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Abstract 

The aim of this document is to describe the Pedagogical Framework underlying the services 

and activities of the GOSTEAM project and the main pedagogical approaches behind it. It is 

the outcome of desk research and consultations within the GOSTEAM consortium that took 

place in the first year of the GOSTEAM project, setting the ground for the consequent 

phases. It provides the conceptual framework and agenda for the development of the 

GOSTEAM educational environment, and the scenarios of its use, trial and validation in real-

life settings. The report will describe how the proposed approach provides ways to analyze 

plan and respond, such as identifying and visualizing information, evaluating resources, and 

integrating knowledge and experience. It will also include a review of current trends (e.g. 

inquiry based teaching and design for change research) in science education and 

communication. As it lies right at the outset of the project activities, the GOSTEAM 

Pedagogical Framework design should be seen as a starting point rather than a final project 

outcome. It will be being revisited throughout the consequent project phases, enriched with 

experiences gained there, and, if necessary, enhanced and revised.  
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1. Introduction 

GOSTEAM aims to design, implement, and evaluate educational hands-on STEAM activities 

in the fields of Geographic Information Science (GIS) and Technology, Cartography, and 

Environmental Science for shaping the next generation of geospatially and environmentally 

aware citizens. These fields deal with monitoring, measuring, analyzing, representing, and 

understanding the natural and anthropogenic environment using up-to-date and coherent 

approaches. They contribute to a better understanding of interdisciplinary phenomena and 

to the explanation and resolution of complex problems such as monitoring coastal erosion 

and flood patterns, predicting the effects of sea level rise, projecting urban sprawl, and 

studying sustainability factors. 

 

The aim of this document is to describe the Pedagogical Framework underlying the services 

and activities of the GOSTEAM project and the main pedagogical approaches behind it. It is 

the outcome of desk research and consultations within the GOSTEAM consortium that took 

place in the first year of the GOSTEAM project, setting the ground for the consequent 

phases. It provides the conceptual framework and agenda for the development of the 

GOSTEAM educational environment, and the scenarios of its use, trial and validation in real-

life settings. The report will describe how the proposed approach provides ways to analyze 

plan and respond, such as identifying and visualizing information, evaluating resources, and 

integrating knowledge and experience. It will also include a review of current trends (e.g. 

inquiry based teaching and design for change research) in science education and 

communication. As it lies right at the outset of the project activities, the GOSTEAM 

Pedagogical Framework design should be seen as a starting point rather than a final project 

outcome. It will be being revisited throughout the consequent project phases, enriched with 

experiences gained there, and, if necessary, enhanced and revised.  

 

Work conducted towards the design of the GOSTEAM Pedagogical Framework aimed at 

investigating the pedagogical issues arising out of the project’s intention to design, 

implement, and evaluate blended innovative educational approaches and digital tools that 

provide interactive, experiential learning, towards spatial thinking and environmental 

education, and integrate within the curricula. Incorporating the terms of spatial analysis, 

environmental science and climate change into the curriculum requires systemic thinking 

and interdisciplinary approaches, demanding in parallel for pedagogical innovations that 

support transformative, and real-world learning [1]. The key idea is to enhance students’ 

competences for a sustainable future of the knowledge society, following the evidence to 

make decisions using the transformative power of digital technologies and ICTs. Hence, it is a 

matter of paramount importance that students study specific real-world problems affecting 

their daily lives in order to be able to tackle big challenges at a local and regional scale. 

Consequently, for the GOSTEAM project, there are some concrete goals/objectives based on 

the need to increase deeper knowledge, competencies and awareness in the educational 

community. The key goal is that the students build an interdisciplinary, holistic picture of 

selected phenomena linked to students’ communities and interests.  
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In general, the pedagogical framework should set the way forward towards meeting the 

project’s objectives that mainly lie within: 

a) to transfer academic knowledge and research practices to secondary education and  

b) to apply, in and outside the classroom, research methodologies and new technologies 

that tackle complex geospatial problems related to topics such as: 

• Production of innovative mapping products from remote sensing platforms and 

advanced sensors to familiarize students with geospatial technologies and their use 

in innovative environmental monitoring applications, such as water quality 

assessment, but also in agriculture and agri-food applications. Innovative activities 

also include mapping land use and land cover across geographic scales and linking 

them to environmental issues and climate change data. 

• Spatial data collection using GPS receivers for geolocating, measuring distance, 

speed, and acceleration, and for monitoring change in time. Students explore the 

concepts of positioning and navigating by using GPS and by playing geogames. 

• Conducting projects that collect and combine data, analyze and visualize them using 

free/ open source Web Cartography and Geographic Information software and 

systems. Projects vary in themes and degree of difficulty, ranging from those 

handling specific concepts (e.g. developing 3D terrain models to understand relief, 

slope, aspect, visibility etc.), to more complex ones to visualize, analyze, and 

understand complex phenomena (e.g. impacts of climate change, studying the 

spread of diseases etc.). 

 

GOSTEAM’s primary target group is secondary education students in 4 European Countries. 

These fit into the notion of “digital natives” [2] that denotes children who, raised in a digital 

media world, require a media-rich learning environment. Although exposure of this 

generation to digital media and cyberspace is undisputed and the ease with, they use 

technology is obvious, specialists such as Mozilla chairwoman M. Baker (2018) [3] advocate 

that “we are intentionally building the next generation of technologists who have not even 

the framework, the education or vocabulary to think about the relationship of STEM…to 

society or humans or life”. GOSTEAM envisions to provide students with a collection of 

hands-on STEAM activities, which make use of the technology, but also cultivate their 

cognitive abilities and skills such as problem-solving and critical thinking as well as dealing 

with interdisciplinary themes such as environmental literacy and global awareness. 

Moreover, GOSTEAM addresses the need to connect the curricula with real-life and day-to-

day issues by designing, implementing, and testing educational activities, which deal with 

real problems and challenges important for our future, such as climate change, poverty, 

food supplies, energy and natural resources, natural hazards, and population distribution. 

 

Based on this pedagogical framework, a series of School based activities; presentations and 

workshops; summer schools; training courses and demonstrations at teachers’ training 

centres; training seminars and science center based activities; will take place to demonstrate 

and validate the proposed approach and the GOSTEAM tools/resources by all stakeholders. 
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2. Pedagogical Principles 

Modern pedagogy indicates that teaching should be guided by a holistic planning process 

that takes the students' learning processes, the subject matter and the teaching methods 

into account. Students' orientation is a very important and significant variable which 

correlates positively with students' performance. It offers students the chance to link the 

information presented to their prior experience and knowledge. They have the chance to 

engage in an active and self-guided learning process. Consequently, effective learning 

processes should be designed with student's prior experience and knowledge.  

For to learn science in meaningful ways students need to see connections to familiar 

problems relevant and important in their daily lives. Additionally, situated learning fosters 

the ability to transfer acquired knowledge to a variety of different situations. Situated 

learning is an essential component of acquiring the ability for self-organised and self-

regulated learning. Ideally schools should provide opportunities for the development of a 

competence to learn and, an ability to be an autonomous learner in the future. This includes 

the development of meta-cognitive learning competences like e.g. elaboration strategies or 

learning strategies and their application and usefulness. Learning processes in the future will 

be embedded in communicative situations, where teaching science offers good conditions 

for fostering communication and cooperation in students' experimental practices. 

For a content orientation the planned teaching topics should be based on a broad field of 

knowledge and application. To be effective, the teaching sequences should build up in a way 

that student knowledge can increase and link, in other words be “constructed” by them. 

Learning processes in science are orientated to the increasing complexity in science. An 

increasing process of constructing systems and rules, a more and more theoretical guided 

model building on the basis of an experimental extraction of a part of reality are features of 

such scientific inquiry. This necessary systematic, long-term planned and cumulative learning 

contributes to well-arranged, internally linked and in different situations, flexible adaptive 

knowledge. Of course, the school is a part of the students’ life, but learning in school can 

only be successful, if the information is also relevant beyond the walls of the school. There 

should be a guaranteed link to future learning processes. Summarizing these aspects, 

teaching and learning in science is successful, if it is possible to realize a sequence of topics 

that equally guarantee a systematic learning (vertical knowledge transfer) and situation-

orientated learning with everyday tasks and problems (horizontal knowledge transfer). A 

method orientation expresses the possibility for the students to learn the necessary subject 

and cross subject methods. In the learning groups there should be occasions for dialogs, at 

first guided by the help of a teacher, but more and more autonomous and aimed at the 

development of scientific orientated conceptions and concepts. The students should have 

the possibility to describe their individual learning pathways and their individual solutions to 

problems. 

In the teaching of school science, curriculum material and instructional strategies ideally 

should be tailored to the abilities and aptitudes of different types of learners. The overall 
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objective should be to create learning environments which allow students to interact 

physically and intellectually with instructional materials through 'hands on' experimentation 

and 'minds on' reflection. Effort should be made to provide materials and instruction that 

give reality and concreteness to scientific concepts. Ideally, teachers should use a variety of 

instructional strategies and learning materials with the aim of increasing the impact and the 

effectiveness of their teaching. The importance of varying instructional techniques has been 

investigated [4, 5], suggesting that a strong relationship exists between a student's 

motivational characteristics and her or his preference for particular modes of instruction. 

This finding is important and should be taken into consideration in the design and 

implementation of instructional techniques and content. Therefore, it would be useful if 

science educators would consciously utilize (1) a wide repertoire of instructional strategies in 

their work with learners in schools, as well as (2) a wide range of out of school environments 

which foster science learning. 

The project GOSTEAM will be implemented both in schools of Greece, Sweden and Austria 

(formal environment) as well as in a science center in Italy (informal environment) with 

primary and secondary school students. 

The GOSTEAM pedagogical framework is based on the Whole School Approach that embeds 

four main pedagogical approaches, the Inquiry /Project-based learning and the Design-based 

Research for classroom projects & activities, the Coding/Engineering & Spatial skills 

approach for participating in STEM activities such as analysing data from satellite images 

with the help of digital tools and the Teachers Training approach implemented with teachers 

that are willing to bring GOSTEAM in their class and promote the students 21st Century Skills. 

The framework aims to provide instructions on how to integrate into the curriculum real-

problems examination and materials that make use of digital content and technologies while 

proposing innovative teaching strategies based on phenomena, project- and inquiry-based 

approaches and STEAM hands-on activities. 
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2.1 Whole School Approach (WSA) 

 

Tilbury & Galvin’s [6] recent paper (2022), refers to a Whole School Approach (WSA) to 

Learning for Environmental Sustainability, in which they listed the following key starting 

questions that need to be addressed by the school community:  

1. ‘What is taught (curriculum; hidden curriculum)?  

2. Where does learning take place (classroom; school buildings; campus; 

community)?  

3. Who do we learn from (teachers - school staff parents - partnerships)?  

4. How is learning taking place (action learning; participatory learning; critical 

reflective learning; values clarification)?  

5. Is there a culture of sustainability? 

6. Can staff, students, and the wider community see the alignment between the 

what, where, who, and how?’ 

 

The input paper also concludes with a five-point summary, based on Henderson and 

Tilbury [7] characterizing an effective WSA scheme and vision as: 

 

1. Relevant to school’s mission; national educational priorities; community identity; 

as well as localized to the environmental priorities and regional needs. 

2. Resourced with expertise and support in sustainability and learning for 

sustainability; physical resources and technologies to make the transition; and 

medium-term financing opportunities to execute plans. 

3. Reflective which targets the critical reflection and evaluation at all levels; 

developed critical thinking, digital and sustainability competences in its staff and 

students; striving to become a learning organization. 

4. Responsive by embracing a flexible structure and adapting to local and cultural 

settings; learners develop the capabilities to recognize complexity as well as the 

changing nature of sustainability challenges and reject a one size fits all approach 

to sustainability. 

5. Reformative in the form of appreciating that the agenda is not simply one of 

adding on environmental or sustainable development goals (EDG or SDG) themes 

to the curriculum but rather involves reframing the entire educational experience. 
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All interrelating elements that together constitute a modernized WSA are presented in 

Figure 1 and each one of them responds to the above-mentioned questions that according 

to Tilbury and Galvin [7] must be addressed. In addition to the conceptual diagram 

presented in the above Figure, numerous research efforts and national initiatives have 

already mentioned the number of key ‘ingredients’ of a WSA towards an effective ESD 

[9,10]. These can be summarized as follows:  

• Whole-school participation in planning and actions and strong leadership that places 

high value on sustainability; 

• Reciprocal partnerships between the school, students, families, community and 

stakeholders; 

• Inclusive and democratic learning and teaching approaches that value critical 

thinking and active participation and inter- and transdisciplinary approaches to 

curriculum; 

• The school is viewed as a ‘learning organisation’ that supports collegial practitioner 

research and professional development for teachers, managers, and their 

professional and community partners. Also, school grounds and buildings are valued 

as learning environments; 

• Engaging in participatory key decision-making and being involved in action for 

sustainability and reflecting the cultural diversity of the school and its community; 

Figure 1: The Whole School Approach Flower Model with its six key components (adapted from Mathie & 

Wals [8]) 
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• Celebrating whole school achievements in ESD, participating in local, national and 

international competitions and/or challenges or being part of a broader community 

related to SDGs; 

• Continuous monitoring and evaluation processes by achieving goals and targets, and 

continuously improving programmes. 

Following the aforementioned model the GOSTEAM approach takes into account: 

o School practices, by developing educational scenarios that allow students to 

experiment with activities that prioritize environmental learning (e.g. the Wind Farm 

scenario) 

o Inquiry-based pedagogy mixed along with the design for change process, Coding & 

Spatial Analysis where both project-based learning and collaborative earning are 

promoted 

o Current curricula in the 4 partner’s 4 participating countries as all activities are 

designed to follow the school’s analytical program  

o Teachers professional development for introducing spatial skills in schools via the 

usage of digital tools in class 

o Connection of schools to the local community by working together or dissemination 

sustainability challenges within the school-society environment. 

As inquiry remains in the core of the educational approaches adapted, a short introduction 

on the Inquiry-based approach will be given to point the strengths and the constraints of 

inquiry, followed by an indicative example tailored to light pollution for completeness of this 

pedagogical approach. 

2.2 Inquiry-based learning 

2..2.1 Generic features of Inquiry-based learning 

Inquiry, by definition, is the intentional process of diagnosing problems, critiquing 

experiments, and distinguishing alternatives, planning investigations, researching 

conjectures, searching for information, constructing models, debating with peers, and 

forming coherent arguments [11]. 

Inquiry-based learning is applicable at all levels of formal education, from infant schools to 

universities, and takes place in informal as well as formal learning contexts. In this 

introductory section, we highlight generic features of this approach to learning and teaching, 

as background context for the subsequent specific focus on Inquiry Based Science Education 

(IBSE) in school-level science learning. The overview that follows draws directly from The 

Sheffield Companion to Inquiry-based Learning [12]. 

Inquiry-based learning describes a cluster of learning and teaching approaches in which 

students’ inquiry or research drives the learning experience. Students conduct inquiries that 

enable them to engage actively with questions and problems associated with their subject or 

discipline. Students use the inquiry methods and practices of the subject to construct and 

share knowledge. Inquiry learning is an empowering approach with benefits for subject 

learning as well as a wide range of important high-order intellectual attributes. Successful 
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inquiry learning flows from purposeful engagement with inquiry questions and tasks, in a 

challenging and supportive learning environment. 

Inquiry learning can be applied flexibly across different educational contexts, across all 

academic disciplines. There is no single design protocol and teaching strategies vary. 

However, the fundamental point of departure is always an authentic question or problem 

that may be formulated by students themselves, their teachers, or others. Tasks designed to 

provide a framework for inquiry include problem or case scenarios, field-work investigations, 

experiential learning projects and laboratory experiments as well as research projects of 

various kinds. Students’ inquiries may be small or large in scale, involving ‘whole-cycle’ 

research projects or only specific elements of a larger research process. Often working 

collaboratively or co-operatively with peers, sometimes in partnership with teachers, 

students are supported by teachers and others with specialist educational roles (e.g. 

librarians, learning technologists, or museum educators) to apply the scholarly and research 

techniques of their academic or professional discipline. Inquiry learning often involves the 

use of digital resources and tools and may be carried out face-to-face, on-line or in a 

blended combination of these. Inquiry processes may be highly structured or more flexible, 

some giving students a large degree of control in the framing and direction of their inquiries 

and others being more strongly teacher-directed. Not uncommonly, students become 

involved in self- and peer-assessment of their inquiries and engage in critical reflection on 

the process they have experienced. They may be encouraged to share the results of their 

inquiries with each other and with wider audiences.  

In inquiry-based learning, the inquiry process is to the fore, with all learning tasks, 

assessments, resources, environments, and teaching strategies designed to support learning 

through an emergent process of exploration and discovery. Use of inquiry approaches in 

teaching typically reflects strong commitment to educational values and beliefs associated 

with student-centeredness and learner empowerment, with teachers aiming to encourage 

students to develop a significant amount of responsibility for their learning. From the 

perspective of the inquiry teacher, a key challenge is to establish conditions in which 

students’ inquiries are stimulated and can flourish, and in which they are supported 

effectively in developing relevant inquiry competencies and other process skills. There is 

strong and consistent evidence across many studies that provision of appropriate support is 

essential for productive inquiry learning. A strong focus on the development of process (as 

well as subject) knowledge and skills is a feature of the intended learning outcomes of many 

inquiry approaches, including process knowledge and skills that relate specifically to the 

academic discipline in question and more generic areas (such as information and digital 

literacy, or group-work, skills).  

Inquiry-based learning can meet a variety of educational purposes and it is useful to 

distinguish the epistemic status of different modes and outcomes. Inquiry learning can be 

employed to foster acquisition of clearly-defined, ‘certain’ knowledge such as the conceptual 

foundations of a scientific discipline. Alternatively, it can be used to engage students 

explicitly with uncertainty, multiple perspectives and contestation through exploration of 

open-ended questions and problems to which ‘right’ answers have not yet been 
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(provisionally) established or do not exist. Therefore, from one perspective inquiry learning 

can be seen as a variant of active learning in which students carry out research-like activities 

to explore and master an existing knowledge-base, and to develop relevant discipline-based 

and other transferable capabilities and understandings. From another, at more advanced 

levels of education this approach extends student learning towards and well into the realms 

of genuine scholarship and research, positioning students as engaged producers or authors 

of knowledge with potential to participate in generating original intellectual or creative 

outcomes. Both learning and knowledge-building can be seen as potential experiences and 

outcomes of inquiry learning, where (following [13]) learning refers to personal conceptual 

development and knowledge-building and to the improvement of information and ideas in a 

domain [14].  

Inquiry-based learning often is seen as encompassing related approaches including problem-

based learning (PBL) and forms of project-based learning, case-based learning and design-

based learning. It is not uncommon for the terms inquiry-based learning and PBL in 

particular to be used synonymously and differentiation between the two is further 

complicated by the variety of forms that PBL can take. Problem-based learning describes a 

learning environment where problems drive the learning. That is, learning begins with a 

problem to be solved, and the problem is posed in such a way that children need to gain 

new knowledge before they can solve the problem. Rather than seeking a single correct 

answer, children interpret the problem, gather needed information, identify possible 

solutions, evaluate options and present conclusions. Inquiry-Based Science Education is a 

problem-based approach but goes beyond it with the importance given to the experimental 

approach. Thus, inquiry learning can be identified as the broader and more flexible concept 

of the two and PBL as a subset of inquiry learning. 

In the sections that follow we will look into the essential features of inquiry and how they 

can be adopted by the GOSTEAM approach both in terms of activities in classrooms and in 

technology-supported learning environments. Furthermore, we will examine also the 

constraints in using the inquiry-based methodology as seen from the point of the 

teacher/educator and from that of the student/learner. 

2.2.2. Essential features of inquiry-based learning 

Inquiry-based learning is rooted in the scientific method of investigating phenomenon in a 

structured and methodical manner. Related to teaching and learning, it is an information-

processing model that allows pupils to discover meaning and relevance to information 

through a series of steps that lead to a conclusion or reflection on the newly attained 

knowledge. In most cases, teachers use a "guided inquiry" method to facilitate the learning 

experience and structure the inquiry around specific goals of instruction. The benefits of 

inquiry-based learning include the development of critical thinking, creative thinking, and 

problem solving. 

From the perspective of the information frame inquiry is perceived as the exploration and 

acquisition of existing disciplinary knowledge. On the other hand, from the discovery frame 

the inquiry is perceived as participation in building on, and contesting, that knowledge. 
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The framework (see image below) also describes inquiry-based learning in terms of whether 

the tasks are allocated by the teacher (teacher-led) or whether the learners formulate 

questions themselves (student-led). As learners develop skills of scientific enquiry they 

should move towards the student-led inquiry. Within GOSTEAM teachers can encourage 

learners to compose questions that can be answered either by using the software or by 

further research.    

 

Inquiry-based Learning: Conceptions and Approaches, source [15] 

 

In summary in order to shift towards a more inquiry-oriented classroom, we have to 

consider five essential features: 

• Student engages in scientifically oriented questions. 

• Student gives priority to evidence in responding to questions. 

• Student formulates explanations from evidence. 

• Student connects explanations to scientific knowledge. 

• Student communicates and justifies explanations. 

 

In more general terms, inquiry can contribute to the development of science content 

understanding in various ways. Hence, inquiry activities can lead learners to confront the 

boundaries of their knowledge or recognize gaps in that knowledge [16]. The limits of one’s 

knowledge are often revealed by the failure of an expectation about a particular situation 

leading to curiosity. The curiosity elicited by such problematic situations creates a focused 

motivation to learn [17]. 

In order to successfully complete a scientific investigation science content knowledge is 

required. Designing an inquiry activity can, therefore, place a demand for knowledge on the 

part of a learner that will require him or her to acquire it to complete the investigation 
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successfully. By providing learners with the opportunity to pursue answers to questions, 

inquiry activities can enable learners to uncover new scientific principles and refine their 

pre-existing understanding of scientific principles in the answers that they construct. 

Inquiry activities can give learners the opportunity to apply their scientific understanding in 

the pursuit of research questions. The need to apply scientific knowledge can require a 

learner to re-organize and re-index it in ways that will support its future use. The application 

of existing knowledge can also reinforce it and enrich its connections to other knowledge. 

2.2.3 Constraints in adopting inquiry-based teaching 

A. From the teachers’ point of view 

The effective widespread use of inquiry and problem-based science teaching techniques in 

primary and secondary schools heavily depends on teachers. There are many surveys 

presenting a series of constraints in the adoption of inquiry-based methods in science 

teaching [18]. Furthermore, numerous analyses revealed that the science education 

community is using the term inquiry in a variety of ways, including the general categories of 

inquiry as content and inquiry as instructional technique, and is unclear about the term's 

meaning. The evidence indicates that "although teachers made positive statements about 

the value of inquiry, they often felt more responsible for teaching facts, 'things which show 

up on tests,' 'basics' and structure and the work ethic" [4].  

The main consideration is of inquiry as an instructional technique. For not teaching science 

by inquiry, not employing it for introducing the content or not using experiences oriented to 

inquiry, teachers are giving a number of reasons. Among them are problems managing the 

classroom, difficulty meeting curriculum requirements, troubles obtaining supplies and 

equipment, dangers that some experiments might pose for students, and concerns about 

whether inquiry really worked. 

The greatest set of barriers to the teacher support of inquiry seems to be its perceived 

difficulty. There is a legitimate confusion over the meaning of inquiry in the classroom. There 

is concern over discipline. There is worry about adequately preparing children for the next 

level of education. There are problems associated with the teachers' allegiance to teaching 

facts and to following the role models of the college professors [19]. 

There is plenty of evidence pointing to the difficulty of empowering teachers to engage in 

innovation, especially in tightly accountable systems based on performance targets. In 

education there is no shortage of energy and expertise, and certainly no lack of commitment 

or moral purpose amongst teachers. 

So, the following questions need to be addressed: 

• How could we support them, and give them the creative space and incentives they 

need to be innovative? 

• What sort of interventions could both release professional imagination, whilst 

encouraging work that is disciplined and system relevant?  
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• How can the system learn from the resultant innovation and its process 

characteristics so that these can be taken to scale?  

• How can busy, performance-driven teachers become aware of approaches and 

techniques which are emerging in other sectors - private and voluntary, as well as 

across public services more widely?  

• Some school leaders do manage to scan other horizons for ideas with transfer 

potential. How far can this be done on their behalf, to shortcut the investment of 

time, and also op and also optimize the scope for adaptation? 

To implement inquiry in the classroom effectively there are three crucial ingredients:  

(1) teachers must understand precisely what scientific inquiry is;  

(2) they must have sufficient understanding of the structure and content of science itself; 

and (3) they must become skilled in inquiry teaching techniques.  

 

Science teachers should know the differences between three concepts. First is inquiry as a 

description of methods and processes that scientists use; next is inquiry as a set of cognitive 

abilities that students might develop; and last is inquiry as a constellation of teaching 

strategies that can facilitate learning about scientific inquiry, developing the abilities of 

inquiry, and understanding scientific concepts and principles. At the level of individual 

teachers this implies getting the following things to happen: 

• Individual teachers need to become aware of specific weaknesses in their own 

practice. In most cases, this not only involves building an awareness of what they do 

but the mindset underlying it. 

• Individual teachers need to be motivated to make necessary improvements. In 

general this requires a deeper change in motivation that cannot be achieved 

through changing material incentives. Such changes come about when teachers 

have high expectations, a shared sense of purpose, and above all, a collective belief 

in their common ability to make a difference to the education of the children they 

serve. 

• Individual teachers need to gain understanding of specific best practices. In general, 

this can only be achieved through the demonstration of such practices in authentic 

settings. 

B. From the students’ point of view 

Even though inquiry offers compelling opportunities for science learning, there are many 

challenges (obstacles) to the successful implementation of inquiry-based learning. For 

example, researchers have documented that children have difficulties conducting systematic 

scientific investigations. 

Data gathering, analysis, interpretation, and communication are all challenging tasks that are 

made more difficult by the need for content-area knowledge. While we entered this design 
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process with some specific ideas of how technology could be used to address the challenges 

of inquiry-based learning, we found that these challenges appeared in many forms and that 

responding to them effectively almost always required the use of both technological and 

curricular design strategies. Here we focus on five of the most significant constraints to the 

successful implementation of inquiry-based learning as also indicated by in [20]. The 

experiences described below demonstrate that the failure to address any of these 

challenges successfully can prevent students from successfully engaging in meaningful 

investigations and therefore undermine learning. The five constraints are: 

Motivation. For students to engage in inquiry in a way that can contribute to meaningful 

learning they must be sufficiently motivated. The challenging and extended nature of inquiry 

requires a higher level of motivation on the part of learners than is demanded by most 

traditional educational activities. To foster learning, that motivation must be the result of 

interest in the investigation, its results, and their implications. When students are not 

sufficiently motivated or they are not motivated by legitimate interest, they either fail to 

participate in inquiry activities, or they participate in them in a disengaged manner that does 

not support learning.  

Accessibility of investigation techniques. For students to engage in inquiry, they must know 

how to perform the tasks that their investigation requires, they must understand the goals 

of these practices, and they must be able to interpret their results. Scientific investigation 

techniques such as data collection and analysis can be complicated and typically require a 

level of precision and care that are not required of students in their everyday experiences. If 

students are not able to master these techniques, then they cannot conduct investigations 

that yield meaningful results. The need for tools to be accessible to learners across the full 

diversity of abilities and prior experiences is another challenge of Learner- Centered Design. 

Background knowledge. The formulation of research questions, the development of a 

research plan, and the collection, analysis, and interpretation of data, all require science 

content knowledge. In designing inquiry-based learning, the challenge is providing 

opportunities for learners to both develop and apply that scientific understanding. If 

students lack this knowledge and the opportunity to develop it, then they will be unable to 

complete meaningful investigations.  

Management of extended activities. To achieve the ultimate goal of open-ended inquiry, 

students must be able to organize and manage complex, extended activities. A scientific 

investigation requires planning and coordination of activity and the management of 

resources and work products. Students are not typically asked to manage extended complex 

processes as part of traditional educational activities. If they are unable to organize their 

work and manage an extended process, students cannot engage in open-ended inquiry or 

achieve the potential of inquiry-based learning. 

The practical constraints of the learning context. The technologies and activities of inquiry-

based learning must fit within the practical constraints of the learning environment, such as 

the restrictions imposed by available resources and fixed schedules. While this challenge 

may not have the same theoretical importance as the other four for advancing our 
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understanding of the learning sciences, it has enormous practical implications for design. A 

failure to work within the available technology or fit within the existing schedule in a school 

will doom a design to failure. Therefore, meeting the constraints of the environment is a 

critical consideration in design that must be considered alongside learning needs in the 

design of curriculum and technology. 

GOSTEAM inquiry-based educational scenarios 

An educational scenario in the GOSTEAM project describes the organization and 

coordination of various individual science learning resources into a coherent plan so that 

they become a meaningful science learning activity for a specific user group (e.g. teachers, 

students, other museum visitors, etc.) in a specific context of use. Further, educational 

scenarios directly serve the priority assigned by the project to the integration of resources 

scattered in various platforms into the same learning experience rather than the mere 

selection of resources from an institution or research facility. 

It should be kept in mind that an GOSTEAM educational scenario may include only the use of 

digital content at a distance, without physically visiting the observatory or a science centre 

(‘virtual visit’), or a combination of using digital content (at a distance or onsite) with a 

physical visit to an observatory or research facility (‘physical visit’). In practical terms, it is 

proposed that teacher and learner activity be described in the educational scenarios as an 

iterative process consisting of five phases (see below). 

 

In the framework of the project transdisciplinary classroom activities targeted at Upper 

Primary and Secondary students, relating geo-spatial activities with Sciences, Arts, & 

Humanities were developed. The use of new technologies and digital tools is encouraged in 

all activities. These instruments will assist students and teachers in making their own 
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discoveries and share them with their communities, thus developing their problem-solving, 

communication and collaboration competences. The activities selected for the toolkit 

include innovative resources that mix conventional and technologically driven practices, 

enabling teachers and students to investigate, interpret and draw conclusions about the 

light pollution problem and its connection to climate change. The toolkit will include 

activities specially designed for vision-impaired individuals. 

The activities combine Inquiry-based, project and phenomena-based educational 

approaches. These methods have been demonstrated as powerful instigators in STEAM 

education and are an essential part for the successful implementation of the pedagogical 

framework in the participating schools. The classroom activities can be used in and have 

great transferability potential for more STEAM subjects such as Earth Sciences, Biology, and 

Chemistry, ICT, Arts in all its forms and other relevant disciplines that will enrich the 

student’s experiences. 

Through the activities the project aims to improve STEAM education in the classroom and 

support the discussion of light pollution and climate change. It is expected that the activities 

will become a long-lasting legacy of the project, serving as reference for future activities 

carried by the participating schools for years to come, and acting as guidelines for other 

schools interested in tackling the light pollution and climate change issues.  

The educational scenarios (implemented in the form of classroom activities) will be 

developed under various modules:  

• Monitoring biodiversity loss,  

• Solving complex spatial problems,  

• Using location band apps (GIS), and  

• Using chartography and mapping in the classroom 

• Promoting spatial thinking in science curricula 

The designed educational scenarios will enable students to investigate, solve and act upon 

environmental and sustainability-related real-world change processes and helps teachers 

not only in engaging students in the content but also in collaborative teaching approaches by 

facilitating discussion about the topics presented and helping make abstract or conceptual 

content more understandable. 

 
In summary, and in terms of addressing issues related to geo-spatial thinking we will:  

• Use constructivist approaches to learn in general as well as an emphasis on a 

context-oriented or competence – oriented structure of the learning path. 

• Provide the engage-phase to grasp the phenomenological aspect of geospatial 

thinking and problems connected to spatial analysis. Only after this cognitive 

activation and the generation of problem awareness, students are supported to 

acquire relevant scientific knowledge to identify questions and to draw evidence-

based conclusions. 

• For structuring the learning paths in such a way, inquiry-based approaches will be 

used (5E-Model - engage, explore, explain, elaborate, evaluate). 
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An indicative approach on how to use the inquiry-based approach in designing an 

educational scenario/activity (Earth Observation & Satellite images in the classroom) is 

depicted below: 

 

2.3 Spatial concepts, skills and abilities 

In order to match geospatial concepts with geographic educational needs Golledge et al. [21, 

22] have proposed a geospatial task ontology that consists of 45 geospatial concepts 

organized in five categories, from basic concepts called primitives to complex ones, which 

are 4th order derivatives. Karl Grossner [23] and Golledge himself added several other 

concepts to the initial Golledge list reaching their number to 126, while keeping the original 

categorization of primitives, 1st order derivatives and so on to accommodate the complexity 

and diversity of the geospatial domain. 

These concepts have been presented analytically in GOSTEAM’s Geospatial concepts and 

spatial abilities documentation (see Section 3.2 and Table 1 & Table 2 therein): 

http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf 

In GOSTEAM’s Template for designing educational scenarios, a list of the most related to 

school education spatial skills has been added in the scenarios metadata area allowing for 

teachers to be informed about the spatial skills that each scenario promotes and to also take 

into account when designing their own scenarios. The list of preselected spatial skills within 

each scenario’s metadata are: 

• Map literacy 

• Navigation/orientation 

• Estimating distances and directions 

• Recognizing and understanding patterns/Understand and identify models of 

http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf
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• spatial organization 

• Select an ideal location based on the given spatial features 

• Visualization 

• Understand and identify spatial correlations/ dependencies 

• Categorize spatial entities/ geographic features and identify hierarchies 

• Compare spatial entities and draw analogies among them 

• Identify/determine connections/relations 

• Understanding scale in space and time 

• Delineation of spatial regions/ zones based on given features/ properties 

A short description of the aforementioned skills is necessary for the educator to understand 

its connection to the school curricula and to the learning outcomes of each educational 

activity. This description is included in each Scenario Template:  

• Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting 

andgiving walking and driving directions. 

• Estimating distances and directions: Measure paths, weighted distances, angles. 

• Map literacy: Using, interpreting/understanding, learning from, and communicating 

acquired spatial knowledge from maps, comprehension of geographic features 

represented as points, lines, or polygons. 

• Recognizing and understanding patterns/Understand and identify models of spatial 

organization. Delineation of spatial regions/zones based on given 

features/properties: Regionalization processes, pattern recognition and clustering 

identification in the 2d and/or the 3d world. 

• Select an ideal location based on the given spatial features: Single or multi-criteria 

siting and optimal areas identification. 

• Visualization: Visualizing spatial entities from written/oral verbal descriptions, from 

their 2d or graphical representations or through mental transformations; such as 

axis rotation or perspective taking. 

• Understand and identify spatial correlations/ dependencies: The ability to realize, 

identify and explain patterns, clusters and relevant spatial dependencies. 

• Categorize spatial entities/geographic features and identify hierarchies: Identify the 

hierarchical form of data and gradients between spatial entities. 

• Compare spatial entities and draw analogies among them: Calculate and compare 

different geometric objects’ shapes, area and boundaries. 

• Identify/determine connections/relations: The ability to identify links and common 

characteristics among spatial entities and between humans and spatial entities. 

• Understanding scale in space and time: The understanding of changes/transitions 

through space and time for different spatio-temporal scales. 

The spatial concepts and abilities metadata appears in the following way within the 

GOSTEAM Educational Scenario Template (both for formal and informal educational 

activities) 
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Moreover, the metadata related to the spatial skills has the following structure: 

 

 

The GOSTEAM two templates for designing a Hands-on Activity in a formal (school) or 

informal (science center) educational environments can be found on the GOSTEAM website: 

a) Formal following Inquiry-based learning  

https://gosteam.eu/wp-content/uploads/2023/10/GOSTEAM_Template_Inquiry_Fn.pdf 

b) Informal   

https://gosteam.eu/wp-content/uploads/2023/10/GOSTEAM_Template_Informal_Fn.pdf 

https://gosteam.eu/wp-content/uploads/2023/10/GOSTEAM_Template_Inquiry_Fn.pdf
https://gosteam.eu/wp-content/uploads/2023/10/GOSTEAM_Template_Informal_Fn.pdf
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2.4 From Design-based Research to Design for Change Process (DFC) 

 

Design-based research is a methodological approach [24] that aligns with research methods 

from the fields of engineering or applied physics, where products are designed for specific 

purposes [25, 26, 27, 28]. Consequently, investigators using design-based research approach 

educational inquiry much as an engineer develops a new product: First, the researchers 

identify a problem that needs to be addressed (e.g., a particular learning challenge that 

students face). Next, they design a potential “solution” to the problem in the form of 

instructional tools (e.g., reasoning strategies, worksheets; e.g., [29]) that theory and 

previous research suggest will address the problem. Then, the researchers test the 

instructional tools in a real-world setting (i.e., the classroom) to see if the tools positively 

impact student learning. As testing proceeds, researchers evaluate the instructional tools 

with emerging evidence of their effectiveness (or lack thereof) and progressively revise the 

tools—in real time—as necessary [30]. Finally, the researchers reflect on the outcomes of 

the experiment, identifying the features of the instructional tools that were successful at 

addressing the initial learning problem, revising those aspects that were not helpful to 

learning, and determining how the research informed the theory underlying the experiment. 

This leads to another research cycle of designing, testing, evaluating, and reflecting to refine 

the instructional tools in support of student learning. 

Designed-based Research and Earth Observation 

Designed-based Research (DBR) approach is important for investigating/studying light 

pollution and other climate change topics because: 

• Design Based Research integrates two endeavours – development and research – in 

the process of designing artefacts (teaching materials, learning strategies, curricula, etc.) 

for school practice 

• Earth observation provides a number of aspects going beyond mere physics subject 

matter and involves social, environmental and health issues. 

• In addition, it is a relatively new research field (past three decades). This is usually an 

interest generating momentum for students as they get the feeling of involvement in 

current research 

Based partially on this approach, a global initiative that sets as a goal to make students as 

change agents in their local communities was created, namely the Design for Change 

movement. 

Design for Change (DFC) is a global movement whose aim is to offer children and young 

people the opportunity to put into practice their own ideas to change the world from their 

own environment by: 

• Learning by doing a Service to the community.  

• Investigating the causes of forest degradation is a learning activity. E.g. commitment to 

the reforestation applying the studied, is service-learning. 
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Design thinking, a solution-based and user-centered approach to tackling problems, allows 

students to become active learners who guide their own education. Since its founding in 

2009, DFC has worked to introduce design thinking in the education sector in a way that is 

accessible for children. DFC weaved students' own stories back into education by designing a 

year-long curriculum. Students begin to develop the design mindset while engaging in real-

world problems, in turn activating and developing skills and attitudes, such as a sense of 

well-being, problem-solving, and other 21st century skills. The curriculum is designed to be 

plugged into existing school calendars and enhance academic learning. In the learning-

service, the students identify in their immediate environment a situation with which they 

are committed, developing a solidarity project that brings knowledge, skills, attitudes and 

values into play. It is an educational practice in which boys and girls learn while acting on 

real needs in order to improve it. Some relative examples:  

• In the project “Adopt a River”, children and adolescents commit to protect a river stretch. 

In this way, they deepen their knowledge and apply them in their efforts to stop 

environmental degradation. 

• In the "Food Collection Campaign" project, adolescents improve their knowledge and 

attitudes about nutrition, hunger and inequity, designing and carrying out their own 

campaign in the neighborhood in collaboration with the Food Bank. 

 

The experiences address many of the Grand Societal Challenges, i.e. health, secure societies, 

clean energy, green transport, environment and other relevant issues. Examples: 

• High school students organize and conduct a blood donation campaign in the 

neighborhood, working with the Blood Bank. 

• Elementary students build clay nests to install them in strategic points of the city, so that 

the swallows can nest there again. 

• Young apprentices of painter, they are inspired in the artistic work of Joan Miró to return 

to the infantile schools of the neighborhood a looked and happy aspect. 

 

Every year, teams from around the world submit social change projects using the Design for 

Change framework. An Ambassador Team is selected to attend an all-expenses trip to the 

DFC Global Conference that brings together teams from across the world to share and 

celebrate their projects, and most importantly, inspire others. 

Description of the Model 

The DFC Model is guiding students to develop their projects following a four-step process: 

• Feel: Students identify problems in their classrooms, schools, and communities. Students 

observe problems and try to engage with those who are affected, discuss their thoughts 

in groups, and vote on an idea. 

• Imagine: Students envision and develop creative solutions that can be replicated easily, 

reach the maximum number of people, generate long-lasting change, and make a quick 

impact. 

• Do: Students develop a plan of action to effect change. This includes planning, 

implementing, and later recording the process. 
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• Share: Students submit their stories to DFC through text, photos, video, or slideshows 

and are encouraged to do so with other schools in the community and local media, as 

well. 

 

 
 

DFC curriculum has simplified design thinking principles for children. The framework of FEEL, 

IMAGINE, DO and SHARE builds empathy in children, for them to engage as active 

participants in their communities. It redefines failure as prototyping and gives them the 

confidence to be innovative and find creative solutions for problems that bother them. 

Children become change makers. Teachers are able to experience the capabilities of their 

own children as they listen to their voices and ideas. Feel gets children to empathize and 

engage with a problem, they imagine a solution and do the act of change. Through sharing 

their story, they inspire others. FIDS provides a structured curriculum to teach and assess 

key 21st century skills. 

Adapting DCP into GOSTEAM 

GOSTEAM is collecting and will offer numerous tools for the school communities. Apart from 

community building and support tools numerous content creation and content delivery tools 

will be available for students and teachers. The aim is to help them to become creators of 

educational activities which will reflect on the real educational needs of their classrooms as 

well as they are providing solutions to their local communities. The approaches used in the 

framework of DFC Initiative will act as references in the design of the students’ 

empowerment techniques that will be used for monitoring biodiversity loss and becoming 

aware of climate change. Teachers and students will be able to adopt existing content, 

enrich it with numerous resources and tools in order to provide integrated solutions to the 

local problems.  

The GOSTEAM team will adopt the DFC Model in guiding students to develop their projects. 

This includes the following four-step process (adopted from the DFC four-step process): 

• Feel: Students identify problems in their local communities. They can also select topics 
related to global challenges. Students observe problems and try to engage with those 
who are affected, discuss their thoughts in groups, and make a plan of action, based on 
scientific evidence. 

• Imagine: Students envision and develop creative solutions that can be replicated easily, 
reach the maximum number of people, generate long-lasting change, and make a quick 
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impact. They are coming in contact with external actors, they are looking for data to 
support their ideas and they are proposing a series of solutions. 

• Create: Students are implementing the project (taking into account the Responsible 
Research and Innovation related issues) and they are interacting with external 
stakeholders to communicate their findings. 

• Share: Students share their outcomes through posters, scientific papers, text, photos, 
video, or slideshows as members of the Dark Sky Rangers community. 
 

 

GOSTEAM will offer students the opportunity to develop their projects following a simple four 

step process (based on the DFC model). 

2.5 Engineering Design approach 

The engineering design process emphasizes open-ended problem solving and encourages 
students to learn from failure. This process nurtures students’ abilities to create innovative 
solutions to challenges in any subject.  

The engineering design process is a series of steps that guides engineering teams as we solve 
problems. The design process is iterative, meaning that we repeat the steps as many times 
as needed, making improvements along the way as we learn from failure and uncover new 
design possibilities to arrive at great solutions.  

The core idea of engineering design includes three component ideas [31, 32] :  
A. Defining and delimiting engineering problems involves stating the problem to be 
solved as clearly as possible in terms of criteria for success, and constraints or limits. 

B. Designing solutions to engineering problems begins with generating a number of different 
possible solutions, then evaluating potential solutions to see which ones best meet the 
criteria and constraints of the problem. 

C. Optimizing the design solution involves a process in which solutions are systematically 
tested and refined and the final design is improved by trading off less important features for 
those that are more important. 

This methodology will be embedded in schools that will participate in the GOSTEAM 

implementation (EA will design an educational scenario that combines coding and robotics 

or engineering). The designed activities that enhance coding and robotics skills will follow 

the proposed structure below (the time in indicative as it can vary based on each project): 

• Define: Explore, discuss, and build understanding of the problem (2 hours).  

• Deeper investigation about the problem (2 hours) 
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• Devise: Create a plan to solve the problem (1 hour) 

• Select the best possible solution (1.5 hours) 

• Code implementation or prototype co-creation (2 hours) 

• Solutions test and evaluation – Review and Revise (1 hour) 

• Communicate results (1 hour) 

 

2.6 Teachers Training & 21st Century skills 
 

Our proposed educational activities help students bolster their 21st Century Skills outside 

the classroom. Critical thinking, creativity, collaboration, and communication are attributes 

employers identify as most necessary for success in the modern workplace – particularly in 

the fast-paced, innovative fields of Science, Technology, Engineering & Mathematics (STEM). 

Based on the guidelines of the GOSTEAM educational scenarios and the implementation of 

them within formal and informal learning environments it is expected that the students will 

practice the following 21st century skills: 

• Develop critical thinking skills 

• Demonstrate collaboration, consensus building and cooperation 

• Apply skills in oral, visual and written presentation 

• Synthesize and communicate information 

• Demonstrate decision-making and problem-solving skills 

The GOSTEAM Pedagogical framework based on the previously described pedagogical 

approaches is depicted below: 

 

Moreover, within the framework of the project, teachers are going to be trained to improve 

their knowledge of digital technology and increase their confidence using digital tools in the 

classroom. Teachers should feel empowered to use digital tools.  
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Teachers with a good knowledge of digital technology are valuable as they can equip 

students with the skills needed in today’s world. Within the GOSTEAM Teachers training 

course the participating educators will  

• become more confident in incorporating 21st-century skills within their teaching 

goals; 

• be able to guide students in grasping the meaning and relevance of certain subjects 

(related to geo- ) at school; 

• learn to design lessons through methods to teach both contents and skills; 

• appreciate the differences between different teaching methods: inquiry-based 

learning, project-based learning, collaborative learning; 

• construct tailor-made activities for students using those methods, based on the 

specific learning goals of the subject. 

 

2.7 Green Comp Competence Framework 

 

Furthermore, the project will take into account the new GreenComp: The European 

Sustainability Competence Framework by Joint Research Council and will employ special 

tools that will  assess students’ green skills. According to GreenComp, the 12 competences 

they propose are organized into the four areas below: 

- Embodying sustainability values, including the competences 

• valuing sustainability 

• supporting fairness 

• promoting nature 

 

- Embracing complexity in sustainability, including the competences 

• systems thinking 

• critical thinking 

• problem framing 

 

- Envisioning sustainable futures, including the competences 

• futures literacy 

• adaptability 

• exploratory thinking 

 

- Acting for sustainability, including the competences 

• political agency 

• collective action 

• individual initiative                                                               

 

The different pedagogical methodologies (all under the Whole School Approach)  are 

expected to be implemented in schools through different educational activities: 

Inquiry-based Science Education (#1) in closely linked to the curricula and through these 

activities students are expected to grasp the phenomenological aspect of earth observation, 
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climate change, natural disaster, environmental challenges, spatial thinking and the 

problems connected to their existence.   

Design for Change Process (#2) is linked to the development and research in schools and 

tackles social, environmental and health issues connected to spatial data, geolocation earth 

monitoring. 

Engineering Design approach (#3) (enhancing coding and engineering skills in our case) is 

applied through the hands-on activities and allows students to set up the environment, 

define the project and perform an evaluation on the final outcome. 

Teaching with digital tools (#4) (enhancing 21st century skills) is realized through the 

teachers training course and their familiarization with modern digital tools. 

 

 

 

Finally, some of these approaches overlap and cover the same thematic areas related to 

various geo-topics. Thus, a specific topic can be approached by two different methodologies 

depending on the desired design and the availability of resources in each school. Indicative 

topics, shown in the image below include:  

• Ecological risk assessment and satellite observations (#1, #2, #3) 

• Mapping flooded area using radar satellite remote sensing (#2, #3) 

• Trilateration and the GPS (#1, #2) 

• Earth observation and satellite images (#3, #4) 

• working with digital elevation models (#2, #3) 

and many more. 
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3 Conclusion 
 

The report describes in detail the proposed pedagogical framework and the main 

pedagogical approaches behind it. The report describes how the proposed approach 

provides ways to analyze plan and respond, such as identifying and visualizing information, 

evaluating resources, and integrating knowledge and experience. It also includes a review of 

current trends (e.g. inquiry based teaching) in science education and communication.  

The report presents analytically the inquiry-based methodology that will be adopted for the 

design and development of the GOSTEAM educational scenarios and activities (IO3). 

Moreover, it introduces ways to promote geospatial thinking such as implementing 

interventions in teachers’ practice in order to help the adoption of geospatial thinking in the 

curricula; taking advantage of new technologies to make educational activities more 

interesting; strengthen the collaboration between teachers and science center educators to 

co-design activities with both informal and formal character. The promotion of spatial 

thinking will be performed with the implementation of the educational hands-on activities 

and its impact will be identified through a systematic validation approach (IO4). 
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