application to the
geography lessons.
-Provision of data and materials for

lesson.
-Collaboration With groups.
-Participating or creating projects.

Figure 5: Criteria used to analyse Web-based GIS platforms (Arslan, 2015)

Web-based GIS, primarily, was seen to have a positive impact on student achievement. The real potential
of web-based GIS for geography courses can be understood better when considering other benefits that
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web-based platform provided for students, course and teachers. The course was student-centered, there
was evidence of many skills being developed, such as spatial analysis, spatial thinking, finding cause-
effect relation, querying and creating questions. Web-based GIS was an effective teaching tool, easily used
by teachers in their courses without technical issues. Students considered it to be an effective learning
tool, help them to grasp ideas easily.

Milson and Earle (2008) explored the use of Internet-based GIS as a tool for integrating geospatial
technologies in ninth-grade geography curriculum and instruction within an inductive learning
environment. The study findings indicated that students were able to access and make use of geospatial
data to construct their understanding of geography.

Kerski and Baker (2019) suggest that using a Web-based GIS system implies a change in how GIS are
perceived and taught. Fargher (2018) argues that by drawing on a GeoCapabilities approach the teacher’s
use of WebGIS can be enhanced in deepening their students’ abilities to think and reason with
geographical knowledge and ideas. Fundamental to GeoCapabilities thinking is an emphasis on a
progressive, subject-led approach to teaching school geography particularly through the development of
powerful disciplinary knowledge (PDK), school subject knowledge can only be powerful when it enables
young people to think in ways beyond their direct experience (Figure 6).

Type Characteristic

Using ‘big ideas” such as: e Place  Space
1.  Knowledge that provides students with ‘new o Environment e Interconnection
ways of thinking about the world.” These are meta-concepts that are distinguished from
substantive concepts, like ‘city’ or ‘climate’.

Using ideas to:

2. Knowledge that provides students with e  Analyse e.g., place; spatial distribution
powerful ways of analysing, explaining e  Explain e.g., hierarchy; agglomeration
and understanding. e  Generalise e.g., models (push-pull models of

migration; demograph)c transition)

To do this, students need to know something about
the ways knowledge has been, and continues to be
3. Knowledge that gives students some power developed and tested in the discipline. This is about
aver their own knowledge. having an answer to the question: ‘how do you
know?’ This is an underdeveloped area of
geographical education, but is a crucial aspect of
‘epistemic quality’ (Hudson, 2016).

School geography has a good record in teaching this

4. Knowledge that enables young people to follow knowledge, partly because it “’mbi»“_“ the natural
and participate in debates on significant local, and social sciences, and the humanities. It also
national and global issues. examines significant ‘nexus’ issues such as: food,

water and energy security; climate change;
development.

This takes students beyond their own
experience—the world’s diversity of environments,

5. Knowledge of the Warld cultures societies and economies. In a sense, this
knowledge 1s closest to how geography is perceived
in the popular imagination. It contributes strongly to
a student’s ‘general knowledge’.

Figure 6: A typology of Geography’s powerful knowledge
GeoCapabilities adopts an approach underpinned by the belief that knowledge development in schools
should be led by subject specialists who are best placed to provide young people with the highest quality

geography education.

4.4 GeoMentoring
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In the USA, the GeoMentor programme (http://www.geomentors.net), established by Esri and the
American Association of Geographers, brings together people (experts) who are willing to help with the
deployment of GIS into teaching. (DeMers, 2016) suggests professional GIS mentoring of educators
rapidly improves the likelihood that GIS will reach the elementary and secondary teachers.

Healey et al. (2018) report on a programme to support teachers in introducing Web-based GIS in schools
in the UK. To help the effective use of ArcGIS Online in classrooms, a dedicated educational team -
including a former classroom teacher — and 300 professional GIS users registered as volunteer
GeoMentors. These industry experts give their time to schools to support their use of GIS. They help
teachers get familiar with the ArcGIS Online platform, create new resources in collaboration with staff,
and inspire students to pursue their own careers in GIS by talking about their experiences. Healey and
Walshe (2019) focus on how learning from real-world geographers including industry experts both from
local contexts and from the GeoMentors network set up by Esri UK about the GIS they use in their
everyday jobs can engage students.

Healey and Walshe (2020) explore the use of GIS in UK schools in the context of school and university
crossover. The authors are particularly interested in the connection with curriculum thinking. They
report a reluctance amongst teachers to engage with GIS, and explored the use of real-world experts to
influence student perceptions of the relevance of GIS and real-world applications which then influences
subsequent acquisition of student knowledge. A longitudinal study explores the UK GeoMentors scheme
of ESRI/RGS-IBG which focuses on how tapping into the expertise of real-world, industry experts and the
ways it can affect students’ perceptions of the relevance of GIS to geography and support their acquisition
of geographical knowledge. Their results suggest that engagement with industry experts increases
students’ understanding of what GIS is, allowing them to develop a more nuanced appreciation of its real-
world applications; this then appears to play both a direct and indirect role in the subsequent
development of students’ geographical knowledge.

4.5 Personalised learning

As education is currently undergoing significant change brought about by emerging reform in pedagogy
and technology, efforts have sought to close the gap between technologies as educational additive to
effective integration as a means to promote and cultivate student centred, inquiry based and project-
based learning.

GIS has become strongly personalised as location-aware services, personalised user interfaces and
accessible mobile communication have evolved. Personalised GIS development has been reported in
many diverse fields for instance in tourism (Poslad et al., 2001), community mapping (Ardissono et al,
2017), heritage information (Mac Aoidh et al.,, 2006), education (de Lazaro et al., 2017) and 3D navigation
(Doulamis et al., 2013). In education, personalisation in GIS looks to integrate students in their
environment and enhance their understanding.

Although there are differences in defining personalized learning, all definitions and research agrees on

these principles:

- Personalized learning starts with the learner and the learner is in the centre

- Thelearner is active in designing their learning goals and processes

- The learner decides how to access and acquire information,

- The learner owns and takes responsibility of learning, thus more motivated and engaged in the
learning process,

- The learner owns the capacity for critical monitoring of learning outcomes

- High quality teaching responsive to the different ways students achieve their best

- Creating an education path that takes account of learner’s needs, interests and aspirations
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- Making a strong contribution to equity and social justice (Zwartjes et al., 2015).

Personalised learning describes situations where learning was customised for the preferences and
abilities of individual learners or groups of learners. It shifts the role of students from being simply a
consumer of education to a co-producer and creator of their own learning pathway actively engages
students in the process of learning (Bartle, 2015). From the teachers’ perspective, is said to be a three-
part process, which includes planning that promotes deeper student learning; understanding of each
student’s learning needs and interests; and provisioning of appropriate learning experiences that match
each student’s unique learning profile.

Personalised digital learning environments are usually Web-based systems and often utilise mobile
devices offering a unique and personal platform for developing learner-centred educational experiences
that to enhance students’ learning engagement via personalised information and services (Masseleno et
al,, 2018). Personalised learning environments place the student into a more central and active role in
their own learning, where learners can access relevant and contextual information based on their
different tasks and needs. Learners can learn from the materials provided by learning systems based on
their own learning pace and preference. This encourages learners’ empowerment towards their own
learning process and progress.

The Personalised Learning Environment concept places the focus on the appropriation of different tools
and resources by the learner, whereby the learner is situated within a social context which influences the
way in which they use media, participate in activities and engage in communities. The perspective is the
basic theorem of the Activity Theory (Engestrom 2001). The activity triangle model representing an
activity system combines the various components into a unified whole. From this perspective, focusing on
the three aspects - personal (‘subject’), learning (‘tools) and environment (‘object’) - means disregarding
the so-called ‘social basis’ of the activity system (rules, community and division of labour) which situates
human activities in a broader context. (Zwartjes et al,. 2015).

In the case of GIS, personalisation can lead to activities that combine authentic, contextualised, local
situations and use location-based services. Zwartjes et a.l (ibid) describe the elements of a pedagogical
approach for personalized education (Figure 7) and relate it to using geospatial technologies and ICT for
landscape education (de Lazaro y Torres et al., 2017). They underline the importance of pedagogical
methods to encourage individual guided learning at a distance, where students take their own decisions
and are responsible for their learning in accordance with their interests and skills. In this context, the
article underlines that the tole of the teacher is even more important than ever as they help customise the
learning design of their students. However, Prain et al (2013) present a strong critique of personalised
learning as it depends on both effective teacher differentiation of a set curriculum to address diversity of
learner needs, and the development of independent learner capacities.

Karolcik et al. (2019) discuss the development of an e-learning environment for Geography, based on the
personalization of the content and the student activities as well. They envisage personalised learning as
tailoring education to meet different student needs, such as differences in knowledge levels, skills, ages
and so on. Active learning should be encouraged in which the student participates or interacts with the
learning process. In the future, according to Nikolov et al., (2016), it is likely that many of the advances in
education will be brought about by further integration of personalised learning into smart learning
environments.
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Figure 7: Elements of a personalised learning system

4.6 Rosenshine and effective instruction

Rosenshine (2012) developed ten principles of Instruction (Table 2) derived from research-based
evidence from cognitive science and how brain acquires and uses information, classroom practice of
expert teachers and cognitive instructional methods to help learn complex tasks. He recommends that
experiential activities should always be used after the basic knowledge is learned.

Table 2: Rosenshine’s Ten Principles of Instruction

1.

Daily Review - of facts + skills to strengthen connections between the material learnt so recall
becomes automatic, but takes lots of practice (5-8 mins). Can include marking homework, identifying
difficulties + errors made, as well as anything else needing ‘overlearning’.

Use small steps to present new material -guide students to practice recalling ideas learnt using
strategies and modelling by ‘thinking out loud’.

Ask questions - see how well material is learnt by getting students to explain processes and how
they found answers.

Provide models and worked examples - using step-by -step instructions prompting who, where,
why and how to develop questions.

Guide student practice - processing information by rephrasing, elaborating and summarising small
amounts of material, making sure all students explain ideas and asking questions, give and receive
feedback, to help develop understanding as well as transfer ideas to long term memory.

Check student understanding - frequent checking helps to increase connections made to previous
learning.

High success rate - for optimal achievement, instruction and practice activities need an 80% success
rate for all students both for oral responses as well as individual work.

Provide scaffolds for difficult tasks - provide temporary support which is gradually removed to
allow ‘novice learners’ to observe ‘expert thinking’, students are helped through coaching to become
more independent.

Independent practice - lots of practice (overlearning) takes place in order to become ‘fluent and
automatic in a skill’, students start to work independently but with support on hand from both
teachers and peers.

10. Weekly and monthly review -used to develop well-connected networks of ideas (schema) to free

up space in the working memory as students build up patterns by ‘utilization’ or ‘chunking’ which
improves their ‘cognitive processing’ capacity to review material learnt in the long-term memory.

Sherrington (2019) proposed grouping Rosenshine’s principles into 4 strands that combine connected
principles that can be ordered into a workflow of a lesson. These were sequencing concepts and
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modelling (presenting new material in steps, providing models and scaffolding), questioning (asking and
checking understanding), reviewing material (daily, weekly and monthly) and stages of practice (guided
and independent practice, obtaining high success rates). He suggests Rosenshine’s Principles of
Instruction provide clear guidance for teachers based on asking questions, practicing and sequencing
concepts, as well as a useful reflection tool to weigh up how well this is being done.
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5. Approaches to teaching with GIS

The approaches to teaching and learning are defined as the strategies that teachers adopt for their
teaching practice. A student-centred approach is usually considered to be necessary for the successful
integration of education technology in teaching and learning (Somekh, 2008; De Miguel, 2016). The
following are examples of approaches developed in teaching with GIS.

5.1 Spatial thinking

In recent years, spatial thinking has attracted the attention of many researchers, dealing with the
components of spatial thinking (Figure 8) and the skills and abilities of critical spatial thinkers (De
Miguel, 2016).

Spatial thinking - Spatial skills - Spatial relations

Geographical thinking ‘ Geographical enquiry ‘ Geographical knowledge

Figure 8. Spatial and geographical thinking sequence for teaching and learning with GIS (De Miguel, 2016)

Michel and Hof (2013) say spatial thinking describes not only the understanding of specialized spatial
processes but it includes elements of spatial concepts, tools and methods for spatial representation, as
well as the process of spatial reasoning (Figure 9).

Spatial Thinking
Spatial concepts Spatial representation Spatial reasoning
Conceptual and analytical Tools and methods for Process of spatial reasoning
framework within which data | | storing, analyzing, to manipulate, interpret, and
can be integrated, related, comprehending, and > explain structured
and structured into a holistic communicating structured information.
issue. information to others.

Figure 9: Elements of spatial thinking (Michel and Hof, 2013)

Goodchild et al. (2010) makes the case that critical spatial thinking should be a central theme in education
for a world where information is increasingly seen through geographical filters. According to Bearman et
al. (2016), critical spatial thinkers should be able to understand the effect of scale and critically evaluate
the quality of spatial data being used and understand its implications. This implies that the processes of
data manipulation, analysis and modelling will provoke and require critical thinking,

20
Gl Pedagogy Project https://www.gilearner.ugent.be/gi-pedagogy/ 2019-1-UK01-KA203-061576



Co-funded by the
Erasmus+ Programme
of the European Union

Nguyen et al. (2019) focus on spatial thinking as an essential and basic function of a skills-oriented
education program in schools, They emphasise the need to consider the three fundamental elements
(concepts of space, tools of representation, and processes of reasoning), in creating Geography
curriculum; and provide “examples of questions containing spatial thinking from low to very high level
and questions of nonspatial-thinking in geography textbooks”. They suggest the formulation of a cognitive
processing taxonomy - Structure of Observed Learning Outcome (SOLO) should be developed to assess
the process of reasoning.

De Lazaro y Torres et al. (2018) show how it is possible to take advantage of Cloud-based tools to enable
spatial thinking and the development of digital competencies. They focused on explaining how, by using
flipped teaching and collaborative work, student learning can be enhanced. The results of this flipped
teaching learning activity were a collection of different story maps focused on specific topics
demonstrating inquiry-based learning by collecting and using geodata and a web mapping application on
WebGIS. Other proposed innovative aspects were how to integrate a web map with digital storytelling,
using open geodata and collaborative student-centred learning about the topic.

5.2 Geographical questioning, enquiry and spatial reasoning

Several researchers have reported the effectiveness of using GIS in enquiry-based learning because of its
capacity to promote students’ higher-order thinking skills, connect the classroom with real-world issues,
and construct meaning and knowledge through the enquiry process (Kerski, Demirci, and Milson 2013;
Jadallah et al. 2017; Metoyer and Bednarz 2017).

Hong and Melville (2018) confirmed spatial thinking was fundamental to the geographic inquiry process.
As a collection of cognitive skills comprised of knowing concepts of space, using tools of representation,
and reasoning processes, GIS offers a disciplinary tool with great potential for enquiry-based learning.
However, they confirm there is a lack of pedagogical resources for GIS for implementation in K-12
classrooms (Millsaps and Harrington 2017). They introduced an enquiry-based approach to designing
effective professional development in GIS, which has the potential to empower teachers and students in
enquiry-based learning with GIS technologies and ultimately increase student engagement and

their understanding of a rapidly changing world.

Favier (2011) examines the processes and stages in geographical questioning (Figure 10), establishing
the use of GIS within the wider issue and allowing students to see how GIS integrates as part of the wider
cycle of problem - evaluation - solution loop. He defines six stages as asking geographic questions,
acquiring geographic resources, visualizing geodata, cognitive processing of knowledge about the world
around us, answering geographic questions and presenting the results of geographic inquiry. He
concludes that critical spatial thinking requires the student to think about all of the steps in this process.
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&
External processing of geodata®

Figure 10: The processes adopted when answering geographic questions (Favier, 2011)

According to Favier (2013), while using GIS, we should not only focus on learning subject knowledge and
domain-specific skills, but also about basic ideas about GIS. He explains this via a framework (Figure 11)
for geographic enquiry using Geo-ICT research, where learning can be seen as a cyclical process.

Awareness of a q .
Geographical
knowledge shortage or que stie) ns
a knowledge conflict
Asking
geographical
question
Evaluation of Come up with a
uj
knowledge collection method
Shared Collection
Geographical method
knowledge
Communication Collecting
of geographical geodata
knowledge -
G hical Reading
eographica analyzing and Geod
ata
knowledge interpreting geographical Visualizing
representatioins geodata
. Geographical
representation

Figure 11: A framework for geographic enquiry using Geo-ICT (Favier, 2013)
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Favier and van der Schee (2014) deal with the question whether geography lessons with geospatial
technologies really contributed to the development of students’ geospatial thinking, and in particular
geospatial relational thinking. The use of geospatial technologies like GIS should enable teachers to
develop instruction methods that aim to stimulate geospatial relational thinking skills that are often
difficult to address.

Geospatial relational thinking connects to systems thinking, which is a holistic approach that focuses on
spatial association and how the constituent parts of a system are related to each other, how such systems
respond to changes, and how systems work within the context of larger systems. Their research sought to
identify the effects on geospatial relational thinking of a series of lessons with geospatial technologies on
high school students’, when compared with a conventional lesson series. They found the use of geospatial
technologies had positive effects on geospatial relational thinking, the students were also more positive
about the effects on the learning outcomes and there was more attention on systematic geospatial
relational thinking. However, students could only identify some of the relations and their knowledge was
poorly structured in terms of geospatial systems as they could only take some of the relevant factors into
account when they solutions for spatial challenges.

Hwang (2013) focuses on the role of GIS in furthering education about sustainability and emphasises GIS
as a positivistic mode of observation, or a tool for quantitative enquiry and research. He proposes a
hierarchy of five geospatial inquiries that students can make to explore sustainability issues using GIS
(Figure 12). They are spatial distribution (SD) or where things are; spatial interactions (SI), how things
interact between regions; spatial relationships (SRs), how things are related across domains; spatial
comparisons (SCs), how things are different across regions and temporal relationships (TRs), how things
change over time. He concludes these types of enquiries can help students to explore spatial patterns,
relationships, and changes, and uncover place-specific processes.

/

Temporal
relationships (TRs)
How things change in
places/regions

y

Spatial comparisons (SCs)
Where things are different among

places/regions

!

Spatial relationships (SRs)
Where things are related across domains in a place/region
<>

Spatial interactions (Sls)
How things interact between places/regions

L]
Spatial distribution (SD)
Where things are in a place/region

Figure 12: Definition of and hierarchy among five geospatial inquiries

Jant et al. (2020) explore spatial reasoning and the role of spatial thinking in STEM education and to
extend the importance of spatial thinking in STEM education beyond what is typically measured by
spatial ability tests and bring it in line with approaches that emphasise the practices of STEM thinking.
Their results suggest that GIS-based instruction can be used to enhance students’ use of spatial reasoning
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when solving STEM-relevant problems. They indicate that GIS training helps student to consider,
understand, and implement spatial solutions and thus the authors recommend spatial thinking could, and

should, be central to scient

ific reasoning, just as modelling and evidence-based argumentation are.

Perdue and Lobben (2013) propose a spatial thinking framework and hypothesized that certain spatial
thinking skills are higher order than others and build upon previous, less complex skills (Figure 13). So, in
the example shown, regional identification is conceptualized as a high level skill, achieved through the

accumulation of proximity, boundary, clustering, and classification skills.
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Figure 13: A spatial thinking framework (Perdue et al., 2013)

5.3 TPCK and G-TPCK

The Technological Pedagogical Content Knowledge (TPCK) framework has provided a theoretical lens for
integrating technology in teaching in school (Figure 14). It conceptualizes three knowledge areas for
teachers, the subject matter or disciplinary content, using technologies and digital resources and learning

and teaching processes (pedagogy). Kerski et al.. (2013) suggest professional development in teacher
education must be expanded and it needs to embrace the technological pedagogical content knowledge

which captures the complex interplay among content, pedagogy, and technology.
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Figure 14: The Technological Pedagogical Content Knowledge (TPCK) framework (after Mishra, 2019)

Walsh (2017) says teachers often avoid engaging with GIS with research suggesting that the lack of GIS
training in initial teacher education is partially responsible. She states, “Successful use of GIS in education
requires that teachers have a strong understanding of geographical content knowledge, geospatial
software applications, data analysis techniques, and pedagogical strategies (Coulter, 2014); as such,
professional development in teacher education should be expanded to embrace the technological
pedagogical content knowledge (TPCK)” (Walshe, 2017;619)

Hammond et al. (2018) explored the dynamic relationship of TPCK and found that developing teachers’
geospatial TPCK is paramount for solid integration of these technologies into teaching. Simply engaging
with technology is will not improve student learning, educators should consider which pedagogies will be
most effective (Hicks et al. 2014). To do this the TPCK approach recommends that teachers also need
technological and geographical content knowledge. In developing TPCK, Mishra and Koehler (2006)

integrate effective technology use into the curriculum, based on the strength of teachers’ pedagogical and
content knowledge (PCK).

Roig and Flores (2014) point out that while there may be high "content knowledge" among teachers, the
same does not happen with "technological knowledge". Newer teachers often rate their technological
knowledge as higher than their subject / pedagogic knowledge, perhaps demonstrating a lack of
confidence (Alvarez-Otero and de Lazaro y Torres, 2018).

Gomez Trigueros (2018) explores the use of the TPACK model for introducing GIS. He suggests that the
teacher’s own subject knowledge and their pedagogical knowledge need to be considered simultaneously.
The model proposes that in order for teachers to have training to incorporate ICT in the classroom, they
need not only to possess “the basic knowledge” in an isolated and independent way, but also to possess
them in interaction with the approach. He proposes that only in this way will the technology be

incorporated into the training process in an appropriate manner and achieve the student's intended
teaching and learning objectives.
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Curtis (2019) uses Mishra and Koehler’s (2006) Technological, Pedagogical, Content Knowledge (TPCK)
framework to examine the influence of pedagogical knowledge on teachers’ decision making when
teaching geography. She examined teaching that integrates professional tools in the school classroom and
suggests this is supported by well-documented learning standards and studies. She describes how
instruction that reflects the actions of business needs will enable geography teachers to prepare
knowledgeable, critically thinking twenty-first-century students through genuine, geographical contexts
that foster collaboration and the application of knowledge to realistic scenarios (Charles and Kolvoord,
2016). However, research showed that geography educators have to discover methods on their own as
they are not taught pedagogical strategies for teaching with geospatial technologies.

Doering et al. (2009) recommend teachers have to develop geographical technological pedagogical
content knowledge (G-TPCK). The focus changes from what teachers should know to effectively integrate
technology into their classrooms to studying how their geographical knowledge should be used within
the classroom for the most effective results. They propose a problem-based GeoThentic training course
where teachers develop their technology knowledge using geospatial technologies, their pedagogical
knowledge by investigating optimal pedagogy for geographic problem solving with geospatial
technologies; and their content knowledge by developing the specific geographical content area needed
to effectively teach the problem-solving modules.

Rickles, Ellul and Hacklay (2017) identified the theoretical elements of GIS concepts and connected them
to the educational approaches within the TPCK framework (Figure 15). They indicate that Context Based
Learning is the recommended learning approach or pedagogical knowledge. The use of context refers to
both the local learning environment and the context of the problem domain for the learning activity.
Identifying the platforms to use provides the technological knowledge and the content knowledge would
be based on the curriculum subject or in higher education the GIS&T Body of Knowledge (Prager, 2012).

Research by Curtis (2019) revealed a possible relationship between pedagogical knowledge and the
frequency of use and depth of integration of GI technology into geography teaching. She stated that it was
important to develop teachers’ G-TPCK for them to accept the technology and implement it in geography
classrooms.
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Figure 15: GIS and the TPCK) framework (Rickles, Ellul and Hacklay, 2017)

Hong, and Stonier (2015) suggested enquiry-based lessons using GIS technologies would be a way to
integrate technologies using the TPACK model. Their research suggested four different useful methods to
introduce GIS to students for the first time:

1. making the first activity relate to the students (e.g. “make students interested in GIS first”
and “get familiar with GIS”, for instance by asking students to make an individual map to lay
out their lives, such as the locations of their homes and schools”),

2. exposing students to GIS a small amount at a time, introduce it gradually so that students
would not feel intimidated or overwhelmed when they start using GIS.

3. using peer leaders, creating help and support among themselves and monitoring by teachers
and

4. providing tutorial videos.

5.4 Threshold concepts and powerful knowledge

Threshold concepts originated in Meyer and Land’s (2003) work assessing aspects of student learning.
They are described as concepts which, once grasped, lead to a transformed view of subject matter (Figure
16). The process of grasping threshold concepts implies crossing a conceptual gateway which may result
from overcoming troublesome knowledge.

Meyer and Land (2006) describe the characteristics of threshold concepts as transformative changing the
way you see the world; troublesome where it might seem counterintuitive, irreversible meaning that once
itis learnt it is unlikely to be forgotten; integrated as it reveals connections between the different parts of
the discipline, bounded whereby the concept has defined parameters in which it applies and discursive so
that it leads to the development of new language. Enser (2017) suggests that threshold concepts are an
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important element in checking learning, and could be a focus to help unlock a new understanding of the
world.

Results in a significant shift in the

Frequently challenging or troublesome Transformative | - perception of a subject

to understand for a variety of reasons

Troublesome Irreversible | Unlikely to be forgotten

CHARACTERISTICS
OF THRESHOLD
CONCEPTS

Possessing terminal frontiers, ) ) )
Exposing the previously hidden

bordering with thresholds Bounded Integrative
interrelatedness of something

into new conceptual areas
Figure 16: Key characteristics of threshold concepts (after Hamm, 2016)

Srivastava and Tait (2010) present the implementation of curriculum design principles for teaching, they
say the adopted pedagogy should utilise existing pedagogical content knowledge for the course material,
identify the threshold concepts for the discipline, involve students in active and authentic learning, as
well as providing experience with problem-based learning, and takes into account the backgrounds of the
students by offering flexible learning opportunities. Their study presents a learning-assessment-feedback
model involving several curriculum design principles. The authors recommend that teaching should be
based on recent education research developments. The curriculum design principles start from designing
the aims and outcomes of the course followed by a sequential arrangement of learning activities, leading
up to appropriate assessment. The result was the creation of a student-centred approach, with
opportunities for self-direction, guided responsibility for their learning and learning/assessment
opportunities offered in real-world contexts (Figure 17).
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Figure 17: A GIS pedagogy model in use

Assessment was designed to develop from simple knowledge concepts and move to analysis, critical
thinking and deeper examination, demonstrating how GIS can be applied in their discipline areas. Thus,
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students move from understanding theoretical concepts to directly linking the technology and discipline
in an understanding of practical real-world application of GIS.

Srivastava and Tait (2010) offer a summary of the threshold barriers to be crossed for learning to use GIS
(Figure 18). They suggest mastering the key threshold concepts will transform a student from a general
map user to a GIS professional. The identification of these key threshold concepts should result in the
identification of any elements of troublesome knowledge, which can form a barrier to learning. A similar
summary might be useful to teachers for selecting topics when learning with GIS.
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Figure 18: Threshold concepts for learning GIS

Walshe (2018) warns of the danger of GIS being reduced to just a mechanism for completing a set of skills
and draws on the typology of Alaric Maude (2018) to develop powerful geographical knowledge, with
reference to the GeoCapabilities project with its use of curriculum artefacts. GIS allows students to engage
with opportunities to create, test and evaluate knowledge.

Maude’s typology (Table 3) was used by Fargher (2018) to exemplify how a curriculum artefact, defined
as “the ‘key’ to a series of lessons on a given topic” can be created in ArcGIS Online to construct powerful
geographical knowledge. The example developed of the 2004 Indian Ocean Earthquake and Tsunami
demonstrates the need for teachers to lead with their expert subject knowledge to ensure engagement
with GIS is underpinned by the subject’s key concepts and supports the development of students’
geographical thinking.

Table 3: Typology of powerful geographical knowledge (after Maude, 2018)

Type of powerful Description

geographic knowledge

Type 1 Knowledge that provides students with ‘new ways of thinking about the
world’

Type 2 Knowledge that provides students with powerful ways of analysing,
explaining and understanding

Type 3 Knowledge that gives students some power over their own geographical
knowledge
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Type 4 Knowledge that enables young people to follow and participate in
debates on significant local, national and global issues
Type 5 Knowledge of the world

5.5 Geomedia, spatial citizenship and participatory GIS

According to Gryl et al. (2010) spatial citizenship is an amalgam of three main contributing areas of
research, citizenship education, the appropriation of space and the links between GI and society. Spatial
citizenship was thus defined as the ability to critically appropriate space by democratic means. Spatial
citizenship education is therefore about learning how to navigate the world with respect to the physical
world, the meanings attached to the physical objects and environment and the power relations involved
in the production of meaning. Three main fields of competence were identified (Figure 19). They suggest
specific strategies need to be developed for working with GIS that goes beyond technical competences

widely reproduced in many curricula.
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Figure 19: Competences for spatial citizenship

Geomedia is media that has consists of spatially localised information, it has become an essential part of
everyday life. Technological developments enabled ordinary citizens to participate and collaborate using
an increasing number of web-based applications and mobile devices for gathering, processing and
visualising geoinformation and then sharing and distributing their own information. Felgenhauer and
Quade (2012) explore the implications of geomedia for education, raising issues associated with the types
of learning styles needed to address young people to engage in citizenship activities and the reflective and
reflexive use of GI and geomedia. Gryl (2016) suggests reflexive geomedia competence and spatial
citizenship are based on reflection and reflexivity. Reflection means being critical towards a certain
matter, reflexivity connotes being critical regarding own thinking and acting with this matter. Spatial
citizenship and reflexive geomedia competence accounts for the social construction of spaces from spatial

thinking approaches from geomedia (Gryl and Jekel, 2012).

Roosaare and Liiber (2013) present the situation in Estonia where geo-media and GIS has been
integrated into school education, where a list of compulsory ICT-based practical works have been added
to the geography curriculum. Gryl (2016) aimed to identify teachers’ different basic abilities and their
willingness to further reflexivity and geomedia approaches at school and to identify ideas to further the
development of teachers’ abilities and willingness. Interviews of teachers were undertaken to construct a
typology of teachers’ ability and willingness to further reflexive geomedia competences and spatial

citizenship competences among their students.

Sinha et al. (2016) explore the use of Participatory GIS (PGIS) as a powerful platform for geographic
education. PGIS resulted from community engagement responses to technological developments in GIS
and empowerment. PGIS produces media useful for citizen advocacy and decision making. But the
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pedagogical benefits of PGIS projects have received limited direct attention in the literature,
understandable since PGIS projects are designed to be led by communities and the focus should remain
on community development and empowerment, not on how students and researchers can benefit from
the process.

While PGIS is not the only approach for teaching students geography in the field, it offers one of the most
flexible and scalable options of enabling students to work with communities. PGIS projects are naturally
suited for complementing classroom training because participating students must work beyond the
classroom and in a host community, they have to learn collaborative and community development skills,
reflect on their own situation and circumstances while striving to safeguard and promote community
interests; demonstrate the application of human, physical, and geospatial geographic knowledge in the
field and foster critical reflexivity in students.

PGIS approaches can help meet diverse learning objectives related to local knowledge and place-based
thinking, understanding the relationships between people and landscapes through community
engagement, getting practical training in field methods of collecting, managing, processing, and
visualizing geographic information and gaining experiential and practical introduction to qualitative-
quantitative methodologies.

Gordon et al. (2016) examine interactive participatory mapping for teaching and practising critical spatial
thinking. They propose that critical spatial thinking is foundational to civic engagement and that digital
geographic pedagogies are an important arena in which young people can build these aptitudes. They
show how interactive digital mapping pedagogies offer students an opportunity to develop awareness

of what happens in their urban geographies and guide and inform civic engagement. They illustrate how
critical civic learning happens as a result of a student-guided exploratory process, collaborative work, and
sharing with and learning from their peers.

5.6 The storytelling technique and web maps

Kerski (2015) includes storytelling as one of the five converging global trends that are exerting great
impact on geography. The evolution of geographic tools, data, and multimedia on the web expand the
ability and audience for storytelling through maps. He describes the importance of educating a geoliterate
population that can assess and use geographic information to make wise decisions.

Motala and Musungo (2013) examine the effects on student learning by introducing storytelling in GIS
teaching and learning activities. Incorporating storytelling into GIS analysis and mapping helped students
to visualize complex concepts. They suggest that multimedia storytelling was a powerful learning method
as the students were given opportunities to tell their own stories and empathise with the geography.
Their own personal narratives helped the students to internalise the learning.

Sherrington (2018) summarises Daniel Willingham'’s (2009) explanation of the importance of narrative
connections in memory-making. He says that stories have four features, causality, conflict, complications
and character. It is likely that innovative pedagogies should consider how GIS resources can use the
principles of stories to help students recognise and understand geographical patterns, processes and
concepts (e.g. adding layers in coherent stages; story maps) and how the steps of learning a GIS technique
might be taught more effectively by following the storytelling principles.

Story maps usually integrate text, multimedia and interactive functions to inform, educate, entertain and
inspire people. Marta and Osso (2015) describe their project initiative “Story Maps at school: teaching
and learning stories with maps”. Working with groups of teachers and their classes they found that
storytelling with maps motivated students and established a positive attitude towards learning. The
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students were actively involved in the storymapping process, being creative in telling their own stories
and encouraging them to ask questions.

Sui (2015) reflects on the uses of map stories or location-based storytelling. He says that today’s maps are
thus not simply used as illustrations, instead, they are increasingly used as a medium to tell stories and
help learners acquire deeper meaning through their educational activities with GIS and focus on Pink’s
(2006) framework of the six senses of the new mind, design, story, symphony, empathy, play and
meaning.
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6. Pedagogies

Little research attention had been paid to pedagogical issues in using GIS (Donert, 2007; Bednarz, 2001),
yet according to Mathews and Wikle (2017). surveys of employers suggest improved pedagogical
approaches in teaching GIS&T are needed as the workforce is often poorly prepared to take on real-world
problems. Roosaare and Liiber (2013) confirm that main influence on teaching at schools is the teaching-
learning process in the classroom, which is dependent on teachers' professionalism and their enthusiasm
to implement new technologies and teaching methods. Stringer et al. (2019) state that to improve
learning, the technology must be used in a way that is informed by effective pedagogy.

Sanchez (2009) assessed the way geotechnologies be integrated into the geography curriculum for
secondary education, and what effects they have in terms of pedagogical setting and educational goals.
Evidence he gathered suggested that geotechnologies were being used in different pedagogical contexts:
with the whole class through the use of a data projector, with small groups of students or individual use
where a student is alone in front of a computer.

Matthews and Wikle (2019) were concerned with the way GIS courses can be designed to address
learning objectives that promote creative thinking, advance problem-solving skills, and foster
collaboration. Their goal is to assess the pedagogical approaches used to teach courses, as well as identify
the challenges associated with such teaching, based on an Internet-based survey of 318 college and
university faculty. They found active learning methods were not well integrated within classes and noted
that students needed to receive a solid conceptual framework and teaching strategies would benefit from
more active learning approaches and other teaching innovations. They suggested courses should be
designed to address learning objectives that promoted creative thinking, advanced problem-solving skills
and that fostered collaboration.

Muijs (2020) highlights the increased importance of the ‘Science of learning’ being used to inform
classroom practice. There is a growing awareness of the potential help that self-regulation and
metacognitive strategies can have on learning. Muijs supports the view that self-regulation relates to the
learner’s awareness of their own strengths and weaknesses, and is linked to their motivation to develop
their own learning strategies. This he sees as being linked to three broader functions: cognition, which is
information processing and practice; metacognition, which are the strategies that control cognition

and motivation, which is linked to interest and self-belief.

Coe et al. (2020) report on the Great Teaching Toolkit, finding that a key feature of great teaching is that
teachers understand the content they are teaching and how it is learnt. They suggest that teachers who
want to increase their effectiveness should focus on four priority areas, i) understanding the content they
are teaching and how it is learnt, ii) creating a supportive environment for learning, iii) managing the
classroom to maximise the opportunity to learn and iv) presenting content, activities and interactions
that activate their pupils’ thinking. Allier-Gagneur et al. (2020) suggest these principles give an indication
of the type of practices that could be shared with teachers during teacher development sessions.

6.1 Critical spatial thinking

According to Goodchild and Janelle (2010) education approaches must recognize the need to impart
proficiency in the critical and efficient application of these fundamental spatial concepts, if students are to
make use of expanding access to the growing amounts of spatial information and data processing
technologies. The term critical implies being reflective or analytical of spatial perspectives and in using
active questioning and examination of the data, the techniques and the context. The challenge for

33
Gl Pedagogy Project https://www.gilearner.ugent.be/gi-pedagogy/ 2019-1-UK01-KA203-061576



Co-funded by the
Erasmus+ Programme
of the European Union

education is how to develop techniques of critical spatial thinking, so that students will be better
prepared to use the evolving technologies, and better equipped to exploit the growing flood of spatially
referenced data.

The authors suggest students should be trained that to the standards of a critical spatial thinker,
including, the potential to contribute critical spatial understanding to information at the interface
between disciplines; to work in a team; to explain the space-time context to non-experts; the ability to
develop new and highly original spatially informed ideas; to enable sustained and successful dialog
within an international community of spatially aware scientists; to disseminate spatial understanding
through teaching and curriculum development at K-12 and undergraduate levels; and to transfer spatial
technologies and spatial concepts across different knowledge domains and problem sets.

Willingham (2007) asks whether critical thinking can actually be taught suggesting that there is no set of
critical thinking skills that can be acquired and deployed regardless of context. He suggests there are
metacognitive strategies that, once learned, make critical thinking more likely and that the ability to think
critically depends on domain knowledge and practice. Therefore proposing that teaching students to
think critically probably lies in large part in enabling them to deploy the right type of thinking at the right
time. Kaminske (2020) confirms it is context dependent and people can therefore be good at critical
thinking in one domain, but bad in others.

Critical spatial thinking typically refers to a deeper understanding of relationships such as spatial
dependence or spatial heterogeneity (National Research Council 2006); or to reflexivity in the use of
spatial data and technologies (e.g. assessing the reliability of digital spatial data and geospatial
representations or making and evaluating arguments with spatial data and maps

Kim and Bednarz (2013) suggest critical spatial thinking is a key aptitude for civic engagement via digital
geotechnologies. They developed an interview-based critical spatial thinking oral test (A Critical Spatial
Thinking Oral Test - CSTOT) to test problem solving on their own and used the test to investigate the
effects of Geographic Information System (GIS) learning on three components of critical spatial thinking:
evaluating data reliability, exercising spatial reasoning, and assessing problem-solving validity (Golledge
et al,, 2008). Their study demonstrated that doing a GIS course was beneficial in enhancing students’
critical spatial thinking, identified as the ability to assess data reliability, use sound spatial reasoning, and
evaluate problem-solving validity. They say that this could be explained by the nature of learning to use
GIS, as spatial reasoning is required so students are able to apply ideas in practice and solve problems.

Milson and Curtis (2009) found that learning with GIS was an effective way to enhance students’ critical
spatial thinking. These researchers asked students to select a suitable location for a new business.
Students had to determine criteria on which to base their decision, find data to support the criteria, and
finally defend their thinking processes, all of which supported the development of critical spatial thinking.
Liu et al. (2010) reported that problem-based learning with GIS developed students’ higher order
thinking, such as analytical and evaluation skills.

Most concepts of critical spatial thinking are either strongly oriented towards geospatial representation
or concern how digital spatial data are made and disseminated. By focusing on geospatial data and
representation, these notions of critical spatial thinking do not relate to what young people need to know
or understand about the world around them and their civic engagement. However, it is necessary to learn
from first hand reliable sources and to represent data to enable a clear and real interpretation of
inequalities. Students’ education must include understanding how inequalities in society are generated
and how they and other social actors might intervene to challenge them.
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6.2 Active pedagogies and enquiry-based learning

The use of geotechnologies in schools facilitates the implementation of enquiry-based-learning (Sanchez,
2008a) and open-ended projects for teaching (Kerski, 2008). This is probably partly due to the fact that
GIS allows classroom procedures that are close to professional procedures, including modelling or
simulation (Sanchez, 2008b). Pedagogic developments have echoed the “hands-on” emphasis in much
Geography education, characterised by active learning in the field and laboratory, and the adoption of
Kolb’s experiential learning theory (Healey and Jenkins, 2000).

Mathews and Wikle (2019) found that active learning pedagogies are becoming more firmly established,
supplementing or replacing traditional teaching approaches. The strategies that encourage active
learning are based on interactivity in learning-by-doing (Scheyvens et al., 2008). In addition to facilitating
student engagement, active learning encourages elements of critical thinking through student reflection
(Scheyvens et al,, 2008) and student-driven problem-solving that may involve real-world data (Conners
et al.,, 1998). Chen (1997) applied problem-solving to active GIS learning activities (Figure 20). These
student-centered approaches are also well documented outside the use of GIS (Park, 2018).
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Figure 20: Problem solving and active learning with GIS (after Chen, 1997)

In terms of scope, active learning includes a range of strategies with varying levels of student
engagement, such as “flipped” classrooms where meeting times are reorganized to replace traditional
lectures with student-centred activities. Students in flipped classrooms review other materials in advance
of class meetings, enabling class time to focus on productive open-ended discussion or collaborative
learning activities (Reidsema et al., 2017). Similar active learning methods that were noted included
“think-pair-share”, which can be introduced using a reading assignment or presentation followed by a
series of questions posed by the teacher. Students subsequently write reflective statements and then
work in pairs or small groups to discuss and complete assignments. Although not focused on GIS, several
other studies demonstrated the effectiveness of active learning in increasing student engagement and
performance (Lee and Shahrill, 2018). Some disadvantages of active learning strategies have also been
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noted, such as the added time needed for preparing materials and challenges presented by large class
sizes.

Despite the benefits associated with active pedagogical approaches, a recent survey of science,
technology, engineering, and mathematics (STEM) fields demonstrated that the majority of college
teachers continue to rely on passive, lecture-based instructional methods (Stains et al., 2018). As noted by
Seremet and Chalkley (2015), GIS courses are no exception. It is commonly accepted that when theory is
combined with practice, the educational output becomes beneficial for the students’ learning. Traditional
teaching methods are supplemented by other approaches, such as enquiry-based learning, which involve
complex problems and scenarios with fieldwork and case studies. Therefore, when used to its full
potential, the use of GIS in schools can provide a learning environment with proven potential for enquiry-
based activities, with students learning about geographical problems, issues and events of real-world
relevance (Fargher and Rayner, 2012).

Enquiry-based learning involves exploring, analysing and acting upon geographical knowledge. Teachers
need to be more critically aware of the kinds of geographical thinking that can and cannot be enhanced
through GIS. Enquiry learning includes such process skills as observing, classifying, measuring,
predicting, inferring, summarising, communicating, collecting data, analysing data, drawing conclusions,
building models, interpreting evidence, and experimenting. Through enquiry learning, problem solving
strategies are employed to identify assumptions and consider alternative explanations.

GIS enquiry is usually based on five steps (Table 4), with students are encouraged exploring spatial
relations and patterns among data and drawing sensible explanations towards the observations.

Table 4: Steps to enquiry with GIS (after Fargher, 2018)

Step What to Do Type of Knowledge Construction
Ask a geographical Ask questions about the world around | Enquiry
question you
Acquire geographical Identify data and information that you | Inventory
data need to answer your questions
Explore geographical Turn the data into maps, tables, graphs | Spatial processing and analysis
data and look for patterns and relationships
Analyse geographical Test a hypothesis, carry out map, Spatial Analysis, Modelling,
information statistical, written analysis using

evidence
Act with geographical Take outcomes and evidence and Decision Making, Dissemination
knowledge undertake actions to further them

These steps are intended to teach disciplinary content through the development of higher-order, enquiry-
process skills (i.e., formulating research questions, designing or implementing systematic data collection,
analysing and synthesising data, and so on). Such enquiry-based activities are critical to the development
of problem-solving skills, which, as the world has seen must be emphasised in education so that they are
prepared to effectively and efficiently solve real world challenges.

Bonnstetter (1998) described enquiry as an evolutionary learning process in which the roles of the
teacher and student change as shown in Table 5. Enquiry learning can be defined as the student-based
exploration of an authentic problem using the processes and tools of the discipline or content. Process
skills may include observing, classifying, measuring, predicting, inferring, summarizing, communicating,
collecting data, analysing data, drawing conclusions, building models, interpreting evidence, and
experimenting. This approach has the potential to change geography education for the better because it
can be used to provide means of accessing and analysing geographical data that can support deeper
geographical understanding.
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Table 5: Enquiry evolution (after Bonnstetter, 1998)

Traditional Structured Guided | Student | Student
Hands-on Inquiry Inquiry |Directed | Research

Inquiry
opic Teacher Teacher Teacher | Teacher | Teacher!
Student
Teacher Teacher Teacher |Teacher/| Student

Student
Materials Teacher Teacher Teacher | Student | Student
rel Teacher Teacher Teacher/ | Student | Student

Student

Result/Analysis| Teacher TeachernStudent | Student | Student | Student
Conclusions | Teacher Student Student | Student | Student
Teacher Controlled Student Controlled
Exogenous—————Cognitive Developmant--———--—-—-Endogenous
Focus on Teaching Focus on Leaming

Walshe (2017), reporting on trainee teachers and their use of GIS, confirmed that with regular use they
developed a more nuanced understanding of the nature of GIS, from seeing it as a method of data display
to recognising its value for supporting student-centred, enquiry-based learning and the development of
geospatial thinking. Their repeated exposure to GIS with increasing complexity supported the
development of their practice as it gave them the opportunity to engage with it at their own pace,
allowing them to ‘try out’ ideas in school and then share their ideas with their peers and integrating the
use of GIS into their teaching. Enquiry based learning can also integrate many other techniques, such as
learning in equal pairs and collaborative learning (Figure 21).

1. Come up with
h geographical questions N

5. Correct and wise use W ?

f knowled. 4 2. Outdoor and
g e 6 / @ geoinformation access

4. Geoinformation s
3. Organizing

analysis

geoinformation

Figure 21: Steps in GIS enquiry (Source: De Lazaro, De Miguel and Buzo, 2016)

A recent survey of the geo-education community found that active learning pedagogies have become
more firmly established, supplementing or replacing traditional teaching approaches (Mathews and
Wikle 2019). This is consistent with the idea that the learning process being experienced by students is a

Gl Pedagogy Project https://www.gilearner.ugent.be/gi-pedagogy/ 2019-1-UK01-KA203-061576



Co-funded by the
Erasmus+ Programme
of the European Union

dynamic and active one, and approaches by instructors that are ineffective can be counter-productive
(DiBiase 2018). Project-based and problem-based learning were the most popular approaches as they
most closely mimic authentic, real-world experiences (Bowlick et al. 2016, Howarth and Sinton, 2011).

6.3 Problem-based learning and context-based learning

GIS educators have largely adopted innovative approaches such as problem-based learning (Drennon,
2005) and participatory action (Elwood, 2009) in courses. Problem based learning (PBL) has become
regarded as an effective and popular format for learning with GIS. Working through problems with GIS
operations mimics the application of GIS to “real-world” issues. In PBL, the learning outcomes are often
unstructured, with the students in control of the process through which solutions will be identified and
reached. In this form, students are presented with a situation and then proceed to organize the strategies
and methods for gathering information and reaching an outcome. An authentic problem is at the heart of
the experience, reflecting the real-world uncertainties, messiness, tensions, and politics.

In classroom settings, according to Howarth and Sinton (2011) PBL is more structured and can take
multiple forms with varying degrees of problem complexity and teacher involvement. However, the
amount of time may dictate that the problems themselves are simplified, with prepared data and
expected outcomes. The burden of design and preparation is on the teacher and activities are highly
controlled. Sanchez (2009) suggested the pedagogical features of a problem-based-learning approach
appeared to have a positive impact on the students use of geotechnologies in schools.

Hubeau et al. (2011) introduced a Supervised Self-Study (SSS) teaching approach in the practical parts of
the GIS and Technology courses at KU Leuven in Belgium. The students solve and report back on a set of
exercises using with Free and Open Source Software systems (FOSS), while having the possibility to
receive supervision and feedback. Students use “conceptual exercises” to solve problems independently
of which GIS software tools are being used. The main advantages of this teaching approach is in the time-
efficiency and the stimulus for students to deal actively with the learning materials. Their research
revealed that if insufficient human support, advice and feedback available then students could lose
interest and motivation.

Rickles. Ellul and Hacklay (2017), focus on how to improve learning GIS in an interdisciplinary research
context. Context-based learning (CBL) is described as a pedagogical methodology that, in all its disparate
forms, centres on the belief that both the social context of the learning environment and the real, concrete
context of knowing are pivotal in the acquisition and processing of knowledge. This concerns therefore
the learning environment and the real, concrete learning activity context of knowledge acquisition. The
authenticity (i.e. relevance to real-world problems) is key to engaging the learners and allowing them to
reflect on the learning process when learning with GIS.

6.4 Project-based approaches

Many approaches to using GIS in school education have been related to project-based pedagogies (Milson
and Earle, 2007; Kerski, 2008; Favier, et al., 2009; Demirci et al., 2011). De Lazaro y Torres et al. (2016)
raise the need to integrate Geography learning technologies in schools. For this, it is necessary to train
future teachers by providing relevant educational experiences. They propose an active methodology and
group techniques, many of which are used in the professional world, such as problem-based learning and
project-based learning.

Demirci et al (2010) introduce a nationally funded project designed to use GIS to develop social
sensitivity among students through the implementation of GIS-based projects in geography lessons at
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secondary school. The project involves students in different activities ranging from conducting a survey
of the public, identifying the main social, economic and environmental problems in society, developing
projects to solve some of the current problems in cooperation with governmental agencies, using GIS to
collect, store, manipulate, and analyse data, and informing public and relevant institutions about the
outcome of their projects. The develop project-based learning, with the use of information and
communication technologies, and development of students’ social sensitivity and may also be labelled as
service learning.

Esteves and Rocha (2015) analyse how Portuguese Geography Education has addressed teaching with
GIS. They present some projects that have been developed in order to enhance the use of GIS in the
classroom. They suggest the teacher should create procedures that would lead the students to realize that
there can be multiple hypotheses in real problem solving. Therefore, the identification processes and
learning of spatial-temporal transformation would be facilitated, which is fundamental to the
understanding of geographical phenomena.

Esteves and Rocha (2015) describe a secondary school project called “We Propose!”, in which schools
identify local problems, create solutions and present these at the University of Lisbon and later to local
authorities. In curriculum terms the K11 students involved are required to develop a case study during
the school year. The students research local problems (within the Geography syllabus), contact local
authorities to learn about more about the problems and what is happening in terms of planning at a local
scale. They get GIS training so geotechnology can be used to present proposed solutions and present
research-based proposals to solve the identified problems. Students thus become engaged in active
citizenship: an important skill acquired in Geography Education. They develop and use GIS skills, work on
real life problems and present the research they carried out to local authorities. Furthermore, the
municipal authorities will implement the students’ research project in the city.

Huei-Tse et al. (2016) analyse the use of a web map mind tool created for tour planning in order to assist
learners’ project-based learning. Students’ assessment demonstrated a positive attitude toward the
collaborative problem-solving learning and improvement on their cognitive skills. They confirmed the
work of Jo and Bednarz (2009) which suggested the cognitive processes of spatial thinking consisted of
three levels, firstly describing, specifying and observing a piece of information (thinking). Secondly,
processing of information where analysis, classification and interpretation takes place to acquire
understanding. The third level is where information is evaluated and integrated to create new knowledge.

6.5 Learning Progressions, Trajectories and learning lines

Learning Progressions (LP) provides an approach to studying how students advance their knowledge
about a subject as their intellectual ideas and ability to communicate grow. It is a method used by
education researchers to better understand and document the capabilities of students as they move along
a pathway to greater understanding. To develop a learning progression, the researcher immerses herself
in trying to understand the multiple pathways that students take to reach different waypoints of
knowledge about a subject (Huynh et al., 2015).

An understanding of learning progressions may help understand how learners’ geospatial thinking
evolves over time. The development of a learning progression for geospatial thinking would include an
ordering of geospatial concepts that builds toward more sophisticated geospatial understandings and
reasoning skills, while providing learning strategies and learning experiences to support student
development along the progression. Assessment measures to define students’ progress on the learning
progression will also need to be included.
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Learning Trajectories (LT) are defined as empirically supported hypotheses about the levels or waypoints
of thinking, knowledge, and skill in using knowledge, that students are likely to go through as they learn

and reach or exceed the common goals set for their learning (Solem et al.,, 2014). The LPs and LTs shift
the focus from the endpoint to understanding how ideas build upon one another as students develop
desired knowledge, skills, and practices in a discipline. It does not imply that there is a single path

through the progression, multiple paths are likely.
A Learning Progression is a road map to chart how different students proceed to the next or more

sophisticated level of understanding (Larsen et al., 2018). Learning Progressions have an upper and

lower anchor and levels of understanding (Figure 22). The lower anchor represents the emerging
knowledge students have as novice learners of a construct or practice and the upper anchor is a depiction

of what learners should know and be able to do after learning has occurred.
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Figure 22: Learning progression components (after Larsen et al., 2018)

Huynh et al. (2015) suggest a Learning Progression typically comes in three stages. The first stage
involves the creation of a hypothetical progression based on core ideas and skill sets. In the second stage,
the lower and upper anchors are refined by researchers based on their experience with students and

develop resources and potential assessment materials related to a particular concept. Finally, in the third
stage, experiments are conducted to trace student learning over time. Student understanding is assessed

through a set of progress variables (Gunckel et al. 2012). Throughout a detailed and iterative process,
researchers work to edit and revise the Learning Progression based on their interactions with students

(Stevens et al. 2015).
The GeoProgressions project (Solem,, Huynh and Boehm, 2015) was an initial look at the potential value
of applying learning progressions to maps, geospatial technology, and spatial thinking, suggests that this
line of scholarly research has significant potential to transform aspects of geography education (Huynh et

De Miguel Gonzalez and De Lazaro Torres (2020) present the Digital Atlas for Schools (ADE) and discuss

al., 2015).
different learning methods, progression models and tools (Table 6). Empirical research on learning
results and benefits from learning with ADE are described. They show how ADE is a powerful tool to help

learn geography as it fosters more meaningful learning than conventional instructional resources. It helps
in the goal to balance spatial thinking, geographical knowledge and spatial citizenship. School and higher
education participants experienced effective learning implementing the Digital Atlas, although this was
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Table 6: Learning progression for spatial thinking with the Digital Atlas

Level 0 No evidence of understanding

Level 1 Students can understand primitive geospatial concepts such as identity, location

Level 2 Students can identify spatial distribution as a simple concept

Level 3 Students can establish geospatial relations and identify clusters in the map, a difficult
concept

Level 4 Students can identify corridors and buffers in the map as complicated geospatial concepts

Level 5 Students acquire extended abstract thinking, as they can generalise complex spatial
structures such as hierarchy or central place

Zwartjes (2018) presents the GI Learner project and the concept of learning lines. A learning line is an
educational term for the construction of knowledge and skills throughout the whole curriculum,
reflecting a growing level of complexity, ranging from easy (more basic skills and knowledge) to difficult
(Lindner-Fally & Zwartjes, 2012). GI-Learner aimed to help teachers, and in the longer-term
governments, implement learning lines for geospatial thinking in secondary schools. In order to do this,
the project defined a set of 10 geospatial thinking competencies, created learning lines and translated
them into learning objectives and teaching and learning materials for the whole curriculum (K7 to K12).
Each block of learning builds on the previous (Figure 23).
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Figure 23: A learning line showing learning progression

A ‘learning line’ as an overall framework for education and training, with a distinct sequence of steps
from beginners to experts, it is analytical; i.e. it distinguishes in detail the skills, knowledge and attitudes
on several levels that may be expected. It is competence-based, as it distinguishes a set of competences
that together build the overall competence in the field (Zwartjes, 2019).

De Miguel (2016) gives an overview on learning lines and the integration with the geographical inquiry
process (Table 7).

Table 7. Learning lines and geographical inquiry process

Zwartjes Roberts Kerski Arayo, Souto and Herrera
Level 1 | Perceiving | Creating a need to Asking Geographical Perceiving geographical
know questions environment
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Level 2 | Analysing | Making sense of Acquiring geographical | Analysing geographical
geographical resources environment
information
Level 3 | Structuring | Reflecting on Exploring geographical | Interpreting geographical
learning data environment
Level 4 | Applying Analysing geographical | Acting on geographical
information environment
Level 5 Acting on geographical
knowledge

6.6 Cognitive Load Theory

Cognitive load theory has developed into an influential learning theory based on our knowledge of human
cognition supported by a robust evidence base (Sweller, 2011). The theory assumes that knowledge can
be divided into biologically primary knowledge that are generic and we have evolved to acquire and
secondary knowledge that is usually domain specific, important for cultural reasons and that requires
explicit instruction in education contexts. Secondary knowledge, unlike primary knowledge, is the subject
of teaching and learning. In terms of secondary knowledge, human cognition requires a very large
information store, the contents of which are acquired largely by obtaining information from other
information stores. Only very limited amounts of new information can be processed at any given time. In
contrast, very large amounts of organized information stored in the information store can be processed in
order to generate complex action.

A major function of cognitive load effects is to provide specific instructional design guidelines (Sweller,
2020). Intrinsic cognitive load is determined by the intrinsic properties of the information being
processed. Extraneous cognitive load is determined by instructional procedures, those that use teacher
materials. The extrinsic approach is understood as good instructional material. The vast majority of the
cognitive load effects are due to changes in extraneous cognitive load.

Sweller (1988) suggested the cognitive load imposed on a person using a complex problem-solving
strategy may be an important factor interfering with their learning. Cognitive load theory provides
teaching recommendations based on our knowledge of human cognition (Sweller, 2020). Secondary
knowledge is firstly processed by a limited capacity, limited duration working memory before being
permanently stored in long-term memory from where unlimited amounts of information can be
transferred back to working memory to govern appropriate action. The theory uses this cognitive
architecture to design teaching and learning procedures relevant to complex information that requires a
reduction in working memory load. Many of these procedures can be most readily used with the
assistance of educational technology.

Howarth and Sinton (2011) gather strategies to reduce the difficulty of problem-based learning based on
research in cognitive load theory. A major focus concerns cognitive structures (problem schemata) that
allow students to recognize the categories of problem states, based on their possible solutions or
allowable moves (Sweller, 1988). The acquisition of problem schemata may be affected by the intrinsic
complexity of the problem, the extraneous load from the design of the learning material and the germane
load, resulting from activities that facilitate the acquisition of schemata into long-term memory (Sweller,
2010). Problem-based learning should be designed to manage these sources of cognitive load in order to
facilitate the learning of problem schemata. Didau (2019) describes schema theory, where the ability to

Gl Pedagogy Project https://www.gilearner.ugent.be/gi-pedagogy/ 2019-1-UK01-KA203-061576



Co-funded by the
Erasmus+ Programme
of the European Union

reclaim items in memory is dependent on cues and prompts that help us to retrieve some connected
information.

Solving problems with GIS is a complex undertaking as students must learn and apply general spatial
concepts (e.g. location, distance, hierarchy), concepts of spatial representation and analysis with GIS (e.g.
raster, vector, buffer), and spatial representation and analysis that are specific to particular GIS platform
Howarth and Sinton, 2011). Students must also deal with the subject content and concepts that are
specific to the problem. It is suggested that teachers may reduce the problem-solving complexity with GIS
by carefully providing a learning sequence (Shibli and West, 2018). Coe (2020) describes retrieval
practice, which can be done using a variety of activities. It has been found to be one of the most useful
techniques to improve student learning in various contexts, justifying its wide spread use by teachers
(Dunlosky et al., 2013). Research has shown that rereading and creating concept maps is not as effective
as the testing effect of quizzes, despite many students using these approaches (Sumeracki and Weinstein,
2018).

Repeated retrieval using activities of increasing difficulty has been found to be very beneficial for
learning, although it is important that teachers monitor and adjust strategies accordingly (Kapler et al,
2015). There is little difference between using short answer (which are harder) and multiple choice
questions (which are easier to mark), or a hybrid format, nor does the timing of the questions within the
lesson make a difference long term (Little et al, 2012) - but what is key for learning, is the importance of
providing sufficient opportunities for retrieval whether it be interspersed quizzes throughout the lesson
or afterwards. In reality, the teacher has to have the skills to ask good questions. Teachers therefore need
guidance to help them develop their capabilities to establish what works.

Cognitive Load Theory suggests that the more intermediate steps a problem has, the greater the strain on
working memory to keep all of the variables organized and the greater the challenge to anticipate how
they will interact with one another as solutions are envisioned. Methods for sequencing material can be
based on the types of task and strategies for chunking problems can be based on the length and structure
of solutions (Doering and Veletsianos, 2007). The level of guidance provided by the teacher during
problem solving is a further issue as research has shown that teaching through worked examples, where
students are presented with a problem and work through its solution prior to having students solve
problems independently, can facilitate more effective learning (Sweller, 1988).

Sweller (2020) seeks to provide guidance concerning which educational technologies are likely to be
effective and how they should be used to identify those aspects of human cognition and evolutionary
psychology that are relevant to instructional design. The major function of the cognitive load effects is to
provide specific teaching guidelines that are directly relevant to technology-based education.

Sweller and Sweller (2006) propose five principles in which humans can acquire novel, secondary

information:

e Randomness as genesis, randomly selecting a possible solution and testing it for effectiveness closer
to the goal

e Borrowing and reorganising principle, dealing with secondary information from others for which we
do not have previously acquired knowledge, combining it with previously stored information before
the new information is itself stored.

e The narrow limits of change principle, describes the manner in which that information is initially
processed by working memory.

e The information store principle, once processed by working memory, domain-specific, secondary
information can be stored in long-term memory for later use.
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e The environmental organising and linking principle, on receiving appropriate signals, information
previously stored in long-term memory can be transferred to working memory to generate action.

Sweller (2020) summarises the instructional effects generated by Cognitive Load Theory (Table 8) and
confirm that Cognitive Load Theory is directly applicable to technology-assisted learning and that many
of the instructional procedures generated by the theory are difficult to use without the assistance of
educational technology.

Table 8: A summary of some instructional effects generated by Cognitive Load Theory

Instructional Effect Description

Worked example Studying worked examples is superior to solving the equivalent problems

Split-attention If multiple sources of information need to be considered simultaneously,
physically integrating them is superior to requiring learners to split their
attention between them

Modality I a diagram and text need to be considered simultancously and the text is
simple and short, presenting the text in spoken rather than written form is
superior

Transient High element interactivity information should be presented in permanent

rather than transient form or presented in smaller chunks
Redundancy Eliminating unnecessary information results in superior learning
Expertise reversal and ele-  With increases in expertise and decreases in element interactivity. information
ment interactivity that is essential for novices becomes redundant for more expert learners,
decreasing learning
Working memory depletion  Working memory use depletes working memory resources that recover after

rest

A better understanding of the design of multimedia learning materials is one of the ongoing research
areas (Mayer, 2008). The effectiveness of visual methods for teaching spatial concepts will support less
experienced learners. But may impede learning for more advanced students (Kalyuga, 2020). Chandler
and Sweller (1991) discuss the split attention effect, which can be caused if a diagram and the text are not
physically separated and so requires the learner to integrate them, increasing the cognitive load and
consequently reducing the capacity of the working memory. So, according to Chandler and Sweller (1991;
293), “Cognitive Load Theory suggests that effective learning materials facilitate learning by directing
cognitive resources towards activities that are relevant to learning”, practically implemented for instance
by designing visuals like Powerpoint to avoid overload Tharby (2019).

Castro-Alonso et al. (2019) examine Cognitive Load Theory in relation to visualisations, both in static
(e.g., illustrations and photographs) and in dynamic formats (e.g. animations and videos). They found that
though students enjoy these materials, their emotions and opinions are not always related to learning
taking place. Effective learning under these conditions is working memory processing. They showed that
instructional visualizations can optimize cognitive processing, and thus be effective tools for learning
about health and natural sciences. They described cognitive methods for increasing the effectiveness of
these visualisations; and portray how visuospatial processing impacts on science learning through
visualizations (Table 9).

Table 9: Methods to optimize visualizations and examples for visuospatial information (after Castro-
Alonso et al,, 2019)

Cognitive load Cognitive theory of Example of solution
theory multimedia learning
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Split attention effect | Spatial contiguity principle Physically integrate the visuospatial

information
Modality effect Modality principle Present some information auditorily
Redundancy effect Coherence principle Delete unimportant visuospatial
information
Signalling principle, using Signal important visuospatial
visual cues to the main focus | information
Transient Avoid fast-paced visuospatial
information effect information

CESE (2018) identify and illustrate seven teaching strategies that can help teachers to maximise student
learning (Figure 24). These strategies work by optimising the load on students’ working memories.

STRATEGY 1
Tailor lessons according to students’ existing knowledge and skill

‘Element interactivity effect’

STRATEGY 2
Use worked examples to teach students new content or skills

‘Worked example effect’

STRATEGY 3
Gradually increase independent problem-solving as students become more proficient

‘Expertise reversal effect

STRATEGY 4
Cut out inessential information

‘Redundancy effect’

STRATEGY 5
Present all the essential information together
'Split-attention effect’

STRATEGY 6
Simplify complex information by presenting it both orally and visually
'Modality effect’

STRATEGY 7

Encourage students to visualise concepts and procedures that they have learnt
‘Imagination effect’

Figure 24: Teaching strategies from cognitive load theory (CESE, 2018)

Related to Cognitive Load Theory, Enser (2019) explains some implications for teachers, they need to
manage the intrinsic difficulty of learning and tasks and ‘extraneous’ load, by providing steps, with
scaffolding, over time, teachers should gradually remove the scaffolding to enable students to move
towards independence. Worked examples should be used which eliminate non-essential information and
dual coding should be used presenting oral and visual information together and regularly review the
learning taking place.
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Brookman-Byrne and Thomas (2018) discuss the important links for learning between neuroscience and
education. They suggest its relevance to better understand the processes that underlie the mechanisms of
learning. Ways of understanding the brain have included measuring oxygenated blood flow to link
functions to energy used, brain activity and eye tracking and the concept of left and right brain learners.

According to Sherrington (2019), based on the simple model of how the brain works, as the working
memory is so limited, learning needs to develop schema in the long-term memory able to connect new
information to existing knowledge (Figure 25). This can then be reinforced by practice in recalling newly
learn material which helps to reduce cognitive overload, and the more fluent this retrieval of stored
information becomes the greater capacity the working memory will have for new learning, which
describes the difference between novice and expert learners. Sequencing concepts and modelling
requires advanced planning as ideas should be presented in small steps, one at a time and supported with

clear and detailed explanations. Teachers should model these steps by thinking 'out loud’ and reteaching
bits, if needed.
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Figure 25: Modelling the brain (Sherrington, 2019)

Practice lies at the heart of learning, and needs to be guided using a variety of learning activities which
‘rephrase, elaborate and summarise new material’ making sure that there is a high success rate, which is
important for the less knowledgeable students, to help them form schema early on, and build confidence.

Sherrington (ibid) suggests that planning of resources should take place so all students can achieve
success in their learning. The ultimate goal of teaching should be independence, with a transition from
guided scaffolded practice. The students can start to set their own goals for improvement based on
feedback as support is reduced. Sherrington suggests involving the students in well-structured

collaborative learning tasks, which Rosenshine (1986) called cooperative learning, so they can practice by
explaining and questioning one another.

According to Howard-Jones et al. (2018), the ‘Science of learning’ provides a useful framework for
classroom practice, and is a good starting point for breaking down learning into different component
processes for analysis (Figure 26). Teachers focus on specific aspects of the learning such as learner
engagement, which involves subcortical processes influencing cortical brain activity and readiness to
learn through praise and reward; building knowledge and understanding by activating working memory,
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where effective teachers concisely communicate two-way meaningful connections between new and

prior knowledge; consolidation of learning by creating recall efforts moving knowledge to long term

memory. They suggest that as the engage - build - consolidate processes occur simultaneously, they can

be used as a simple means of understanding learning better rather than a prescriptive model for

classroom practice. These principles are only starting to be applied

to teaching, so there is still a need for

teachers to base their decisions on their own ideas about how the learning they observe takes place in

their own classrooms and not simply on these scientific terms. There are considerable gaps that exist

with this theoretical base.

These broad headings provide

a starting point for breaking

down learning into component

processes, and may occur

in different sequences or (
simultaneously
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Figure 26: Learning process categories (Howard-Jones et al., 2018)
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7 Training teachers for GIS

Crespo (2019) raised the need to train competent teachers capable of creating digital content and use

learning environments. He said the knowledge of the numerous digital cartographic resources offered

online and recognising their didactic potential would be a necessary first step for such training. He stated

that online mapping tools not only represent a significant advance in the possibilities of analysing
landscape, but their use also contributes positively to developing skills that can help students demanded
today and in the future. The use and application of technology therefore should be integrated into

curricular content.

Hohnle et al. (2016) presented research about optimising the use of geoinformation in geography

classrooms in Germany through the improvement of teacher training. They address the features of

effective training activities and present the result of their research project aiming at improving

implementation of GIS in German schools. They provided a list of features of effective professional
development activities were compiled for teacher training and GIS (Table 10).

Table 10. Empirically deduced recommendations for the conception of GI training activities in continuing
teacher education (adapted from Hohnle et al.,, 2016)

Teacher education
features

Requirements for training
activities

Training activity design

duration, time budget

structured as continuing
cumulative events

support over a longer period of time / regular
refresher courses / reduction of lessons for
participating teachers / ongoing support

professional learning
communities

Participation of teacher
teams

cooperation between teachers / integration of
different subjects / ongoing support of learning
community / regular face-to-face meetings in
online-based communities

institutional framework
conditions

formal support for
training; activities
promoted, provision of
tools, software and data

training organization at school / offer general
technology training for teachers as a
precondition for GIS

integration of different
expertise

abilities of teacher trainers

inclusion of different experts and experienced
teachers

subject-matter
knowledge, reference
to curriculum

focus on concrete
reference to the classroom
and to teaching practice

two-step model: first technical introduction,
then didactical introduction / formulation of
standards for each age group / common GIS
curriculum / individual assistance for
development of curricular plans / learn how to
customize lesson plans

close consideration of
findings of classroom
research

demonstration of
didactical added value

non computer-based introduction to GIS
concepts / discussion of opportunities for GIS in
learning of students / orientation of principles
for inquiry-based learning

Making co-creation
possible

work on a student project with local reference
for teachers / time to exchange ideas and
experiences between teachers / know
experience of participants before start / use
stages with interim results / program flexibility
to meet teacher interests and needs

phases of input,
development, testing,
and reflection

inclusion of practical
exercises; promote contact,
exchange, and cooperation
between teachers; make a

make concrete teaching examples available for
orientation / creation of video clips of successful
projects for presentation / own design of
teaching units, training activities according to
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detailed handout available | inquiry-based learning principles / exchange of
with all the materials materials / integrate field trip for acquiring and
preparing data / hands-on activities / working
with own laptop / divide program into various
sessions so teachers can check out things in their
own classroom in between / integrate
homework for the teachers / detailed handout,
video tutorial, software tutorial ...

experiencing own intense personal support discuss questions / discuss own teaching units
efficacy, feedback, and advice or experiences / technical and moral support
coaching

Hong, and Melville (2018) introduce an approach to designing effective GIS professional development
based on six features: (1) collective participation, (2) practice time, (3) time for lesson development and
presentation, (4) state and national standards, (5) district support and direct involvement, and (6)
professional support. They concluded that practice time, time for lesson development and presentation,
and district support and direct involvement appeared to be crucial to making GIS professional
development successful.

Mitchell et al. (2018) highlighted the importance of establishing well-structured professional
development that builds community, integrates diverse content and pedagogical expertise, provides
feedback and coaching, and is of sufficient duration to effect change. They indicated professional
development would take more time than expected and require follow-up and coaching for greater
effectiveness. Developing geographic thinking and working with traditional geographic concepts (scale,
pattern, region, diffusion, etc.) should be equally important to developing technological proficiency.

Millsaps and Harrington (2017) used the TPACK and SAMR model to create a teacher training framework
(Table 11).

Table 11: The SAMR model for training teachers (Millsaps and Harrington, 2017)

SAMR Model
Transformation Redefinition Technology allows for the creation of
new tasks, previously inconceivable
Modification Technology allows for significant task redesign
Enhancement Augmentation Technology acts as a direct tool substitute,
with functional improvement
Substitution Technology acts as a direct tool substitute,
with no functional change

Hong (2017) reports on a case study about designing GIS learning materials for K-12 teachers, based on a
User Centred Design (UCD) approach (Figure 27), which assumes that knowledge is constructed by active
learners (Sharp et al, 2007). A UCD approach is a framework to design and develop a user-friendly
product, system or interface based on considerations of user needs, objectives and their specific
circumstances (Baek et al.,, 2008).
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Figure 27: The User Centred Design (UCD) model (adapted from Sharp et al., 2007)

Donert et al. (2016) introduce the GI Learner approach that models how secondary schools could adopt a
GIScience learning line from age groups K7 to K12 taking into account the age and capabilities of
students. This can be achieved by the integration of spatial thinking and the translation of spatial
competences into real learning objectives. The article presents GI-Learner competences based on a broad
literature review and establishes a roadmap for support activities for geospatial learning in schools.

Walshe (2017) explored the responses of trainee geography teachers to a GIS training programme (Table
12) across their postgraduate education year.

Table 12: Training programme for Geography trainee teachers (Walshe, 2017)

Activity Overview GIS focus
September | Introduction Practical introduction using | Set up accounts, basic skills including
to GIS open source data to explore | measuring distance, adding map notes,
recent Chilean earthquake, importing external data (from USGS) into
analysing a global event GIS, creating cross sections using
elevation profile app, create simple Story
Maps

November | GIS fieldtrip Two days exploring the use | Introduction to Collector app for ArcGIS,
of ArcGIS Online in field- adding fieldwork data, using a range of
based geographical enquiry, | mapping options, such as heat maps to
trainees consider how GIS display data, planning routes using
can develop critical spatial proximity tools
thinking during full enquiry
sequence.

December | GIS training Advanced data analysis Use a range of find location tools,
workshop with specific including creating watersheds and
referenced to drainage tracing rivers downstream, use a range of
basin river flooding external data including flood risk data to
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analysis. Development of examine risks, use Scene to view 3D
TPCK through designing topography
enquiry-based lesson plans.

December | Training for Introduction to GIS Setting up accounts, basic skills,
school measuring area distance and adding map
mentors notes, importing external data into GIS as

csv files

January Story Map Trainees produce a More complex Story Maps, sourcing
activity StoryMap on the geography | socio-economic data and importing into

of their school’c catchment | GIS, creating choropleth maps from
to include a range of socio- different indicators

economic data such as Index

of Multiple Deprivation

March GIS training Practical training and Accessing crime data, importing into GIS,

day support session by a spatial analysis tools including the
practising teacher interpolation tool to produce isoline
maps, hot spot analysis, surface density
mapping, use proximity tools buffer and
find nearest. Use mobile devices to
support GIS: Collector app and
Snap2Map.

May ESRI Optional participation to Observe industry-based applications of
conference develop expertise in using GIS, supporting existing teachers,

GIS and observing industry- | Introduction to ArcGIS Online Sways
based applications.

June Geography Plan and run a training Access Story Map gallery, Importing
students train | session o GIS for biologists. | external data and adding internal map
biologists layers e.g. relating to ecosystems, flora

and fauna populations, patterns of
disease

June Dissemination | Share examples of their Share ideas and resources
event practice to each other.

June GIS training Training for mentors with Basic skills, including measuring distance
for mentors presentation by a trainee and adding map notes, importing

teacher external data into GIS as csv, creating
cross-sections using the Elevation Profile
app, creating simple StoryMaps using
templates, working with IMD data and
producing choropleth maps, using
Collector app to support fieldwork

The most successful trainee teachers had previous experience with GIS making then more self-confident.
All trainees quickly learned the potential GIS has for supporting enquiry-based learning using geospatial
data. It was very important for them to deal with practical, relevant examples of how GIS can be used to
support learning in the classroom. Being aware of the relevance and usefulness of GIS and web-based GIS
were more important that knowing about the different applications of GIS in schools. Nevertheless, the
appears to be strongly on learning GIS skills, learning about GIS, rather than the geography or learning
with GIS, or effective pedagogy for both e.g. what pedagogical model is most effective for teaching with or
about GIS; how can teaching with or about GIS help to improve a teacher’s pedagogy?
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Kuijpers (2019) examined the extent to which it is possible to support teachers from secondary education
with the introduction of GIS in their classes, for instance by using university teachers to help them
integrate content, pedagogical and technological knowledge. After a test with a class, students were
positive about the lesson, the teacher was inspired, and the GIS specialist thought it was an educational
experience to be able to transfer his knowledge to the teacher and students.

Tate and Jarvis (2017) were concerned with Communities of Practice (CoP) and the importance of
informal social participation for learning. They explored how CoPs and in particular virtual CoPs might
assist with learning to use GIS as some of these communities are linked with MOOCs and particular
qualification programmes.

Gl Pedagogy Project https://www.gilearner.ugent.be/gi-pedagogy/ 2019-1-UK01-KA203-061576



Co-funded by the
Erasmus+ Programme
of the European Union

8 Conclusions

Teachers are the "gatekeepers" of educational change and educational innovation. It is therefore
important to devote time and care to their training in pedagogical developments such as those associated
with learning with GIS. Much of the research gave information about teacher practices using
geotechnologies, but most teachers had not benefited from adequate training and support and they had
not mastered most of the concepts embedded in GIS material.

Stringer et al. (2019) gave four key recommendations for using technology:

1. Consider how technology is going to improve teaching and learning before introducing it.
2. Develop a clear rationale for improving the learning.

3. Consider ways to improve the impact of pupil practice.

4. Address improving assessment and feedback.

From this review it is the pedagogy associated with applying the technology that matters most, as
learning is affected by how the technology has been used in the classroom (Quinn, 2019). Writing about
the GI Learner Project, Donert et al. (2016) confirmed that “,...there is still a need for much more training,
additional learning and teaching materials, more examples of good practice, and a comprehensive and
well-structured compilation of digital-earth tools.”

8.1 Recommendations for GI Pedagogy

Stringer et al. (2019) illustrated issues from academic literature concerning the impact of GIS technology
and offer evidence about implementation and effective teaching practice. They suggest poor
implementation is the main reason why technology has not realised its potential to improve learning. The
challenge is to synthesise from the literature how this can be achieved.

The following are clearly identified recommendations from the literature produced for consideration:

Planning

e Plan training based on real needs and link GIS use to curriculum planning (Stringer et al., 2019).

e Model a way to naturally incorporate GIS tools into teaching (Curtis, 2019).

e Involve teachers in the process of developing instructional materials, using a user-centred design
(UCD) method (Hong, 2014).

e Plan to integrate technology fully using it with other resources, rather than use it a one-off learning
activity (Luckin et al.., 2012).

e Concerning Rosenshine’s principles, subjects should draw on a variety of lesson types and activities
which may well lead to subject specific models for developing knowledge, giving practice and
checking understanding, and that to get better at any of them, this needs to focus on one at a time
(Sherrington, 2019).

e C(reate inclusive educational practice, organise learning into levels based on the learner’s knowledge
background and learn how to appropriately construct teaching materials (Rickles and Ellul, 2017).

e “programmes need a balance between training which provides clear examples of how GIS can be used
in the classroom on the one hand, and instruction that requires trainees to learn at a higher, more
abstract level in order to support learning for understanding and transfer (Bednarz, 2004) on the
other” (Walshe, 2017;620)

e Develop teacher training for teachers with similar levels of expertise and knowledge sets to enhance
their ability to connect geospatial technologies with their curricula (Curtis, 2019).
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Approach

Use many types of active learning approach, from situations where students worked with a local
organisation (Benhart, 2000), problem-based learning where students solved a problem (King,
2008), field based techniques where students were involved in a field based enquiry (Carlson, 2007)
and web-based interactive learning modules (Clark et al., 2007).

Learning design should consider threshold concepts, be problem based, offer flexible learning
pathways in an authentic learning context with active learning approaches and encourage
multidisciplinarity (Srivastava and Tait, 2010).

Make GIS use in education enquiry-driven, problem solving and standards-based with a set of tasks
that incorporates fieldwork (Baker et al., 2012).

Integrate technical aspects of GIS with case studies (Bearman et al., 2016).

Pedagogy

Develop critical spatial thinking from a pedagogical point of view (Bearman et al., 2016).

Develop a flexible pedagogical framework that teaches not only about GIS but associated concepts
(Rickles and Ellul, 2017).

Use GIS to help develop critical spatial thinking, by using authentic data and connect students to their
own community (Baker et al.,, 2012).

Use elements related to spatial citizenship and the Spatial citizenship Web site
http://www.spatialcitizenship.org/ (Gryl et al., 2010)

Practical recommendations
A) Based on student learning

Include Cognitive Load Theory principles as a-foundation for training teachers (Rosenshine, .

Adapt practice by increasing the challenge of questions and providing new contexts for pupils to
apply their skills (Stringer et al.,, 2019).

Give support for retrieval practice and self-quizzing to increase retention of ideas and knowledge
(Stringer et al., 2019).

Provide meaningful learning through identification of geographical problems, geographical skills and
geographical knowledge (De Miguel, Koutsopoulos, and Donert 2019).

Adapt pedagogical practice so that it takes account of the findings of cognitive science and especially
the interaction of working memory and long-term memory, building of schema; notion of novice and
expert (Rosenshine, 2012; Sherrington, 2018)

One way to do this is to follow

Rosenshine’s Principles of Instruction.

Look at the impact of the pedagogy and approach, as well as the subject being taught and the specifics
of the school context (Stringer et al., 2019), including narrative and the power of stories.

Motivate student learning through employability skills like analysis of spatial information,
georeferencing, visualisation or mobile applications (MYGEO).

B) Based on tools

Use web maps and their analysis, Web-based GIS and create web map applications (Kerski and Baker,
2019).

Use geotechnologies to improve the capacity to handle geographic information as a part of their
digital culture (Sanchez, 2009).

Use visuals correctly for communicating complex ideas in an efficient way, leaving more cognitive
resources free to engage in higher order thinking (Caglioli, 2018).

Compile ArcGIS materials suitable for national conditions and student characteristics and provide
supporting materials for teachers, and set up relevant websites (Wu, 2018).
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e  C(Collect data using collaborative mapping tools based on citizen contributions, to allow mapping real
time data (Kerski and Baker, 2019).

Networking

e Develop a “Community of Practice” to support teachers learning (Tate and Jarvis, 2017), involving
teachers mentoring teachers.

e Develop a school network of geospatial classrooms with the mission for making geospatial education
accessible to all, similar to GeoForAll (Donert et al., 2016).

e Establish a GeoMentoring programme for teachers with teachers and trainers (Healey et al., 2018)
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