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1 Introduction 

1.1 Objectives of the Work Package 3 (WP3) 

There are two main objectives in Work Package 3 that relate to the development of a start-up 
model for teacher training. The first objective is to develop a schema that syntheses identified 
teacher needs related to Education for Sustainable Development (ESD) and key digital, green, 
and spatial competencies as documented in the international research literature. The second 
objective is to develop a prototype for in-service teacher training that addresses the main 
obstacles to implementing training units in schools, such as teachers' scarce time resources or 
the need for additional competencies to teach a cross-curricular topic. The biggest obstacle to 
achieving these goals is the limited time available for teachers to familiarise themselves with 
topics that have not played a major role in their own qualification training. On the other hand, 
the need to embed STEM education in schools is steadily increasing. 
The reasons for this increased investment in STEM education are manifold: 

Holistic learning: By combining different disciplines, STEM education promotes a holistic 
approach to learning. It encourages students to recognise the relationship and interplay 
between numerous lessons and different subjects. 

Relevance to the Real World: STEM education links what is learned in the classroom to 
practical applications. This helps students understand the practical implications of what they 
are learning and how it applies to various industries and professions. 

Preparation for Future Careers: Many of the fastest-growing and high-demand careers 
require skills in science, technology, engineering, and mathematics. By exposing students to 
STEM concepts early on, schools can better prepare them for future job opportunities in 
fields such as technology, engineering, healthcare, and more. 

Adaptability and Resilience: The rapidly changing nature of technology and the global 
economy requires individuals to be adaptable and resilient. STEM education promotes these 
qualities by teaching students to embrace change, learn from failures, and continuously 
improve their skills. 

Global competitiveness: In an increasingly interconnected world, countries that invest in 
STEAM education can improve their competitiveness on the global stage. A skilled and 
innovative workforce is critical to economic growth and development. 

Diversity and Inclusion: By drawing students with a range of interests and backgrounds, 
STEM education promotes diversity. By fostering inclusivity and dispelling prejudices, it 
guarantees that people from all backgrounds have an equal chance to pursue careers in 
STEM. 
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Environmental Awareness: An emphasis on environmental science and sustainability can be 
a part of STEM education, which helps students become aware of and comprehend the 
problems that our planet faces. 

However, the challenges that teachers face with all these highly complex requirements are 
often overwhelming. Essentially, teacher training must prepare the teacher for a lifelong 
adaptation to constantly changing challenges. However, this adaptation process can be 
moulded into a general training framework. 
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1.2 Purpose of deliverable D3.1 

This document describes how to implement a teacher training model under various framework 
conditions, which are caused by different scenarios in everyday school life. Special attention is 
paid to a particular framework condition that has become increasingly important across 
Europe in recent years, namely the need for a cross-curricular approach to school teaching. 
Specifically, this section contains a series of guides for teachers on how to run teacher training 
events related to the GEO-Concepts1. The concepts may be self-explanatory at first glance, but 
the way in which the concepts are translated into improved practice is complex, so it is vital 
that teachers are informed about the professional learning process that is effective and 
sustainable. An important part of the teacher training considerations outlined here is that they 
are intentionally general and context-free. By extension, this implies that teacher training is 
not a rigid recipe or checklist to follow. It is only ever a point of reference for reflection or to 
support coaching and feedback sessions. It is important that teachers adapt the general 
training model so that it takes shape in their very specific context - with their subject, their 
national curricula, their students, their classrooms, and their schools. ROBINSON (2003) writes 
in this context: “There is no silver bullet in teaching … Each teacher has to learn how to create 
the conditions that will produce the results they desire.” 

Nevertheless, the entire adaptation process should harbour a certain structure within itself. 
KNIGHT (2007), a pioneer in the evolution of instructional coaching, makes it clear that the 
training process must be supported by a professional, content-related component. Without 
the trainer's insight into the technical dimension of the training content, the value of a training 
session falls far short of the desired expectations. In recent years, the idea that the coach does 
not necessarily need to have specialist knowledge of the activity to be coached has been called 
into question - although this is a widespread practice in the field of executive coaching models 
(SIMS, 2019). At the same time, however, training limited to the subject is not enough. The 
training process must also be underpinned by pedagogically sound action. KNIGHT (2007) 
writes: “Teacher trainers work with teachers to help them integrate research-based teaching 
practices into their classrooms.” All effective training sessions have an evidence-based 
foundation with a well-curated list of techniques suitable for all ages and subjects. Training 
courses run the risk of being ineffective if they do not have a repertoire of effective practices 
to impart to teachers. This means that prepared one-page summaries of teaching practices – 
KNIGHT (2007) calls them "Strategies at a Glance" – are available to trainees so that they can 
quickly learn about the intervention. Busy teachers don't have the time to read all the 
necessary information - and they shouldn't have to reinvent the wheel themselves. At this 

 
1 Geo-Academy Geo-Concepts: 1. Cartography and development of spatial skills; 2. Geographical Information Systems (GIS), tools and 
technicques; 3. Remote sensing (RS), Earth Observation (EO) and Satellite applications; 4. Visualisation and synthesis of information through 
map storytelling; 5. STEAM education, robotics and coding. 
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point, reference should be made to the concept of “Small Steps” (ROSENSHINE, 2012) in 
combination with the practical implementation through the concept of "Teaching Sprints" 
(BREAKSPEAR & RYRIE JONES, 2021), which are examined in more detail in this report. Utilitarian 
considerations are at the forefront of every teacher training programme. Given limited time, 
it’s important to focus on activities around the learning challenges that students face in order 
to maximise the impact of a training programme. This requires consistent inclusion of key 
curriculum areas in the training cycle and a continuous process of prioritisation based on 
student needs. 
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2 The Bridge Model for teacher training 

The “Bridge-Model” for GEO Academy teacher training aims to bridge the gap between the 
national curricula on the one side and their translation into sustainable learning about green, 
digital and spatial topics by students on the other, which will be achieved through new 
educational tools to support this learning and change process. The "teacher needs analysis" 
carried out by Work Package 3 (WP3) identified numerous obstacles to the implementation of 
sustainable development topics in the classroom. Specifically, a teacher is confronted with 
several challenges at the same time. In order to master these challenges, teachers need time 
above all else. However, time is a resource that is rarely available in the required quantity in a 
busy professional life. Within these limited time resources, teachers must constantly update 
and supplement their subject-specific expertise in line with the interdisciplinary dimension of 
STEM teaching. At the same time, however, this is also linked to subject-specific didactic 
knowledge and knowledge about learning in general in order to fulfil the requirements in the 
classroom. 

To support teachers, it is not enough to present them with the newly developed tools for 
teaching green, digital and spatial topics. According to ROB COE ET AL. (2020), “Great teachers 
understand the content they are teaching and how it is learnt.” However, these widely 
recognized requirements are based on a sound understanding of teaching, which in turn 
should be based on the best available research. A paper published by the National Foundation 
for Educational Research (LORD & WARD, 2019) states that “despite growing recognition within 
the teaching profession of the potential of research evidence in the classroom to support 
teaching and learning, embedding it into everyday practice is no mean feat.” The chronic lack 
of time for teachers to change their teaching routines, which are mostly based on their own 
experiences as learners, will further hinder the transition to evidence-based learning 
experiences in their classes. SIMS ET AL. (2023) conclude in an article titled “Modelling Evidence-
Based Practice in Initial Teacher Training” that “observable examples of a specific teaching 
practice” helps to bridge the theory-practice gap. The report states that “teacher educators 
should seriously consider incorporating models into teacher training aimed at supporting 
teachers’ use of evidence-based practices.” To be effective and efficient, new teaching tools 
need to be embedded in evidence-based teaching methods such as Cognitive Load Theory, 
Dual Coding Theory, Interleaving, Retrieval Practice or Spaced Practice, while avoiding myths 
and harmful mutations such as "Learning Styles" or "Brain Gym". For this to happen, some 
routines or mechanisms must be in place (COLLIN & SMITH, 2021). These routines build the 
bedrock for successfully bridging the gap between the requirements of the curriculum and the 
newly developed teaching materials. 
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The bridging model for training sessions with teachers recognises that it is not enough to 
simply provide the teacher with tools for STEM teaching. In particular, it also requires clear 
examples and models for didactically meaningful implementation in the classroom. In this 
sense, the bridge between curriculum requirements and achieved learning outcomes on the 
part of the students does not only consist of new tools for the classroom. Rather, the new 
tools must also be supported by an adequate didactic dimension. 
 

Each building block in the Bridge Model for teacher training relies on the underlying support 
block. At the top of this pyramid are the new instruments developed in Work Package 2 (WP2). 
Below the "WP2-tool block" there is the necessary content knowledge that should be available 
to support these new tools. Underneath the content knowledge, there must be a strong layer 
of pedagogical knowledge that informs the teacher about common misconceptions and pitfalls 
in communicating the content to the students. All of this rests on a support structure that 
informs the teacher on how children learn best according to the best available evidence-based 
research. Finally, support structures such as "Teaching Sprints" (BREAKSPEAR & RYRIE JONES, 2021) 
or “Small Teaching” (LANG, 2021) must be in place to create a permanent routine in the 
classroom. This last building block is essential in order to integrate a change process into day-
to-day school life on a regular basis. 

 

 

Figure 1: The gap between curricular needs and sustained learning without a bridge 
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In order to bridge the gap between the curriculum and student performance, additional 
support structures need to be created. 

 

 

 

Figure 2: The Bridge Model for teacher training 

 

All these supporting layers together can create a stable connection between the requirements 
of the curriculum on the one hand and sustainable learning about green, digital and spatial 
topics on the other. At the same time, a supportive underpinning for teaching routines is 
obviously useless without useful teaching content. And like a true bridge, this model must 
stand the test of time as it should be evaluated for its effectiveness in bringing new learning 
opportunities for students into the classroom. 

The content and corresponding didactic background information for these teaching materials 
should be available to teachers in a shared repository. In addition to a repository for the 
teaching materials, there should be a user forum where a community can be built to share 
issues while trying to cross the troubled water between curriculum requirements and 
sustainable learning outcomes on the part of the students. 
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3 Rosenshine’s principles 

3.1 Rosenshine’s principles for instruction 

The teaching principles developed by ROSENSHINE (2012) are known for their simplicity and 
clarity, as well as their ability to support teachers who want to explore cognitive science and 
other areas of educational research. Three separate study areas—cognitive science, classroom 
methods, and cognitive support—are combined in Rosenshine's Principles, and they enhance 
one another by addressing the following questions : 

• How do individuals learn and acquire new knowledge and skills? 

• How are effective teaching tactics implemented by master teachers? 

• How can teachers help students understand difficult and complex material? 

Rosenshine's principles have a solid evidence base to support their effectiveness. The 
principles provide an accessible bridge between classroom practice and research (such as 
Retrieval Practice, Spacing, Interleaving, Worked-out Examples, Deliberate Practice, 
Metacognition). Guides for teachers are available to make it easier to implement the principles 
in day-to-day teaching (SHERRINGTON, 2019 ; GRIMES, 2020). Much of teaching practice is learnt 
gradually, intuitively or partially and not consciously. Therefore, at first glance, the principles 
seem obvious or even common sense. But while they may be in use sporadically, conscious 
implementation in a classroom is more accidental. The ten principles for teaching described in 
Rosenshine's publication can be summarised as follows: 

1. A lesson should begin with a short review of previous learning. This enhances the 
connections between the concepts in each course and tests retention and knowledge. 

2. New material should be presented in small steps. This enables students to process 
new information more quickly and with less cognitive load on their working memory 
(MILLER, 1956 ; SWELLER, 1994 ; ROSENSHINE, 2009). 

3. A large number of questions should be asked to all students. This will force the 
students to recall previous information, which creates the retrieval effect. Facts and 
information in long-term memory are retrieved, which embeds them more deeply in 
the memory, consolidating their retention. This is sometimes referred to as the "test 
effect" and is well documented in the research literature. Questions also challenge 
misconceptions and provoke thinking (KING, 1994). 

4. Provide models and worked-out examples. Teachers should present worked examples 
to reduce the cognitive load and to anchor new ideas in existing knowledge. Worked 
examples, demonstrating how to solve a problem, and thinking aloud are all modelling 
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strategies that teachers can use to aid student learning (KIRSCHNER, SWELLER & CLARK, 
2006 ; FREDERIKSEN, 1984). 

5. Practice using the new material. The performance of experts and non-experts is 
fundamentally determined by the extent of practice and experience. Beginners can 
gradually gain experience of the problem-solving process through extended practice 
sessions (CHI, FELTOVICH & GLASER, 1981). 

6. Check for understanding frequently and correct errors. The teacher checks the 
understanding of individual students with regard to specific content instead of asking 
open questions such as "Did everyone understand that?" to the whole class (FISHER & 

FREY, 2007). 
7. Obtain a high success rate. By gradually adjusting the level of difficulty to the 

performance level of the pupils, the teacher has the opportunity to regulate a high 
success rate in the class. By continuously readjusting to more difficult tasks, the teacher 
avoids levelling down. 

8. Provide scaffolding for difficult tasks. For more complex content, the teacher should 
offer scaffolds, such as text templates, to make the task accessible to the students 
(ROSENSHINE & MEISTER, 1992). 

9. Independent practice. As soon as the students have achieved a certain level of 
confidence in working on a task, an extended practice phase is required. This creates 
opportunities for students to make mistakes and learn from them. Students should be 
competent before being allowed to work independently. Independent practice 
facilitates what Rosenshine refers to as "over learning". 

10. Monthly and weekly reviews. To resist the learning curve's gradual deterioration and 
to more thoroughly integrate previously learned content, students should revisit their 
coursework on a frequent basis. 

Not all of the Rosenshine principles listed can be implemented in every teaching setting. Nor 
can all principles be implemented equally well for all possible training formats for teachers. 
Which principles can be implemented to what extent in teacher training depends heavily on 
the chosen design of the training programme. A one-off event is accessible for a limited set of 
principles, whereas the implementation of an in-service training programme in schools, 
accompanied over several years, is accessible for almost all of Rosenshine's principles. 
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3.2 Rosenshine’s principles for teacher training 

With a few additional considerations, Rosenshine's principles can also be applied to the 
learning of teachers and are not limited to the learning of pupils. Thus, it follows that using 
Rosenshine's methods to prepare teachers to teach a cross-curricula topic in a comparable 
manner would be highly recommended. These principles can be used as a framework to 
organize a teacher training program. The principles should still be adapted to the respective 
training situation and circumstances, rather than making the principles the goal in themselves. 

In particular, the following five principles can be implemented in a variety of teacher training 
scenarios: 

1) Check previous learning. 
2) Progress in small steps. 
3) Provide models and worked-out examples. 
4) Practice the new material. 
5) Allow time for independent practice. 

 

An exact fit with the teachers' prior knowledge enables targeted and effective teacher training. 
This makes the meaningfulness of training immediately tangible for teachers and the benefits 
obvious. At the same time, this kind of customization also helps to create a sense of 
achievement in having mastered new content (“Obtain a high success rate”, see also 
Rosenshine’s Principles above). 

Regardless of the level of training, it is advisable to proceed in small steps in order to avoid 
cognitive overload and thus prevent losing a person in the training process. Of course, this also 
applies to the documents presented (keyword: overloaded graphics in overloaded PowerPoint 
presentations). 

With the help of elaborated teaching sequences, teachers can very quickly tie in with their 
teaching situation and their student population. This helps a lot in terms of identifying with 
the content of the teacher training. 

In particular, attention should be paid to an extended practice phase for learning how to use 
various tools. The article "Practice with Purpose" from DEANS FOR IMPACT 
(https://www.deansforimpact.org/tools-and-resources/practice-with-purpose-the-emerging-
science-of-teacher-expertise), subtitled "The Emerging Science of Teacher Expertise," provides 
a concise summary of the components of successful professional learning. They cite a variety 
of studies to support their claim that teacher preparation "cannot produce experts 
immediatly." Nonetheless, in-service teachers as well as novice teachers who have had the 
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chance to practice deliberately eventually become more proficient. One of the 
recommendations is that it is important to identify the things that will have the greatest impact 
on teachers' learning in terms of their national curriculum and can become ingrained habits 
over time. Ideally, objectives are set sequentially, starting with the basics, and they are 
measurable in some way. Another recommendation relates to the fact that teachers do not 
improve by switching from one thing to another. In order for teachers to truly grow, teacher 
training programs must inspire them to maintain a concentration on a small number of practice 
areas. Throughout the process, teachers should model and reaffirm why some things are 
probably going to be effective for the majority of their students while others are not. 
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4 Cognitive Load Theory 

4.1 Cognitive Load Theory for instruction 

The aim of the Cognitive Load Theory (CLT) framework is to understand how the human mind 
processes information and how learning-related cognitive load can affect the acquisition of 
new skills and knowledge. John Sweller, an educational psychologist, introduced CLT in the late 
1980s (SWELLER, 1988). The theory is based on the notion that learning is more successful when 
instructional design takes into consideration the human cognitive system's limited working 
memory capacity. Our cognitive system's working memory is in charge of processing and 
momentarily storing information. Cognitive Load Theory identifies three types of cognitive 
load: 

1) Intrinsic cognitive load: Intrinsic cognitive load refers to the inherent complexity of the 
information to be processed. Some concepts are inherently more difficult to 
understand due to their complexity and therefore have a higher intrinsic cognitive load. 

2) Extraneous cognitive load: The term "extraneous cognitive load" refers to the 
superfluous cognitive strain that comes from the way that knowledge is taught. 
Unnecessary cognitive burden can be caused by poorly designed lessons, irrelevant 
information, or extremely complicated means of presentation. 

3) Germane cognitive load: This is the kind of cognitive load that is advantageous for 
comprehension and learning. Meaningful learning entails the mental work necessary 
to process and incorporate new information into existing cognitive schemata. 

Working memory is the limited component of the human memory architecture, acting as the 
bottleneck of cognition. Efficient management of these loads is the aim of Cognitive Load 
Theory in order to maximize learning. Using instructional techniques that support learners in 
creating mental models, breaking difficult information down into smaller pieces, and offering 
clear and organized instructional materials are some strategies to reduce extraneous cognitive 
load and enhance germane cognitive load. Working memory space is occupied by students' 
thoughts about information elements (which could be graphs, facts, or procedures) and how 
they interact with one another. New information presented by the teacher causes a high 
cognitive load. Strongly compressed knowledge schemata in long-term memory are very 
helpful in preventing working memory overload when a learner is making a sincere effort to 
comprehend some element interactivity. By making sure pupils don't encounter too many 
unique informational components at once, teachers can prevent cognitive overload in their 
students. 
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Domain-specific abilities are linked to a particular field, like chess or physics. There's a theory 
that people can learn general problem-solving techniques, that function regardless of the 
knowledge domain. However, this appears to be untrue given our reliance on schemata in 
long-term memory. According to John Sweller, developing domain-specific competence 
requires accumulating pertinent information in long-term memory. As a result, one of the 
fundamental responsibilities of educators is to assist pupils in gaining domain-specific 
knowledge. 

Various guides for teachers are available to translate CLT (Cognitive Load Theory) into practical 
dimensions of action for the classroom (GARNETT, 2020 ; LOVELL, 2020). 

 

4.2 Cognitive Load Theory for teacher training 

Due to the high intrinsic cognitive load for learning interdisciplinary topics, a reduction of the 
external load is also paramount for teacher training. In every training session all unnecessary 
external load such as overloaded graphs or jam-packed presentation slides should be strictly 
avoided. More complex content should be broken down into smaller, more manageable 
subtasks (see also chapter 3.2, which refers to Rosenshine's principles on smaller steps). 

Sweller's CLT (Cognitive Load Theory) translates to the following two considerations for 
teacher training: 

1) Keep it simple! 
2) Be specific! 

The demand for simplicity is of course clearly dependent on the prior knowledge of the 
participants. This once again highlights the need to find out about the participants' prior 
knowledge (see also chapter 3.2, which refers to Rosenshine's principles on previous learning). 

Sweller's explanations regarding domain-specific and domain-general knowledge lead to the 
following conclusion in the context of teacher training: 

Every "skill" - be it digital, green or spatial - cannot be meaningfully learned without a concrete, 
specific content. 

In order to ensure this clear content reference, teacher training should be geared towards 
specific learning references from the national curriculum (HIRSCH, 2006). 
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Without a necessary specific content, the learning tools that should enable teachers (and 
students) to acquire digital, green and spatial skills are "up in the air" and cannot be connected 
to a teacher's (or student's) existing proficiencies. 

Figure 3: The Bridge Model for teacher training with content 

 

Figure 4: The Bridge Model for teacher training without content 
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5 Teaching Sprints 

5.1 Characteristics of successful professional development 

SIMS AND FLETCHER-WOOD (2018) point out the importance of teacher training that has a lasting 
effect on teachers' teaching and at the same time demonstrably increases students' subject-
specific learning. For sustainable teacher training, perseverance and persistence in terms of 
actual implementation in the classroom are the most important characteristics. There is 
widespread agreement that a one-day training day has limited impact on making a lasting 
change to a teacher's actual classroom teaching (CORDINGLEY & BUCKLER, 2012 ; SIMS ET AL., 2021). 
The consensus view, consequently, is that Professional Development (PD) is effective when it 
is sustained over time. However, even if it were structured in a cyclical way, it may not have 
much impact - as content is constantly changing due to the emerging challenges in a cross-
curricular and highly dynamic subject area related to digital, green and spatial skills. For this 
reason, SIMS ET AL. (2021) believe that teachers need to practice frequently to break ingrained 
behaviours. Frequency is more important than duration. This chimes with Rosenshine’s work 
(see also chapter 3.2, which refers to Rosenshine's principles) on the importance of deliberate 
practice (BRONKHORST ET AL., 2014 ; ERICSSON, K. A., 2008 ; MILLER ET AL., 2021). 

Professional Development (PD) must include an element of active learning or practice. For this 
reason, the practical component of any training program is crucial. It will be difficult for 
teachers, like everyone else, to adapt new behaviours. This is important because if our habits 
don't change, it will be hard to maintain new behaviours in the classroom. When old 
behaviours continue, even new objectives seem to have little effect. The underlying general 
pedagogy must be taken into account for a change in habits to have a lasting effect (see also 
chapter 2, which refers to the Bridge Model and a brick with the marking “Pedagogical 
Knowledge”). It is extremely helpful if this general pedagogy is based on a solid evidence base 
(such as Retrieval Practice, Spaced Practice, Interleaving, Worked-out Examples). For initial 
information on evidence-based strategies, see for example the work of WEINSTEIN & SUMERAKI 
(2019). The Instructional Coaching approach of “My Teaching Partner” (MTP) as developed at 
the University of Virgina (FOSTER, 2022) was subject to a randomised-control study, revealing a 
statistically significant effect size on pupils’ attainment, although the MTP programme 
contained no subject knowledge training, only general pedagogy. However, success has been 
observed in different subjects. It seems that intensive and frequent practice in class in certain 
subjects is sufficient for teachers to adapt the techniques to different contexts. It is true that 
external expertise can provide new impetus and offer new approaches, but it is not important 
who provides these examples. As part of the GEO Academy concept, this takes place via the 
GEOBSERVE locations in various countries. The GEOBSERVE provides a common platform for 
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teachers and trainers for learning the GEO-concepts. The GEOBSERVE platform will help to 
create a sense of community at national and European level among experts in GEO related 
topics. From the GEO-Academy point of view, the Professional Development materials help 
teachers avoid the onerous task of collecting, curating, and designing good practice examples. 

Approval of a training program can be a product of the process. If teachers notice the changes 
in their daily work, this can provide lasting motivation and contribute to teachers considering 
the GEOBSERVE platform as a regular point of contact for GEO topics. However, routines such 
as Breakspear and Ryrie Jones' "Teaching Sprints" are proving to be particularly valuable in 
anchoring this spirit of professional development in a school (BREAKSPEAR & RYRIE JONES, 2021). 
 

 

5.2 Teaching Sprints for GEO-Academy 

The aim of the GEO-Academy is to ensure that teachers receive continuous training in digital, 
green, and spatial competencies beyond the duration of the project. For this to happen, 
routines for classroom teaching and a repository of good practice examples are essential. The 
repository is provided by national nodes - these national providers are institutionalized 
through GEOBSERE sites in different countries. These repositories of good practices serve the 
community as a common starting point for the exchange of expertise and suitable teaching 
sequences across Europe. The concept of "Teaching Sprints" by BREAKSPEAR & JONES (2021) is 
suitable for the cyclical and necessary routines for acquiring the necessary practice. 

As described by BREAKSPEAR & JONES (2021), a “Teaching Sprint” consists of three distinct phases, 
namely a preparation phase, a sprint phase and a review phase. "Teaching Sprints" is a 
straightforward procedure that helps teachers learn about, practice, and review a small 
portion of their teaching in a brief amount of time. It draws on key concepts from research on 
effective teacher training. The rigorous nature of this primarily collaborative approach acts as 
a potent trigger, igniting teachers' passion and inspiring them to make targeted commitments 
to further their professional development. 

It takes time to form new instructional habits, as with all professional learning. It is a good idea 
to determine the time and resources needed for each of the three phases of a teacher sprint 
before a teacher or small team of teachers begins. BREAKSPEAR & JONES (2021) advises planning 
all three sessions - preparation, sprint and review - in advance and keeping them free from 
conflicts with other events during the school year. 

After completing a "Teaching Sprint" cycle, educators might want to carry on experimenting 
and improving the new digital, spatial, or green concepts that their pupils have already 
mastered. 
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The GEOBERSE hub will help to create a team of teachers and experts who are willing to invest 
in their own professional development. All members of a teaching team do not necessarily 
have to come from the same school. GEOBSERVE will stimulate exchange among teachers and 
support the formation of a GEO community. The GEOBSERVE hub will serve as a central 
aggregator for professional development opportunities. 

 

The three phases of a "teaching sprint" are explained in detail below: 

Phase 1: PREPARE 

Teachers work alone or in small groups to gain clarity on a GEO concept that they would like 
to improve over the next few weeks. This means that they look at the most viable options 
based on evidence that supports their intentions for improvement. They search the 
GEOBSERVE node for worked-out examples (see also chapter 3.2, which refers to Rosenshine's 
principles on models and worked-out examples) that relate to their intentions. Teachers then 
agree on the planned practical improvements. When all team members agree to practice the 
stipulated GEO concept during the “Sprint” phase, the preparation phase is complete. It is 
important to create a comprehensive understanding of how the planned GEO concepts should 
be implemented in the classroom. 

 

Phase 2: SPRINT 

In the "Sprint" phase, learning becomes more focused as the available theory of the 
GEOBSERVE node is replaced by focused practice in the classroom. Each team member 
integrates the agreed GEO concept into their everyday teaching over a period of two to four 
weeks. The team keeps an eye on how the new GEO concept is affecting their students during 
the Sprint phase. Based on the results, educators can modify their pedagogical strategy. The 
team gets together for a brief, targeted check-in halfway through the Sprint phase in order to 
track advancement and maintain momentum. 

 

Phase 3: REVIEW 

After two to four weeks in the Sprint phase, the team meets again to complete the teaching 
sprint. In the review phase, the team members reflect on the learning achievements of their 
students in relation to the GEO concept at hand. The team discusses changes in practice, 
examines the impact and decides how the learning can be transferred to future practice. 
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Memorable visual representation of the three phases of a Teaching Sprint adapted from Simon 
Breakspear and Bronwyn Ryrie Jones: 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: The Teaching Sprint model 
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6 Initial implementation of teacher training 

6.1 Teacher training as a one-off event 

During the set-up phase of the national GEOBSERVE hubs, teacher training takes place in one-
off courses. This allows for an initial evaluation of the measures. In particular, this type of 
training will be used for the planned summer schools in presence. The teacher training 
programme has the same overall structure for all five GEO concepts ([1] Cartography and 
development of spatial thinking skills, [2] Geographic Information System Tools and techniques 
for Earth Sciences, [3] Remote Sensing, Earth Observation and Satellite applications, [4] 
Visualization and synthesis of information using mapping technologies - Map Storytelling, and 
[5] STEAM education & robotics, coding for Urban Sustainability). The central aim of the 
teacher training programme is to improve children's learning outcomes in the classroom. The 
teacher training concepts should be implemented at both national workshops and 
international summer schools. 

As outlined in the Effective Professional Development Guidance Report from the Education 
Endowment Foundation (COLLIN & SMITH, 2021), the design of a Professional Development 
programme should be “balanced”, i.e. it should encompass the following four dimensions to 
ensure an effective teacher training program: 

A | BUILDING KNOWLEDGE 

B | MOTIVATING TEACHERS 

C | DEVELOPING TEACHING TECHNIQUES 

D | EMBEDDING PRACTICE 

If one of these dimensions is missing, the training programme could fail. For example, if the 
teacher training program covers the first three dimensions (building knowledge, motivating 
teachers, developing teaching techniques) but fails to embed practice, then a teacher may 
understand the content, be motivated to improve, and have the appropriate techniques, but 
fall back into old habits after a period of time. 
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The Education-Endowment-Foundation report elaborates on the main components of each 
dimension (COLLIN & SMITH, 2021). 

Dimension A (Building Knowledge) comprises the following components: 

• Managing cognitive load (with respect to the teacher training materials) 
• Revisiting prior knowledge (with respect to the trainee) 

Dimension B (Motivating teachers) comprises the following components: 

• Setting and agreeing on goals 

• Presenting information from a credible source 

• Providing affirmation and reinforcement after progress 

Dimension C (Developing teaching techniques) comprises the following components: 

• Instructing teachers on how to perform a technique 

• Arranging social support 

• Modelling the technique 

• Monitoring and providing feedback 

• Rehearsing the technique 

Dimension D (Embedding practice) comprises the following components: 

• Providing prompts and cues 

• Prompting action planning 

• Encouraging monitoring 

• Prompting context-specific repetition 

 

In line with the Education Endowment Foundation report (COLLIN & SMITH, 2021), and to 
support the effectiveness of the training programme for the GEO concepts, it will be helpful to 
align the training for each tool or technique with the following ten requirements: 

1) Clearly identify the age group of our students to which this new GEO concept tool 
belongs. To make things easier and more consistent, we agree in advance on three 
broad age groups for all our tools: Age group 1: up to 10 years old | Age group 2: 
between 10 and 16 years old | Age group 3: over 16 years old. 

2) Give at least some examples of links to national curricula. 
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3) Start a teacher training with a short overview of the necessary background (i.e. what 
the teacher should already know before trying to use this new GEO concept tool in 
the classroom). 

4) Explicitly define the knowledge that teachers will gain in each training session. 
5) Instructing teachers on how a new GEO concept or technique works (presenting the 

new material in small steps to reduce cognitive load by having teachers practice after 
each step; limiting the amount of material given to trainees at one time; clear and 
detailed instructions and explanations). 

6) Modelling (through direct instruction) of how to use a new GEO concept tool or 
technique in the classroom (give them stage directions that clarify: "This is what it 
looks like in the classroom!"). Also: Consideration of what can and cannot be adapted 
as part of the implementation of a particular WP2 tool or technique in a specific 
school context. 

7) Practising the technique of how to use a new tool or technique to develop a specific 
GEO concept in the classroom. Important: Conscious repetition and recapitulation of 
what has been learnt. This could be done in an afternoon session after having learnt 
about the tool or technique in the morning session of a workshop. 

8) Monitoring and providing feedback. Creating a framework and providing time 
resources to enable exchange with colleagues and building a community of teachers. 

9) Encouraging action planning and setting and agreeing targets for the next steps in 
implementing a specific GEO concept at their own school. 

10) Evaluation of the tools or techniques by the trainee. 

In order to fulfil the ten requirements, each teacher training course (i.e. each workshop for a 
specific GEO concept) consists of three phases: 

Teacher-Training Phase one (TTP-1): Warm-up phase 

Teacher-Training Phase two (TTP-2): Hot training phase 

Teacher-Training Phase three (TTP-3): Cool-down phase 

The ten requirements listed for a training event to be planned can be assigned to the individual 
phases as follows: 

Teacher Training Phase Requirement 

Warm-up phase (TTP-1) 1, 2, 3, 4 

Hot training phase (TTP-2) 5, 6 

Cool-down phase (TTP-3) 7, 8, 9, 10 
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To create a framework for each phase and to scaffold the accompanying process, there are 
three different protocols, one for each training phase (see annexes). 
 

6.2 Teacher training in an online format 

Although traditional training takes place in-person, there are plenty of characteristics of online 
training that are more suited to a teacher's work schedule. The GEO-Academy materials for 
teachers must be prepared in such a way that they support a highly efficient online strategy in 
the best possible way. By everyone having access to the same GEO-Academy resources, a 
shared understanding is maintained a collegiate culture fostered. Simultaneously, educators 
adhere to their own methods of instruction and modify the GEO-Academy materials to suit 
their circumstances. According to the concept of the GEO Academy, the importance of the 
training units as pure face-to-face events will gradually decrease over the course of the project 
and at the same time the importance of the online events will gradually increase. 

To ensure the effectiveness of a project well beyond the scheduled project duration, the 
transition to a sustainable online implementation is a crucial strategy for all projects that 
envisage a limited period for the pilot phase and subsequent implementation. This is done 
entirely in the spirit of sustainability of the project work. 

Teachers can collaborate and learn from one another through online interactions, which is a 
vital component of effective teacher training (STARKEY ET AL., 2009). Online professional 
development provides participants with the option to process knowledge at their own pace 
and revisit it as needed (WYNANTS & DENNIS, 2018). Asynchronous debates and work sharing are 
just two examples of the various ways that social online interactions can occur. Teachers can 
build relationships with other educators they meet online, widen their professional networks, 
and promote learning through these exchanges. Participants frequently value collaboration 
and sharing because it helps them build stronger support networks (SALMON ET AL., 2015). 

Online training for teachers offers several benefits that contribute to its popularity and 

effectiveness. The following list shows some of the most frequently cited reasons for choosing 

an online format: 

1. Flexibility: 

• Time Management: Teachers can access materials at their own pace, allowing for 

better time management. This flexibility is particularly advantageous for 

educators with busy schedules or other commitments. 
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• Location Independence: Online training eliminates the need for physical attendance, 

enabling teachers to participate from anywhere with an internet connection. This is 

especially beneficial for those who live in remote areas. 

2. Collaboration and Networking: 

• Networking Opportunities: Virtual discussions, forums, and exchange of teaching 

resources provide opportunities for networking with other educators and 

professionals in the field. 

• Global Collaboration: Online training often facilitate collaboration among teachers 

from different geographical locations, helping to build a community. 

3. Diverse Training Resources: 

• Online courses often provide a wide range of multimedia resources and enable 

interactivity such as a discussion forum. 

4. Customization and Personalization: 

• Adaptive Learning: Some online platforms use adaptive training technologies that 

tailor the educational experience to individual needs. This helps teachers focus on 

areas where they need improvement and progress at their own pace. 

5. Continuous Learning: 

• Lifelong Learning: Online training makes it easier for individuals to pursue 

continuous education and update their knowledge and competencies throughout 

their careers, supporting the concept of lifelong learning. 

6. Cost-Effective: 

• Reduced Expenses: Some online teacher training courses have no tuition fees at all. 

 

In order to implement an online teacher training in the best possible way, attention is paid to 
which previous experiences of teachers in the context of online training events have left a 
positive impression on the participants. In study conducted by PARSON ET AL. (2019) researchers 
reported about U.S. teachers’ experiences in online teacher training, their motivation for 
participating in online teacher training, their reflections on the usefulness of online teacher 
training, and their likelihood of participating in different types of online teacher training. The 
results of the study (PARSON ET AL., 2019) summarized here cover four distinct areas: 

1) Preferred focus for the training programme as reported by teachers. 
2) Usefulness of the training programme as reported by teachers. 
3) Popularity of the training programme as reported by teachers. 
4) Receiving feedback during the training programme. 
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Preferred focus for the training programme as reported by teachers: 

Participants in online training courses are primarily interested in content knowledge. The most 
common response regarding their preferences related to content learning. The second most 
common response (20.3%) was a focus on technology, followed by school safety and 
procedures (12.9%). The least desired topic for teacher training was a focus on non-content 
specific instruction (9.7%). 

Usefulness of the training programme as reported by teachers: 

Parson et al. (2019) also asked teachers to report the barriers that prevented them from 
applying what they learned from their participation in online teacher training to their 
classroom instruction. Nearly half (45.4%) reported that they were able to apply what they 
learned and did not encounter barriers to application. Following this response, the most 
common responses were that the PD was not relevant to their teaching (14.8%) and that there 
was no time for teachers to plan instruction based on what they had learned (13.8%). 

Popularity of the training programme as reported by teachers: 

The most popular activities included access to an online library of instructive videos. On the 
other hand, the least popular activities included earning badges for participating in online 
teacher training, working in gamified teacher training in which there are elements of games 
such as challenges and levels, and a scavenger hunt where teachers share aspects of their 
teaching with their online community. Another pattern the researcher (Parson et al., 2019) 
noticed was that the three least appealing proposed formats for online teacher training 
(badges for participation, gamified PD, and scavenger hunts) may be perceived by the 
teachers as gimmicky. The teachers in this study did not appear to want “fun” online teacher 
training; they seemed to be seeking new ideas, collaboration, and wanting to be treated as 
professionals. 

Receiving feedback during the training programme: 

Parson et al. (2019) found in their study that none of the more appealing online teacher 
training formats included feedback. This finding is understandable. Proposed online formats 
such as the real-time instructional feedback can be intimidating to teachers, especially if you 
were receiving feedback from a stranger. Receiving feedback from someone else can reduce 
one's expectation for “success,” and from an expectancy-value perspective, may reduce 
motivation to engage in the training activity. 

 

In order to build a network of like-minded people in the field of teacher training, the 
implementation of an asynchronous exchange option - such as a blog function - is helpful. The 
GEO-Academy Online Platform (GEOBSERVE) should support the teaching community in being 
able to access the content - the GEO concepts - as flexibly as possible. Access to a video library 
focused on content related to GEO concepts and an online community that promotes exchange 
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among teachers are essential components of an effective online platform for online teacher 
training. 
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7 Cross-curricular instruction 

Little is currently known about the didactics of interdisciplinary teaching. This is largely due to 
the fact that classical subject didactics is always anchored in the subject and has thus grown 
out of the subject discipline. Scientific research into teaching and learning in interdisciplinary 
education is very limited and rather explorative (SPELT ET AL., 2009). To make matters worse, 
there is also a shortage of trainers for teacher training courses who can confidently transcend 
their own specialist discipline and have specialist authority in related disciplines. The biggest 
obstacle for teachers to deal with an interdisciplinary topic is their chronic lack of time. It is 
much more time-consuming for a teacher to prepare a less familiar topic outside their own 
subject area. To overcome this inherent problem, it may be a good idea to draw on the work 
of ROSENSHINE (2012). Rosenshine recommends tackling an unfamiliar subject area in the 
classroom in small individual steps. This atomization of complex content makes the subject 
matter more accessible to students. This strategy of breaking things down into manageable 
subtasks can also be applied to teacher training, especially for complex content such as 
interdisciplinary topics. A less radical approach to interdisciplinary teaching thus suggests that 
the teacher begins to deal with an interdisciplinary topic from their own expertise and 
gradually approaches the neighbouring subject areas. In order to keep the complexity of an 
interdisciplinary topic to a bearable level, it is also advisable to examine an interdisciplinary 
topic from a specific example and not to discuss the entire topic in its entirety. Worked-out 
examples and models can be helpful to reduce the complexity of an interdisciplinary problem 
(SCHWONKE ET AL., 2009). 

Specifically, a teacher whose professional expertise is in the field of computer science could 
deal with the presentation of data in the context of a changing variable - such as the retreat of 
glacier fields in the Alps. If the same teacher were to try to cover the topic of climate change 
in its full dimension across all relevant subject areas, this would lead to an extremely stressful 
overload for the teacher. On the other hand, the teacher can apply their existing specialist 
knowledge (computer science) to a related subject area (global climate). 

These considerations apply equally to the content of teacher training. Here too, the treatment 
of an interdisciplinary topic is feasible if the trainer starts the treatment of the topic from their 
own expertise and progresses from the specific case (for example, the change in the size of 
glacier fields and their graphical representation using suitable software) to an overarching 
topic (such as global climate change). 

One of the most promising starting points for interdisciplinary teaching is basic digital 
education. Coding allows students to reconstruct a rich and varied reality with just a few 
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building blocks (such as simple routines for processing data). This would be completely 
different in the field of physics - here, beginners need an extensive range of knowledge in order 
to be able to apply this knowledge in a realistic situation. 

Despite the considerable difficulties for interdisciplinary teaching, the advantages of this 
approach should not go unnoticed. Interdisciplinary teaching is suitable for reflecting the 
complexity of the real world and in this way can bring abstract specialist knowledge closer to 
the real world of a subject area. It enables the examination of objects, concepts and events 
from different angles and can put these various subjects in perspective and in relation to each 
other. One person alone can no longer cope with this level of complexity. This also has an 
impact on the handling of teacher training. Learning from each other needs to become a habit 
and that means mentalities will have to evolve. This underlines the importance of platforms 
such as GEOBSERVE, which allow cooperation between several people with different 
professional backgrounds. 
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8 Exemplary training units 

8.1 Case 1 : “Erosion and Weathering” 

 

Preliminary remark: The topic that is currently being addressed in the current section is always 
framed in red in the chart (Teacher Training model: Bridge Model). 

 

Chart and currently addressed topic (national curricula): 

 

 

 

 

 

 

 
Related task: The development of a synopsis of the national curricula is to provide the basis for the cross-curricular implementation of the 
tools to be developed. The aim of the task is to illuminate the corresponding learning objective from at least three subjects, as is considered 
necessary according to the recommendations from learning research. 

 

Results: 

Age group: 10 to 13 years old 

 Identified school subjects: 

  Geography 

  Digital education 

  Environmental education 
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Identified topics in the national curricula (Austria) in different school subjects: 

 

School subject Excerpt from national curricula 

Geography • Temporal change in nature 

• Natural events; Natural disasters 

• Digital earth observation, air, water, land use 

• Digital earth observation tools for regional information 
gathering 

Digital education • Collect data in various digital formats 

Environmental education • Interaction between living organisms in their habitat 
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The topic that is currently being addressed in the following section is framed in red in the 
chart (Teacher Training model: Bridge Model): 

 

Chart and currently addressed topic (learning objectiv): 

 

 

 

 

 

 

 

Results: 

 

 

 

Learning outcomes: 

• Identify natural ways in which rock can be physically broken up. 
• Identify natural ways in which rock can be eroded. 
• Describe the difference between weathering and erosion. 
• Explain how freeze-thaw physically weathers rock. 
• Explain how physical weathering and erosion can transform a landscape. 

 

 

 

Competencies Learning objectives 

Green competence • Distinguish between erosion and weathering 

Digital competence • View and evaluate digital data (image information) 
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The topic that is currently being addressed in the following section is framed in red in the 
chart (Teacher Training model: Bridge Model): 

 

Chart and currently addressed topic (Pedagogical knowledge): 

 

 

 

 

 

 

 

Results: 

Students frequently mix up the phrases weathering and erosion (FRANCEK, 2013), and some 
text book authors even believe they are interchangeable (KING, 2012). Specifically, it is a 
common misconception that weathering is associated with the movement of rock pieces or 
solutions containing rock particles (FRANCEK, 2013). The disintegration of rocks and minerals by 
physical and chemical processes is known as weathering, and it occurs "in place." The process 
of erosion is what takes away material from bedrock that has weathered or broken down (KING, 
2010; KING, 2012). 

Pupils frequently confuse weathering with weather, believing that weathering is caused by 
weather (DOVE, 1998 ; KING, 2008). Weathering can also be caused by other factors unrelated 
to the weather. According to DOVE's (1997) research, of 236 students studying geography 
between the ages of 16 and 19, 90% correctly recognized freeze-thaw as a form of weathering; 
yet, only two-thirds recognized the related process of rock being broken up by plant roots as 
weathering. 

The specifics of how freeze-thaw weathering occurs are sometimes unclear. According to 
certain textbooks, when water freezes and fills a fracture in a rock, the water will expand and 
maybe tear off a piece of the rock. Rather, the procedure occurs over an extended duration. 
Water fills pores and fissures in sedimentary rocks, causing several freeze-thaw cycles that 
progressively weaken and shatter the rock (KING, 2012). Many science textbooks fail to 
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mention that freeze-thaw weathering necessitates numerous cycles of freezing and thawing 
(KING, 2010). 

The extent of the effects that weathering and erosion have on the landscape is frequently 
misinterpreted by students. Approximately 8% of children between the ages of 11 and 16 
believe that landforms have always looked the same (DOVE, 1998). While most students are 
aware that the environment changes with time, according to the AAAS Project 2061, 55% of 
11 to 16-year-olds believe that wind erodes mountains by a few centimeters over millions of 
years. Actually, throughout that time, erosion can cause mountains to drop hundreds of meters 
in height (FRANCEK, 2013). 

It is a widely held belief that weathering and erosion need enormous pressures. According to 
data from AAAS Project 2061, 20% of 11 to 16-year-olds believe that water and wind may only 
alter the Earth's surface in extreme circumstances, such massive storms (FRANCEK, 2013). 14% 
of respondents don't think water and wind can ever erode a mountain's solid rock. The 
majority of 11–16-year-old students (80% in AAAS Project 2061) acknowledge that water and 
wind can erode small particles like sand off solid rock, but nearly half of them mistakenly 
believe that large or loose rocks on the Earth's surface did not originate from the layer of solid 
rock (FRANCEK, 2013). 
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The topic that is currently being addressed in the following section is framed in red in the 
chart (Teacher Training model: Bridge Model): 

 

Chart and currently addressed topic (Content knowledge): 

 

 

 

 

 

 

 

Results: 

“The Science Story”: Rocks are gradually broken down and removed by various surface 
processes. We refer to these processes as erosion and weathering. The physical and chemical 
disintegration of rocks caused by biological, chemical, and physical processes is known as 
weathering. Solid material that has been weakened by weathering is removed by erosion. A 
variety of physical processes, such as temperature variations, water freezing and thawing, and 
the evaporation of mineral salts, break down rocks and cause weathering. Gravity, flowing 
water, wind, or moving ice can all erode rock that has been damaged by weathering and carry 
the broken fragments away to be deposited somewhere. 

By concentrating on specific processes initially and then imagining what the cumulative effect 
of these processes might be if they persisted for an extremely long period of time, it may be 
possible to get a grasp of the significant changes that weathering and erosion may cause to 
the landscape (see also chapter 3.2, which refers to Rosenshine's principles on smaller steps). 
It is essential to comprehend this kind of gradual, long-term change in order to comprehend 
significant subjects like climate change. 
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The topic that is currently being addressed in the following section is framed in red in the 
chart (Teacher Training model: Bridge Model): 

 

Chart and currently addressed topic (Content knowledge): 

 

 

 

 

 

 

 

Preliminary remark: From the multitude of evidence-based methods for lesson design, 
"Retrieval Practice" (also known in the research literature as the "Testing Effect") was selected 
for this case scenario. 

 

Results: 

A straightforward, research-based teaching method that significantly improves the 
performance of learners is Retrieval Practice. Long-lasting, durable learning is produced when 
students recall and bring material to memory through this mental struggle. If learning is 
associated with being fun, without mental effort and in the blink of an eye, then it should come 
as no surprise that students forget what they have learned just as quickly and easily. Retrieval 
practice, on the other hand, produces a lasting learning effect (so that a teacher does not have 
to wonder why what has been learned is no longer available in the next school year). 
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It is not possible to provide a comprehensive and detailed explanation of Retrieval Practice 
within the scope of this document. However, only an introductory website on the subject of 
"Retrieval Practice" and some publications on the subject are referred to here: 

Website: 

https://www.retrievalpractice.org/ 

Publications: 

Make it Stick: The Science of Successful Learning 

 Authors: Peter C. Brown, Henry L. Roediger III, Mark A. McDaniel 
 Publication by: Harvard University Press, Cambridge, England. 
 Year of publication: 2014 

Powerful Teaching: Unleash the Science of Learning 

 Authors: Pooja K. Agarwal, Patrice M. Bain 

 Publication by: Jossey-Bass, San Francisco, CA, US. 
 Year of publication: 2019 

Retrieval Practice: Research & Resources for every Classroom 

 Author: Kate Jones 

 Publication by: John Catt Educational Ltd., Melton, UK. 
 Year of publication: 2019 

Retrieval Practice 2: Implementing, Embedding & Reflecting 

 Author: Kate Jones 

 Publication by: John Catt Educational Ltd., Melton, UK. 
 Year of publication: 2021 

Retrieval Practice Resource Guide: Ideas & Activities for the Classroom 

 Author: Kate Jones 

 Publication by: John Catt Educational Ltd., Melton, UK. 
 Year of publication: 2021 

 

 

 

 

https://www.retrievalpractice.org/
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The topic that is currently being addressed in the following section is framed in red in the 
chart (Teacher Training model: Bridge Model): 

 

Chart and currently addressed topic (Tools): 

 

 

 

 

 

 

 

Results: 

The ANKI tool (https://apps.ankiweb.net/) was chosen so that the pupils can deal with the 
topic of "weathering and erosion" in a sustainable way with the help of Retrieval Practice and 
at the same time acquire elementary skills with regard to their digital competence. 

ANKI is a popular spaced repetition flashcard program designed to help users memorize 
information more efficiently. It uses a spaced repetition algorithm to determine when to 
review each flashcard based on the user's performance in recalling the information. This 
approach helps optimize learning by focusing more on difficult cards and spacing out reviews 
over time to promote long-term retention. 

Anki allows users to create their own flashcards or download pre-made decks on various topics 
from its shared database. It supports text, images, audio, and even mathematical equations 
on its cards, making it versatile for different types of learning material. Anki is available on 
multiple platforms, including desktop (Windows, macOS, Linux), mobile (iOS, Android), and 
web-based versions, enabling users to study anytime, anywhere. 

 

 

https://apps.ankiweb.net/
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Example of a ANKI flashcard 

FRONT VIEW: 
 

Which of the following pictures do you associate with erosion and which with weathering? 

A B C D 

 

   

    

E F G H 

 

BACK VIEW: 

You can sort the images in the following way: 

Rock shaped by wind Erosion 

Tree roots in cracks Weathering 

Rock fall Erosion 

Effect of freeze – thaw Weathering 

 

Image credits: All images, with one exception, are from pixabay free under CC0 License Terms; Image 
C: By Sven Dirks, Wien - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=5143165 

https://commons.wikimedia.org/w/index.php?curid=5143165
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The topic that is currently being addressed in the following section is framed in red in the 
chart (Teacher Training model: Bridge Model): 

 

Chart and currently addressed topic (Tools): 

 

 

 

 

 

 

 

Results: 

Rosenshine suggests beginning every lesson with a short review of previous learning (see also 
chapter 3.2, which refers to Rosenshine's principles). With the help of the ANKI flashcards, 
students can easily and quickly create quizzes for the beginning of a lesson. 

The flashcards can be used to test factual knowledge and process knowledge in the same way. 
The following examples show how the flashcards can be used in a variety of ways: 

• Explanation of terms (erosion vs. weathering) 
• Matching images to specialized terms (such as erosion vs. weathering) 
• Explanation of process sequences (such as freeze – thaw cyles) 

In this way, a teacher can routinely integrate repetitions of certain learning objectives into their 
lessons. 
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8.2 Case 2 : “Map Storytelling” 

Age group: 12-14 

Duration: 8 hours 

Identified school subjects: 

  Geography 

  Digital education 

  Environmental education 

  Project 

Identified topics in the national curricula (Greece) in different school subjects: 

School subject Excerpt from national curricula 

Geography 
• Natural events; Natural disasters 

• Earth observation, air, water, land use 

• Earth observation tools for natural disasters 

• Digital maps for natural disasters 

Digital education • Use of online based services for the development of 
geostorytelling 
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What is geostorytelling 

Geostorytelling is a new concept that combines the power of narratives with location-based 
information. It is a modern approach to narrate a story with the aid of text, multimedia 
(images, video, audio etc.) and digital maps in an interactive and engaging way. 

It has already been acknowledged that narratives enable us to organize our thoughts, share 
our experiences and communicate our findings with others. Particularly in the education 
sector, narratives are very important as they engage students, enhance memory, develop 
critical thinking and foster emotional and social development. 

Maps on the other hand have been widely used since the ancient years to not only navigate 
from point A to point B but also to develop the essential context for better understanding and 
visualizing large amounts of data by unveiling patterns and complex relations. As a visual 
language, maps provide an overview of an event or phenomenon, tangibly increasing our 
understanding and enabling us to raise the right questions in order to gain new knowledge.   

With the aid of technology, modern geostorytelling combines the power of narratives and the 
power of maps through the use of digital tools like Geographic Information Systems (GIS), 
satellite images, augmented reality and mobile apps, thus creating new learning experiences. 
These technologies allow for interactive and dynamic storytelling experiences, where users 
can explore and create stories based on their physical location. 

In the educational sector, geostorytelling can be a powerful project-based training tool, 
providing transdisciplinary learning experiences and fostering inquiry-based approaches. 

Geostorytelling can be used in the classroom in following ways: 

a)  By exploiting/reusing ready-made geostories such as the ArcGIS StoryMaps 
collection (https://doc.arcgis.com/en/arcgis-
storymaps/gallery/?rsource=https%3A%2F%2Fwww.esri.com%2Fen-
us%2Farcgis%2Fproducts%2Farcgis-storymaps%2Fstories) or the Mapstories Gallery 
(https://mapstories.reedu.de/en/gallery/all, in German 

b)  By assisting teachers to prepare a learning course in a geostorytelling format 

c)  By encouraging students to prepare a geostory for a specific hands-on topic 

In the current section, an example of a teaching lesson in which students prepare their own 
geostories will be analysed. 

 

https://doc.arcgis.com/en/arcgis-storymaps/gallery/?rsource=https%3A%2F%2Fwww.esri.com%2Fen-us%2Farcgis%2Fproducts%2Farcgis-storymaps%2Fstories
https://doc.arcgis.com/en/arcgis-storymaps/gallery/?rsource=https%3A%2F%2Fwww.esri.com%2Fen-us%2Farcgis%2Fproducts%2Farcgis-storymaps%2Fstories
https://doc.arcgis.com/en/arcgis-storymaps/gallery/?rsource=https%3A%2F%2Fwww.esri.com%2Fen-us%2Farcgis%2Fproducts%2Farcgis-storymaps%2Fstories
https://mapstories.reedu.de/en/gallery/all
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Course preparation 

 

Problem Statement “Geostories about natural disasters” 

Natural disasters are becoming an increasing topic which we will have to deal with in the near 
future. Using the power of map storytelling, students are encouraged to choose a topic related 
to natural disasters such as wildfires, floods etc, search for data and related information, 
synthesize their own maps and present their findings as a geo-story. 

Phase 1: Data sources and collection of information 

To start with, students are shown examples of ready-made map-stories related to the topic, in 
order to acquaint them with the expected end result of their work, as well as to stimulate their 
interest and curiosity. In their projects, students will examine an existing event and are free to 
decide about the topic, i.e. flood, wildfire. 

At the beginning of the lesson, students have to define the topic and the area of interest where 
the event has taken place and collect any related information about the location. This 
information may include demographic data, information about main occupations, 
infrastructure, history of the place etc. The data sources can vary ranging from website pages 
to ready-made digital maps, satellite images etc. In such a way, they will begin by creating the 
profile of the area. In a similar manner, students will then collect any related information for 
the natural disaster event, such as when and where it happened, its severity, its consequences 
both for nature and humans, potential recovery measures taken etc. As such, they “set the 
scene” of the event location and content. 

Phase 2: Familiarization with geo-tools and the digital environment 

With the support of their teachers, students familiarize themselves with online services and 
tools, such as ArcGIS Storymaps or Mapstories for creating their stories. In particular, they will 
learn how to add text, images, multimedia, embed content from the web, create maps and 
design their stories (fonts, colours etc).  In this respect, they enhance their digital skills and 
competencies. 

Phase 3: Content preparation and geostory synthesis 

Having collected the relevant material and being familiar with the use of geo-technologies, in 
the 3rd phase, students start synthesizing their online story. Emphasis will be given on 
connecting the text and multimedia content with the location it refers to, by using 
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functionalities that relate the content to the map. In this part of the process, where both 
students and teachers develop their spatial skills, critical thinking, and creativity. 

 

Summing up, geostorytelling constitutes a meaningful learning experience for the participants 
(both educators and students) that enables them to create digital stories exploiting the power 
of geo-technologies on real-cases / hands-on projects in an interactive and transdisciplinary 
way. Based on the topic under discussion, all three skills - green, spatial, and digital - are 
practically being addressed and fostered at the same time. 
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8.3 Case 3 : “Earth Observation and Disaster Management” 

Training example on Earth Observation and Disaster Risk Management: 
 

Adapted from the United Nations Platform for Space-based Information for Disaster 
Management and Emergency Response (UN-SPIDER)’s Knowledge platform > Recommended 
practices https://un-spider.org/advisory-support/recommended-practices 

 

Exercise: Flood Mapping and Damage Assessment Using Sentinel-1 SAR Data in Google 
Earth Engine 

 

Students would work in Google Earth Engine – a powerful web-platform for cloud-based 
processing of remote sensing data. The platform provides a variety of constantly updated 
datasets which can be accessed directly within the code editor, no download of raw imagery 
is required. While it is free of charge, an activate Google account with Google Earth Engine is 
required: https://earthengine.google.com/ 

 

The exercise could be based on Sentinel 1-SAR data. Sentinel 1 is the first in the Copernicus 
Sentinel series, a high-resolution radar imagery satellite, providing an all-weather, day-and-
night supply of images of Earth’s surface. Students could generate a flood extent map for the 
assessment of affected areas, done by creating a change detection approach on Sentinel-1 
(SAR) data. As a continued more advanced exercise, students could thereafter assess the 
number of potentially exposed people, affected cropland and urban areas, where additional 
datasets would be intersected with the derived flood extent layer and visualized. 

 

 

Step-by-step instructions are already available here, which includes also elements of coding: 
Step-by-Step: Recommended Practice: Flood Mapping and Damage Assessment Using 
Sentinel-1 SAR Data in Google Earth Engine | UN-SPIDER Knowledge Portal 

 

 

https://un-spider.org/advisory-support/recommended-practices
https://earthengine.google.com/
https://un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping/step-by-step
https://un-spider.org/advisory-support/recommended-practices/recommended-practice-google-earth-engine-flood-mapping/step-by-step
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The example fits well into the framework of the Rosenshine’s principles. Three basic elements 
of these principles can be clearly recognised: 

• The teacher provides a model and/or worked-out examples. 
• The material is suitable for independent practice by the students ("deliberate 

practice"). 
• The material offers step-by-step guidance (Rosenshine's "small steps") to avoid 

cognitive overload for the students. 

 

At the same time, this example combines all GEO skills - green, spatial, and digital skills - in a 
meaningful way. 
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8.4 Case 4 : “Cartography and Urban Sustainability” 

 

 

Example of use case: Study the adequacy of urban green areas in your municipality 

Age group: 14-16 

Duration: 4 hours 

Relevance of the use case to geo-concepts, to green competences and digital competences 
for both citizens (students) and educators. 

(a) GeoConcepts 

• Cartography 

• GIS 

(b) Green Competences 

According to the GreenComp Framework, the competences affected by the use case are: 

• Supporting fairness: Support equity and justice for current and future generations 
and learn from previous generations for sustainability. 

• Systems thinking: Approach a sustainability problem from all sides; consider time, 
space, and context in order to understand how elements interact within and between 
systems. 

• Critical thinking: Assess information and arguments, identify assumptions, challenge 
the status quo, and reflect on how personal, social and cultural backgrounds 
influence thinking and conclusions. 

• Futures literacy: Envision alternative sustainable futures by imagining and developing 
alternative scenarios and identifying the steps needed to achieve a preferred 
sustainable future. 

• Exploratory thinking: Adopt a relational way of thinking by exploring and linking 
different disciplines, using creativity and experimentation with novel ideas or 
methods. 
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(c) Digital Competences 

i) For citizens (students) 

According to the DigComp Framework, the competences affected by the use case are: 

• Information and data literacy: All three axes (Browsing, searching and filtering data, 

information and digital content, evaluating data, information, and digital content and 

Managing data, information, and digital content). 

• Interacting through digital technologies: Interact through a variety of digital 

technologies and understand appropriate digital communication means for a given 

context. 

• Developing digital content: Create and edit digital content in different formats, 

express oneself through digital means. 

• Integrating and re-elaborating digital content: Modify, refine, improve, and 

integrate information and content into an existing body of knowledge to create new, 

original, and relevant content and knowledge. 

• Creatively using digital technologies: Use digital tools and technologies to create 

knowledge and to innovate processes and products; engage individually and 

collectively in cognitive processing to understand and resolve conceptual problems 

and problem situations in digital environments. 

ii) For educators 

According to the DigCompEdu Framework, the competences affected by the use case 
are: 

• Digital technologies and school level infrastructure: Using digital technologies 

(devices, platforms and software) and infrastructure (internet access, local network) 

available in my school to enhance education. 

• Searching and selecting: Using searching and selection criteria to identify digital 

resources for teaching and learning. 

• Teaching: designing, developing, and implementing learning with the use of digital 

technologies to enhance learning outcomes. 

• Guidance: using digital technologies in order to provide feedback and opportunities 

for reflection, leading to readjustment of teaching and learning practices for both 

teachers and learners. 

• Empowering learners (all axes/ competences) 

• Facilitating learners’ digital competence (all axes/ competences) 
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Problem Statement 

Based on the fact that the average size of urban green areas in the European Union is 8m2 
per capita, teachers encourage students to assess/ determine what is the size of urban 
green areas in their municipality and whether this is above or below the EU average. 

Phase 1: Exploring, finding, identifying, and processing 

The teacher guides the students into the inquiry of available sources of spatial data and 
information regarding their municipality. These sources can either directly be the geospatial 
infrastructure of their municipality or a similar infrastructure of the region their municipality 
belongs to. It may be other available resources such as a geographic information system of the 
environmental agency of their country. 

In this case that they find some available sources online, they can start by browsing the 
geospatial infrastructure they chose as most suitable for this endeavor, they exploit the 
(interactive) tools of the application, they get informed about geospatial data distribution 
services through tools such as WMS2, WFS3 

Through the use of the WFS service of the online infrastructure they can import into a GIS 
software (e.g. QGIS4) the polygons of land uses and municipality boundaries; thematic layers 
that they need for this use case, creating a new project of their own. 

They can then examine the information that it is “attached” to each layer, identifying layers 
(they can be more than one) that designated green spaces. These may be multiple due to the 
different kinds of urban green spaces; groves, parks, recreation areas, city gardens, botanical 
gardens, peri-urban forests etc. 

Thus, it becomes evident that students need to include them all in their analysis. Students 
learn how to address a spatial query through the GI application. In this case, the spatial query 
constitutes finding the union of all layers in their project that can be characterized as urban 
green areas. The end this process by selecting the relevant layers and creating a new layer by 
merging these. This new layer includes the green areas of their municipality. 

 
2 WMS(Web Map Service) is a standard protocol for serving geospatial data as images (e.g., PNG, JPEG) over the 
web. It allows clients to request maps and map layers from a server and display them on a map viewer or client 
application, https://mapscaping.com/the-differences-between-wms-wfs-wcs-wps/  
3 WFS (Web Feature Service) is a standard protocol for serving geospatial data as vector features (e.g., points, 
lines, polygons) over the web. It allows clients to request specific feature data from a server and perform 
operations on the data, such as querying, inserting, updating, and deleting features, ibid. 
4 QGIS, also known as Quantum GIS, is a geographic information system (GIS) software that is free and open-
source. QGIS supports Windows, macOS, and Linux. It supports viewing, editing, printing, and analysis of 
geospatial data, https://en.wikipedia.org/wiki/QGIS  
 

https://mapscaping.com/the-differences-between-wms-wfs-wcs-wps/
https://en.wikipedia.org/wiki/QGIS
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The next step is to visualize/ symbolize this new layer in a way that explicitly states that this 
shows levels green spaces. In this endeavor, the teacher helps them by discussing with them 
on potential symbols, what symbols represent on the map, the concept of representation 
itself. When the have chosen the most suitable symbol, they can observe the pattern of green 
spaces in their city and discuss why they believe this is as such. An important aspect to explore 
and analyze is the ability of inhabitants to access these green spaces, easy in terms of time and 
mobility effort, how close to residential areas of the municipality are these spaces located. 

Phase two: Calculating and assessing 

Students make use of the measurement tool to estimate the size of the study area and they 
create through the field calculator tool a new field for the layers of green areas and 
municipality boundaries. This new field is called: “area” (extent). Through the Statistical 
Summary tool, they get the values of the total area of the Municipality (AM) and its green 
spaces (AG) in square meters (m2). 

Once they have the area of these two layers, they can collect demographic data for the total 
population of their city (PM)according to the last performed census, available on the census 
bureau of their county. Hence, now, they are able to estimate: 

• The index of the area extent of green areas, as the percentage ratio of the total 
urban green areas of the city to its total area (AG/ AM)*100. 

• The green per capita index, as the ratio of the area extent of green spaces in the 
city to its permanent residents (AG/PM). 

Students discuss the results and make assessments about the green areas adequacy in their 
municipality. 

Phase 3: Shaping the future 

Instigating from the results discussed above, students try to suggest interventions to increase 
the two indices in favor of the urban green areas, based on one of the building blocks of urban 
environmental sustainability, that green and blue infrastructure which is defined as “an 
interconnected network of natural and semi-natural areas, green or blue spaces and features 
that deliver a wide range of benefits to urban citizens while also enhancing biodiversity and 
helping to restore local ecosystems5. 

In this respect, students take a close look at the pattern of existing green spaces. They try to 
find how to create “corridors” of green spaces throughout the city extent. 

 

 
5 EEA, Urban Sustainability in Europe -Avenues for change, https://www.eea.europa.eu/publications/urban-
sustainability-in-europe-avenues/at_download/file  

https://www.eea.europa.eu/publications/urban-sustainability-in-europe-avenues/at_download/file
https://www.eea.europa.eu/publications/urban-sustainability-in-europe-avenues/at_download/file
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Proposed interventions: 

Teachers should be able to discuss with the students and guide them through the “solutions” 
and they should give students some examples of European cities that have a high green per 
capita index such as Stuttgart. 

• Students identify on the map of the city the main roadways and suggest to plant 
trees on both sides of them and on the traffic island. Trees may be different in 
different part of the city to enhance biodiversity. 

• Students identify the parts of the road network that connect urban spaces to each 
other. They suggest to plant trees along these roads as well but also they 
recommend that local transportation network is adjusted in a way that 
bus/tramways lines pass through these “corridors” and connect urban space trough 
local/ municipal transportation means so that local population gains easier access 
to them. 

• Students identify brownfield (abandoned industrial areas) and degraded land in the 
city. They recommend that new green areas are created there on. 

• Moreover, students can recommend that the local authorities invest in urban 
gardening as a means to enhance biodiversity but also to get the local population 
plants and trees endemic of the study area. 
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8.5 Case 5 : “Robotics, Coding, and STEAM education” 
 

 

Training teachers in robotics for educational robotics contests involves a comprehensive 
approach that goes beyond mere technical skills. The plan we follow to equip teachers with 
the necessary competencies and foster valuable skills: 

1. Understanding the Context: 

• Objective: Familiarize teachers with the purpose and significance of educational 
robotics. 

• Skills Gained: 
- Awareness of the role of robotics in modern education. 
- Understanding the impact on student learning and engagement. 

 

2. Technical Proficiency: 

• Objective: Develop teachers' technical skills related to robotics. 
• Skills Gained: 

- Robotics Assembly and Programming: 
▪ Teachers learn to build and program robots. 
▪ Understand sensors, actuators, and microcontrollers. 

- Troubleshooting and Maintenance: 
▪ Diagnose and fix common robot issues. 
▪ Maintain robot hardware and software. 

 

3. Pedagogical Approaches: 

• Objective: Enable teachers to integrate robotics effectively into the curriculum. 
• Skills Gained: 

- Project-Based Learning (PBL): 
▪ Design and implement robotics projects aligned with educational goals. 
▪ Encourage student inquiry, collaboration, and problem-solving. 

- Constructivist Teaching: 
▪ Facilitate student-led learning experiences. 
▪ Encourage exploration, experimentation, and reflection. 
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4. Curriculum Design: 

• Objective: Help teachers create robotics-based lesson plans. 
• Skills Gained: 

- Alignment with Learning Objectives: 
▪ Map robotics activities to specific learning outcomes. 
▪ Integrate robotics seamlessly into existing subjects. 

- Assessment Strategies: 
▪ Develop rubrics and assessment tools for evaluating student progress. 

 

5. Inclusive Education: 

• Objective: Equip teachers to engage diverse learners. 
• Skills Gained: 

- Differentiation: 
▪ Adapt robotics tasks for students with varying abilities. 
▪ Address individual learning needs. 

- Collaboration and Communication: 
▪ Foster teamwork and communication skills through group robotics 

projects. 

 

6. 21st Century Skills: 

• Objective: Cultivate essential skills for the future. 
• Skills Gained: 

- Critical Thinking: 
▪ Encourage students to analyze problems and devise creative solutions. 

- Creativity: 
▪ Design open-ended robotics challenges. 
▪ Encourage innovative thinking. 

- Collaboration and Communication: 
▪ Promote teamwork and effective communication. 

- Digital Literacy: 
▪ Understand programming concepts and digital tools. 
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7. Contest Preparation: 

• Objective: Train teachers specifically for robotics contests. 
• Skills Gained: 

- Strategy and Tactics: 
▪ Understand contest rules and scoring. 
▪ Develop winning strategies. 

- Time Management: 
▪ Plan practice sessions and allocate time effectively. 

- Stress Management: 
▪ Prepare teachers to handle contest pressure. 

 

The aim of teacher training is more than just building and programming robots. It is about 
enabling teachers to build on the educational benefits of robotics, providing a learning 
landscape that fosters curiosity, critical thinking, problem-solving, and creativity for learners. 
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Annexes 

Annex 1. [Protocol for Teacher Training : Warm-up phase] 
 

Template for Warm-up phase of a training session: 

TTP-1 TEACHER TRAINING | PROFESSIONAL DEVELOPMENT | WARM-UP PHASE 

Name of the tool or 
technique: 
 

TTP-1.1 This tool or technique belongs to the following GEO – concept(s) 

 [1] Cartography and development of spatial thinking skills 

 [2] Geographic Information System Tools, and techniques for Earth Sciences 

 [3] Remote Sensing, Earth Observation and Satellite applications 

 [4] Visualization and synthesis of information using mapping technologies - Map 
Storytelling 

 [5] STEAM education & robotics, coding for Urban Sustainability 
 

TTP-1.2 This tool or technique is best used for the following age group(s) 

 Age group 1: up to 10 years old 

 Age group 2: between 10 and 16 years old 

 Age group 3: over 16 years old. 
 

TTP-1.3 This tool or technique can be used to cover the following curricular needs (only 
exemplary with reference to the nation to which the curriculum belongs): 

 

TTP-1.4 This background-knowledge (if any) would be advantageous before applying the 
new tool or technique in a classroom: 

 

TTP-1.5 This is the core knowledge a teacher should attain when attending a workshop on 
the new tool or technique: 

Text field to fill in 

Text field to fill in 

Text field to fill in 

Text field to fill in 
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Annex 2. [Protocol for Teacher Training : Hot training phase] 
 

 

Template for Hot training phase of a training session: 

TTP-2 TEACHER TRAINING | PROFESSIONAL DEVELOPMENT | HOT TRAINING PHASE 

Name of the tool or 
technique:  

 

TTP-2.1 Incremental step-by-step training sequences for the respective tool or technique. 

 

TTP-2.2 Key elements for modelling the technique or tool for use in the classroom (without 
them, the tool would lose a large part of its pedagogical value) 

 

TTP-2.3 Exemplary modelling of the implementation of a technology (i.e. a specific tool 
from WP2) for use in the classroom 

 

  

Text field to fill in 

Text field to fill in 

Text field to fill in 

Text field to fill in 
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Annex 3. [Protocol for Teacher Training : Cool-down phase] 
 

 

Template for Cool-down phase of a training session: 

TTP-3 TEACHER TRAINING | PROFESSIONAL DEVELOPMENT | COOL-DOWN PHASE 

Name of the tool or 
technique:  

 

TTP-3.1 Schedule for the presentations for a specific technique by the training participants 

 

TTP-3.2 Feedback from the workshop supervisors and workshop participants on the 

presentations 

 

TTP-3.3 Action planning for implementation at the school site 

 

TTP-3.4 Evaluation of the tools or techniques by the trainee 

 

Text field to fill in 

Text field to be filled in before the afternoon session of the workshop meeting 

Text field (this cannot be done in advance) 

Text field (this is carried out by the trainees in the workshop) 

Text field (this is carried out by the trainees in the workshop) 


