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Abstract 

This document analyzes the state-of-the-art in terms of European and international studies, 

initiatives, and research projects, for enhancing spatial and STEAM abilities of young people 

and sets guidelines and best practices for incorporating spatial thinking in STEAM education 

both in formal and informal settings. Special emphasis is placed on training the spatial 

abilities of girls in order to boost both their interest and performance in STEAM.  
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1. Introduction 

Spatial thinking has lately been acknowledged as an important ability both for sciences and 

everyday life. The report from the US National Research Council (2006) entitled "Learning to 

Think Spatially: GIS as a Support System in the K-12 Curriculum" underlined that without 

explicit attention to [spatial literacy], we cannot meet our responsibility for equipping the 

next generation of students for life and work in the 21st century.  

The report of the US NRC highlights the importance of spatial thinking in the educational 

systems and curriculla: [f]ostering spatial literacy can be achieved only by systemic 

educational reform (ibid.). On the other hand, geotechnology is recognized an emerging and 

evolving field that can lead to economic growth and employment positions. (Gewin, 2004). 

It remains a fact that spatial thinking has been supplanted in education for a long period of 

time by other forms of thinking (verbal, metaphorical, hypothetical, and mathematical). As 

already said: this distinct form of thinking is defined as a constructive synthesis of three 

components: (a) concepts of space, (b) tools of representation, and (c) processes of 

reasoning. These components are also helpful in understanding many other geo-referrenced 

phenomena. 

However, research has shown that these components of spatial thinking are not treated 

equivalently in education (Injeong & Witham, 2009). Furthermore, geospatial knowledge is 

usually static and independent from other kinds of knowledge. 

Therefore, there is a clear need for enhancing and integrating the three components of 

spatial thinking and engaging learners in inquiry-based teaching and learning methods.  

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

in the fields of Geographic Information Science and Technology, Cartography, and 

Environmental Science for shaping the next generation of geospatially and environmentally 

aware citizens. These fields deal with monitoring, measuring, analysing, 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. 
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1.1 Spatial thinking 

Several concepts are related to spatial thinking, such as spatial sense, spatial literacy, spatial 

abilities, spatial knowledge and spatial perception. Before we begin by providing definitions 

and interrelations among these concepts to clarify things, a necessary discussion on scale 

has to be made.  

Montello (1993) divides space into four classes to reflect the size of space relative to the 

human body and, and the cognitive process require to  understand spatial dimensions. This 

classification represents spatial scales and divides the three-dimensional space into:  

• Figural space; humans can understand it entirely without having to move  

• Vista space; includes the human body and its surrounding and can comprise a room 

or a town square 

• Environmental space; larger than the human body and for it to be perceptible needs 

human movement about it, comprises of buildings, neighborhoods, cities and, 

finally,  

• Geographical space; much larger of the human body, humans many not be able to 

understand even when they move in it. Thus, it may be perceived only through 

representations (maps, models, 3d terrains etc.).  

Which category of the above four spaces does GOSTEAM deal with? To answer this, it should 

be pointed out that the term "geospatial" refers to environmental and geographical scales 

according to the classification by Montello and it is used in the literature for representation 

and analysis of geographic phenomena (Golledge, Marsh, & Battersby, 2008a). Longley 

(2005) in (Ishikawa, 2013) adds that the term "spatial" refers to any space (regardless of 

scale), while the term "geographical" refers to the surface of the Earth. Goodchild in (ibid.) 

states that geographic and geospatial terms are essentially equivalent, but the first is mainly 

used to assign geographic context or properties to space. Geographers in the traditional 

curricula deal with the "geospatial" phenomena and refer to environmental and 

geographical space, GOSTEAM will focus mostly on these two scales of space but will also 

incorporate knowledge related to figural and vista space as well. 
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1.1 Definitions 

Spatial sense can be defined as an intuition about shapes and the relationships among 

shapes. Individuals with spatial sense have a feel for the geometric aspects of their 

surroundings and the shapes formed by objects in the environment (van de Walle, 2003). 

Space perception is defined as the perception of the properties and relationships of objects 

in space especially with respect to direction, size, distance, and orientation (Merriam - 

Webster Dictionary, 2014). 

Spatial ability, according to the Johns Hopkins University Center for Talented Youth (2013) is 

the ability to: 

• understand and remember the spatial relationships among objects 

• manipulate images in space 

• visualize how separate parts of complex physical systems interrelate  

Furthermore, spatial abilities include the following (Golledge, 1992): 

• thinking geometrically;  

• imaging complex spatial relations at various scales, from national urban systems to 

interior room designs or tabletop layouts;  

• recognizing spatial patterns in distributions of functions, places and interactions at 

a variety of different scales;  

• interpreting macro-spatial relations such as star patterns;  

• giving and comprehending directional and distance estimates as required by 

navigation, or the path integration and short-cutting procedures used in way finding;  

• understanding network structures used in planning, design and engineering; and 

• identifying key characteristics of location and association of phenomena in space. 

Spatial thinking uses the properties of space as a means of solving problems, finding answers 

and expressing solutions (National Research Council, 2006). According to the NRC, therefore, 

spatial thinking uses space for structuring problems, seeking answers, and formulating 

possible solutions associated with space in science, in the workplace and in everyday life. 

It also includes the ability to review and analyse space, which are essential to the "mental 

toolbox" of an educated citizen for spatial management and decision making. 

Spatial thinking is multifaceted in its operation; according to Booth & Thomas (2000) it 

includes cognitive skills related to map reading and making, processes involving 
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representation, scale, transformation, production and recall of symbolic (non-verbal) 

information recognition and understanding of spatial projections, coordinate systems, 

synthesis of geometric configurations, formulation of verbal instructions and on the other 

hand, navigation and orientation based on observation and instruments handling.  

Spatial thinking is structured through eight basic concepts: hierarchy, comparison, transition, 

analogy, aura, succession, regions, and connection (Intraub, 2004) and (Gersmehl & 

Gersmehl, 2007).  

• Hierarchy relates to the classification of the entities based on their size and may also 

appear in the form of nested hierarchy. An example of hierarchy is the different 

areas of a city (commercial zone, industrial zone, and residential zone) while the 

levels of education are examples of nested hierarchy.  

• Comparison is made between sites already known with new locations. The process 

of comparison is a structural process that leads to understanding. It ultimately helps 

the person to categorize concepts and then recall information or to construct new 

concepts based on the old ones.  

• Transition is a concept that expresses change (movement, slope, density).  

• Analogy refers to sites located in similar places on Earth and therefore they are 

likely to have similar characteristics.  

• Aura grows around a geographical entity and is in line with this. The understanding 

of the aura of each entity is crucial for the interpretation of space and human 

activities in decision making.  

• Succession is the identification of features or conditions in an area. Humans are able 

to recognize spatial patterns that are not characterized by randomness, but 

constructed with very specific structure.  

• Region is an area defined according to certain criteria. Regions have dynamic 

dimension in space and time and are management units for the study and 

development of different environments. For example, cities and states are defined 

by political criteria, climate and vegetation regions by physical criteria and 

developed and developing countries by economic criteria.  

• Connection refers to the dependency relationships that exist between humans and 

the environment.  

Finally, the distinction between knowledge of space and knowledge about spaces made by 

Eliot in trying to define what is spatial knowledge is significant - he suggests that knowledge 
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of space is phenomenal, knowledge about spaces is intellectual (Eliot, 2000). Piaget also 

argues that interaction in space, not perception of space is a fundamental building block for 

the acquisition of spatial knowledge in (Golledge & Stimson, 1997, p. 191). 

1.2 The importance of spatial thinking 

In the article “Early Education for Spatial Intelligence: Why, What, and How”, Newcombe 

and Frick (2010) highlight four main reasons why psychologists, educational researchers, and 

teachers should focus their efforts improving spatial thinking.  

1. Spatial intelligence has evolutionary and adaptive importance. Our sensory-motor 

ability as humans, also an evolutionary trait, is closely related to our ability to grasp 

and perceive with our senses the three-dimensional physical environment that 

surrounds us. Moreover, our ability to shape the environment (design and build 

cities, construct infrastructure to facilitate and secure our lives – dams, road 

networks, canals, tunnels and so) is reflected to how our spatial intelligence has 

evolved and adapted through the years of human presence on the Earth. 

2. Spatial thinking is complementary to verbal thinking; in fact, spatial ability, also 

called the Gv factor or visual processing, constitutes a second-order factor in Cattell–

Horn–Carroll (CHC) theory of human intelligence (McGrew, 2009), along with other 

15 abilities. Moreover, spatial intelligence is one of the types of intelligence 

proposed in multiple-intelligence theory (Gardner, 1983). 

3. Spatial thinking allows transferring reasoning to abstract or other domains, not 

necessarily spatial themselves and vice versa. Indeed, diagrams often use spatial 

metaphors to communicate information (e.g., difference in heights on a bar chart 

rank countries according their Gross Domestic Product) or depict relations, 

structures and patterns in data. Spatialization, the process during which, abstract 

information spaces are represented onto the physical space through spatial 

metaphors (Kuhn and Blummenthal, 1996), is also, a manifestation of the 

transferability of spatial properties and cognition to represent and communicate 

abstract domains. Even more “traditional” tools of visuospatial information 

communication such as maps, become more and more valuable tools in displaying 

abstract phenomena such as population density, the spreading of diseases, flood 

susceptibility and many more.  

4. Finally, spatial thinking applies to STEAM disciplines. For instance, many advocate 

that the discovery of the DNA structure, as a double helix, by Watson and Crick in 
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1953, is an outcome a spatial task of visualizing a 3d model of 2d pictures of the 

molecule. Another example is the way geoscientists have figured out the concept of 

Pangea from the current configuration and shapes of the Earth’s continents and 

formulated the theory of continental drift. In medicine, spatial thinking is extensively 

used by physicians looking at Magnetic Resonance Imaging to make their diagnoses 

or to determine outcomes of surgery. Finally, in the arts, choreographers and 

dancers, create rhythm, direction, and motion by controlling and shaping the three-

dimensional space around them.  

For GOSTEAM, point 4 justifies the focus of the project in fostering spatial thinking of 

adolescents since progress and performance in various STEM fields seems to be strongly 

linked to their spatial thinking abilities. It has been acknowledged that students who 

exhibit higher spatial skills in middle and high school are more likely to study a STEM 

discipline and to pursue STEM career (Shea, Lubinski,&Benbow, 2001; Wai, Lubinski, and 

Benbow, 2009). The following Section further analyses the strong connection of spatial 

thinking and STEM. 

1.3 Spatial thinking and STEM 

Lubinski characterized spatial ability as a "sleeping giant" for talent identification and 

development in STEM, since over 50 years of longitudinal research stresses the importance 

of spatial ability in learning, developing expertise, and acquiring advanced educational and 

professional credentials in STEM (Lubinski, 2010). Spatial thinking is acknowledged as an 

overlooked but critical component of students’ interest and success in STEM, since many 

scientific phenomena involve spatial problems such as comprehending graphs, 

understanding the phases of the moon and visualizing chemical structures (Gagnier & Fisher, 

2016).  

Research has also provided evidence for the relevance of spatial ability in specific STEM 

disciplines and sub-disciplines such as biology, chemistry, physics, mathematics, geometry, 

engineering, and design (Buckley et al., 2018). The importance of spatial skills extends 

beyond STEM to other domains such as the creative arts (Goldsmith et al., 2016; Humphreys 

et al., 1993) and social sciences and humanities (Goodchild & Janelle, 2010). Besides the 

selection of relevant education and career, research has also highlighted other dimensions 

of this relation. Goldsmith et al. (2016) have demonstrated an overlap in visual-spatial 

thinking between geometry and art which further suggests educational implications for 



 

Cross-cutting geospatial and environmental STEAM instruments for the new generation 
Project Number - 2020-1-SE01-KA201-077972 

supporting geometry learning for students with lower performance in mathematics through 

the visual arts.  

Research has focused on several aspects that characterize the association between spatial 

skills and success in STEM. The major and most promising research findings for educational 

systems are the following (Gagnier & Fisher, 2016):  

• Students spatial skills predict future success in STEM 

• Intentional training can improve spatial thinking.  

• The improvement of students’ spatial skills has positive educational effects on STEM 

(Buckley et al., 2018; Gagnier & Fisher, 2016).  

More specifically, research results stress the rewarding effects of developing geospatial skills 

in increasing the participation in STEM disciplines, lacking of which acts as a barrier for 

students leading them to dropout (Uttal & Cohen, 2012). Moreover, spatial thinking is a vital 

talent for achieving STEM innovation, however due to being neglected by educational 

systems it has been missed (National Science Foundation, 2010) and in Wai et al. (2009)  

Research has focused on several aspects that characterize the association between spatial 

skills and success in STEM. The major and most promising research findings for educational 

systems are the following (Gagnier & Fisher, 2016):  

• Students spatial skills predict future success in STEM 

• Intentional training can improve spatial thinking.  

• The improvement of students’ spatial skills has positive educational effects on STEM 

(Buckley et al., 2018; Gagnier & Fisher, 2016).  

In fact, research has shown improvement of spatial abilities with relatively brief 

interventions, as well as transfer effects to novel and unfamiliar spatial tasks and persistence 

of results across time (Reilly et al., 2017).  

Evidence shows that the effects of spatial interventions affect not only the specific spatial 

task for which subjects received training but generalize to other spatial tasks (Baenninger & 

Newcombe, 1989). Furthermore, the intensity of training matters in that multiple sessions 

over several weeks were more beneficial than brief or single session interventions (ibid).  

A recent meta-analysis (Uttal, Meadow, et al., 2013) considering a wide range of spatial 

training interventions, from explicit instruction and courses to playing video games and 
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practicing spatial tasks showed that spatial training interventions were very beneficial also 

for both genders as well as for both adults and adolescents. The analysis also did not find 

any difference in the type of intervention used. Furthermore, the meta-analysis also studied 

the durability of such interventions by taking into account both studies that test subjects 

right after the training intervention as well as others that include a delay of a few weeks to 

several months before testing the subjects. Evidence was found that the effects of training 

interventions last over time.   

1.4 The gender gap 

In spite of the rising number of girls and women participating and succeeding in STEM fields, 

a gender gap is still observed. It becomes evident from childhood, through adolescence and 

adulthood where it is quite large and manifests itself in the number of women in science and 

engineering workforce, and the proportion of university graduation degrees in relation to 

men.  

Interventions regarding spatial skills have been proposed as a solution to reduce the STEM 

gender gap (Liben, 2015). The importance of spatial abilities for reducing the gender gap in 

STEM education lies on the fact that even a small increase in spatial ability may have 

multiplying effects in girls performance in science and mathematics (Hyde & Lindberg, 2014). 

Therefore, the cultivation of spatial skills through the curriculum is considered important for 

increasing the number of students able to pursue a career in STEM (Uttal, Miller, et al., 

2013).  Researchers also recommend that spatial training should begin early in education 

before the gender gap becomes wider (Newcombe & Frick, 2010).  

Gender differences are also an issue for spatial abilities. Although researchers agree that 

there is individual variability, males get on average higher scores than females in visual-

spatial ability and rate themselves higher in spatial competency.  

Gender differences in spatial abilities are a rather controversial topic. The controversy 

pertains to the magnitude of gender differences, their origins, and whether they diminish 

over the decades (Reilly et al., 2017). Gender differences seem to appear in primary school, 

but the gender gap seems to widen around puberty and even further through adulthood 

(ibid.). Researchers have examined the role of biological and hormonal changes that appear 

during that developmental periods; however the evidence seems to point to social and 

cultural factors (Reilly et al., 2017), such as increased gender conformity, gender 
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stereotypes, and differentiation in play and leisure which are considered important to 

cultivate spatial skills (Baenninger & Newcombe, 1989).   

A significant first step for narrowing the gender gap is recognizing that spatial ability is not 

fixed but it can be improved with targeted interventions. A suitable approach is to integrate 

the cultivation of spatial skills within the existing STEM curriculum and also through play and 

leisure activities (Reilly et al., 2017). For example, multimedia and electronic textbooks offer 

possibilities for presenting complex scientific phenomena through interactive and dynamic 

data visualizations, whereas sports and games such as jigsaw puzzles, origami, mazes, and 

construction blocks provide plenty of opportunities for spatial development.   

2. Spatial thinking and GOSTEAM educational approaches 

2.1 Discovery-based learning and science education 

Jerome Bruner has been an influential psychologist during the curriculum reform projects of 

the 1960s and has published The Process of Education (Bruner, 1960), in which he 

introduced the theory of discovery-based learning. 

Bruner views learners as being active in the process of learning, continually structuring and 

restructuring their environment. He believes that people selectively perceive certain aspects 

of their environment, represent those perceptions internally, and then act on those internal 

representations (Jerome Bruner's Theory, 2006). According to Bruner’s theory a child 

progressively develops three modes of representation: enactive (action-based), iconic 

(image-based), and symbolic (language-based).  

Since Bruner views learning as an active, involved process, in his approach, learners are 

presented with a problem and some evidence; they must seek to reconcile that information 

and “discover” the solution to the problem. Another pillar of Bruner’s theory lays in the 

structure of knowledge itself. Bruner believes that when the basic structure of a subject 

(consisting of the ideas, concepts, principles, and their relationships) is emphasized, the 

learners will be more able to improve their intuitive thinking.2.2 Contextualized learning and 

informal learning settings 

The contextual learning model as introduced by Falk & Dierking (2000) suggests that three 

overlapping contexts, the Personal, the Socio-cultural, and the Physical, interact to shape the 

experiences students have when visiting informal learning settings. 
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The Personal Context describes personal characteristics of a student’s involved in an 

informal learning situation including interests and motivations, learning style preferences, 

prior knowledge and experience. However, learners do not engage alone and the Socio-

cultural Context encompasses factors that recognize that learning is both an individual and a 

group experience. Moreover, informal learning takes place in physical environments, with 

real-world objects that help to meaningfully contextualize the presented concepts/ideas. 

Following the Contextual Model of learning, the approach of the GOSTEAM project is to 

integrate spatial content and the student’s personal, socio-cultural and physical contexts in 

informal educational settings.  

2.3 Crosscutting concepts in science education 

Crosscutting concepts constitute one of the three dimensions around which the Framework 

for K–12 Science Education is built; the other two being science and engineering practices, 

and core ideas of major natural science fields (NRC, 2013). These concepts are considered as 

the “glue” that can unify the study of natural sciences. In the context, of this Framework, 

seven crosscutting concepts are included: 

1. Patterns 

2. Cause and effect 

3. Scale, proportion, and quantity 

4. Systems and system model 

5. Energy and matter 

6. Structure and function 

7. Stability and change 

Many of these concepts have an omnipresence in the three-dimensional space, and thus 

can be considered as pertaining to spatial thinking as well. For instance, who can deny the 

existence of patterns in the distribution of the most populated cities worldwide? Or is it 

possible to talk about natural hazards and not refer to scale, proportion, or magnitude? 

Another cornerstone of the reality of geographic realms is that they are composed of 

different systems, with different structures and functions each, and are ruled by unique 

system models. Moreover, at times geographic realms present a certain kind of stability, 

while most of the times they are in constant change and this change can be the cause of 

different transformative effects on systems, structures, functions, quantities, and so on. 
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Finally, all events occurring in space, need energy in order to transpire that may lead to a 

change in matter (like snow melting to water in the Spring). 

In this context, spatial thinking can represent a crosscutting ability itself for the study of 

the natural sciences since the three-dimensional space can serve as the scope where 

students observe, identify, and understand the crosscutting concepts presented above in 

an interconnected and interdisciplinary way. 

2.4 Phenomenon-based learning; the answer to a sustainable future? 

In 2016, a major reform occurred in the education system of Finland. While Finland exhibits 

one of the top ranked education systems in the world according to OECD’s Programme for 

International Student Assessment (PISA), an international study that assesses the 

competences of 15-year-olds in reading, math and science, Finnish educational policy 

makers have decided to undertake major reforms to the country’s core curriculum for pre-

primary and basic education. The reason behind this practice is “that the world is changing 

around the school” (Halinen 2014, in Symeonidis and Schwarz, J., 2016). In this context, this 

reform would introduce new approaches of teaching and learning as well enhance skills for 

sustainable future of Finnish youth and citizens.  

At the core of this reform is the phenomenon-based learning which is an interdisciplinary 

teaching and learning approach. Students in Finland engage in this process by working with a 

group of teachers across curriculum to undertake projects related to real phenomena. No 

subjects have been abolished from the traditional curriculum and students undertake this 

endeavour of “phenomenon-based projects” on a yearly basis at especially designated study 

periods. 

Examples of phenomena are topics such as climate change, the European Union, poverty, 

natural resources, energy, globalization, social media etc. A phenomenon is thus seen as, 

according to Silander in ibid): 

• An authentic object of observation. 

• A systemic framework for the things to be learned (systemic model). 

• A metaphorical framework for the things to be learned (analogous model). 

• A motivating “base” for attaching the things to be learned. 

Phenomenon-based learning seems appealing in that it can enable spatial thinking as a 

crucial player of the approach since phenomena have always a strong spatial component; 
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they happen in places and extend over them, they may alter or affect them, they interact 

with other places and the phenomena happening in them, they come in different scales, 

they change over time, they appear/happen in periodicities etc.   

Along with advantages come disadvantages or downsides such as the lack of learning goals, 

the lack of formal assessment and formal structure. However, the interdisciplinarity of the 

approach, the fact that students come in contact with real-life phenomena of interest, can 

raise their global and environmental awareness and foster their spatial skills given the strong 

geospatial context of phenomena at global, regional and local scales. 

2.5 21st century skills  

A framework (Framework for 21st Century Learning, 2014) more than a theory, which 

describes the skills, knowledge and expertise students must master to succeed in work and 

life; it is a blend of content knowledge, specific skills, expertise and literacies. The framework 

consists of the following axes:  

• Core Subjects and 21st Century Themes; they are essential to student success. They 

include English, reading or language arts, world languages, arts, mathematics, 

economics, science, geography, history, government and civics. In addition, schools 

must promote an understanding of academic content at much higher levels by 

incorporating 21st century interdisciplinary themes into core subjects, such as: 

Global Awareness, Financial, Economic, Business and Entrepreneurial Literacy, Civic 

Literacy, Health Literacy and Environmental Literacy. 

• Learning and Innovation Skills; they separate students who are prepared for 

increasingly complex life and work environments and those who are not. They 

include: Creativity and Innovation, Critical Thinking and Problem Solving, and 

Communication and Collaboration. 

• Information, Media and Technology Skills; we live in a technology and media-driven 

environment, rapid changes in technology tools. Therefore, successful citizens and 

workers must be able to exhibit functional and critical thinking skills, such as: 

Information Literacy, Media Literacy, and ICT (Information, Communications and 

Technology) Literacy. 

• Life and Career Skills; the ability to navigate the complex life and work 

environments in the competitive information age requires students to develop life 

and career skills, such as: Flexibility and Adaptability, Initiative and Self-Direction, 
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Social and Cross-Cultural Skills, Productivity and Accountability, and Leadership and 

Responsibility. 

3. Spatial thinking initiatives in educational systems 

From discussion in previous sections, the necessity for developing spatial thinking in 

educational contexts has become more than evident. To support spatial thinking in the 

classroom, however, it should be incorporated into the general education system including 

educational practices, curricula, teaching support materials, and assessments (Kavouras et 

al, 2016).  

As the importance and amplitude of spatial thinking in various scientific and everyday tasks 

has been acknowledged, several efforts are currently made towards its effective 

development (ibid.).  

Most prominent course in the curriculum to address students’ spatial thinking skills is the 

course of Geography, although this perspective only deals with one aspect of spatial thinking 

and does not favour interdisciplinarity or the transversal character of spatial abilities in 

STEAM disciplines. Nonetheless, Geography would be the starting point to look for insights 

on dealing with and enhancing students’ spatial thinking and skills. 

3.1 Spiral curriculum approaches in Geography and GIS education 

The idea of spiral curriculum as introduced by Jerome Bruner1 has been adopted by various 

countries in their formal curricula. For is the Spiral Curriculum (Figure 1), Bruner states: “We 

begin with the hypothesis that any subject can be taught in some intellectually honest form 

to any child at any stage of development”. In other words, even the most complex material, 

if properly structured and presented, can be understood by very young children, therefore, 

the spiral curriculum “as it develops should revisit this basic idea repeatedly, building upon 

them until the student has grasped the full formal apparatus that goes with them” (Jerome 

Bruner's Theory, 2006). 

                                                             
1 Jerome Bruner, American Psychologist (1915-2016). He is the author of the book The Process of 
Education (1960), which marked educational thinking in the US and worldwide. In the center of 
Bruner’s theory of education are representational capacities and he suggested that “ideas should be 
communicated to students using actions, icons or symbols, in that order, and depending on their age” 
(Greenfield, 2016) 
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Figure 1. The spiral curriculum concept 

 

In what follows, some examples of such an approach in geography and GIS education are 

presented for different levels of formal education. 

• Regarding primary education, in Ireland, the Geography - Social, Environmental and 

Scientific Education Curriculum (National Council for Curriculum and Assessment, 

1999) follows the spiral structure. The content of the geography curriculum, for 

primary education, is presented in three strands: a) Human environments, b) Natural 

environments, and c) Environmental awareness and care, and it aims at developing 

the following skills for the Irish pupils: a) a sense of space and place, b) maps, globes 

and graphical skills, and c) Geographical investigation skills. The curriculum uses the 

spiral approach; topics can be explored in escalating detail at a number of levels. 

• In secondary education, the geography curriculum in Turkey introduced in 2009 has 

six learning areas which are constructed in spiral ways to cover grades 9 to 12: 1) 

geographic skills and applications, 2) natural systems, 3) human systems, 4) a spatial 

synthesis: Turkey, 5) global environment: regions and countries, and 6) environment 

and society, (Boz, 2012). The same structure holds for the UK Geography 

Programmes of Study - key stages 1, 2 and 3 (National Curriculum in England, 2013) 

where the four key thematic areas of: a) locational knowledge, b) place knowledge, 

c) human and physical geography, and d) geographical skills and field work are given 

continuity and progression in a spiral way.   

• In the same line of practice, the Ontario Curriculum Grades 9 and 10 Canadian and 

world studies developed by the Ontario Ministry of Education(2018), states that it 

“shares a common vision with the Grade 1 to 8 social studies, history, and geography 

curriculum”. Grades 9-12 correspond to what in Europe stands for upper secondary 
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education, while grades 1-6 correspond to the European primary education, and 

grades 7 – 8 to the first two years European high school education; ages 12-14. For 

Geography, grade 9 (ages 15-16) is considered critical for the Canadian curriculum, 

since it is highlighted that “in grade 9 geography courses, students will develop their 

ability to apply both the geographic inquiry process and the concepts of geographic 

thinking. These courses enhance students’ ability to act as responsible global citizens 

and environmental stewards. Students will develop their spatial skills as they analyse 

information and data obtained from diverse sources, including field studies, aerial 

photographs, satellite imaging, various types of maps and graphs, geographic 

information systems (GIS), and digital representations. The study of geography in 

Grade 9 builds on the knowledge, attitudes, and skills, including thinking skills, 

developed in geography in Grades 7 and 8 and enables students to move on to the 

further study of geography in Grades 11 and 12”. Thus, the spiral concept is adopted 

especially referring to knowledge acquired during the two grades before which in 

grade 9 is enhanced and further applied and expanded in the following grades. 

Special mention is made herein to the Canadian Curriculum because it makes 

reference to “spatial skills”. Spatial skills constitute in fact one of the six “tools and 

strategies” that help achieve the vision of the curriculum. The document explains 

that spatial skills while taught directly in Geography courses, they are used in all 

other courses of the Canadian and world studies curriculum; history and civics 

(politics, economics, and law). Spatial skills as defined in the Ontario curriculum are 

only focused on the use of maps and other graphic/visual tools to visualize and make 

meaning of spatial data and do nor encapsulate the whole range of spatial skills and 

spatial thinking. However, this special reference to spatial skills in the curriculum 

document and the assertion that spatial skills are used in all other courses of the 

social studies strand, highlights spatial thinking and skills significance for social 

sciences and humanities (Goodchild & Janelle, 2010). Another interesting element of 

the curriculum is that “inquiry process” is also recognized as one of the six “tools 

and strategies” enabling the accomplishment of the curriculum’s vision. This process 

of acquiring knowledge develops students’ critical thinking, problem solving skills 

and their ability to make judgements and communicate their ideas. 

• Finally, in higher education, the idea of unified spiral curriculum is proposed by 

Foote (2011) as a means to accommodate GIS higher education needs but he 
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recognizes the difficulty in such endeavor since universities have distinct rather than 

homogenized curricula.  

3.2 Geospatial concepts and educational needs 

Golledge et al. (2008a) and (2008b) have proposed a geospatial task ontology as an effort to 

match geospatial concepts with geographic educational needs; the ontology consists of 45 

geospatial concepts organized in five categories, from basic concepts called primitives to 

complex ones, which are 4th order derivatives (Table 1, original concepts in black). Karl 

Grossner (2008) 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 (Table 1, additional concepts in red), to accommodate the 

complexity and diversity of the geospatial domain. 

I Primitives II Simple  
(1st Order 

Derivatives) 

III Difficult  
(2nd Order 
Derivatives) 

IV Complicated  
(3rd Order 

Derivatives) 

V Complex  
(4th Order 

Derivatives) 
Identity Area (math) Adjacency/ 

Contiguity 
Buffer Activity Space 

Location Arrangement/ 
Placement 

Alignment Chirality Areal Association 

Magnitude Behavior Analogy Chaos Central Space 
Space-Time Class/ Group/ 

Category 
Angle Connectivity Distance Decay 

 Closeness/ 
Nearness 

Area  Corridor Distortion/ 
Deformation 

 Connection Center/ Centre Dissolve Enclave 
 Density Centrality Gradient/ Slope Great Circle 
 Direction/ 

Orientation 
Centroid Heterogeneity/ 

Diversity 
Interpolation 

 Distance Change Hierarchy Projection 
 Distribution Classification/ 

Categorization 
Map  Social Area 

 Duration/ 
Continuance 

Cluster/ Bunch/ 
Clump 

Mean Areal Center Spatial 
Aggregation 

 Edge/ Boundary/ 
Border/ Bound 

Coordinate Navigation  Spatial 
Association 

 Existence Dimension Network Spatial 
Autocorrelation 

 Farness/ 
Remoteness 

Enclosure Overlay Spatial 
Dependency 

 Frequency Grid Profile Spatial Sampling 
 Length Growth Representation Subjective Space 
 Line Isolated Scale Virtual Reality 
 Link/ Nexus Isotropic/ 

Anisotropic 
Shortest or Least 
cost Path/ Time 

 

 Numerosity Linkage Surface  
 Order/ Ordination Linked Topology  
 Perimeter/ Motion/ Movement   
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Circumference 
 Proximity/ 

Propinquity 
Neighborhood/ 

Vicinity 
  

 Sequence Pattern   
 Shape Polygon   
 Situation/ Site Reference Frame   
 Size/ Quantity Region/ Zone   
  Rotation   
  Spread/ Diffusion/ 

Dispersion  
  

  Symbolization   

Table 1 Golledge initial and revised list of geospatial concepts 

Based on the above, a child should first understand the simple spatial concepts before 

proceeding to more complex concepts, because complex concepts result from the 

combination of several simpler concepts. For example, to learn the meaning of “buffer”, the 

child should have understood the concepts of “shape”, “distance” and “proximity”, while the 

concept of the “network” requires the concepts of “location”, “line”, “angle” and 

“connectivity”. 

For every level of complexity, they have also proposed several tasks (Table 2 gives examples 

of a task for a concept in each level of complexity) that would help children to better 

understand the concepts of each level – applies to the initial concepts.  

  Tasks 
Primitive 

Identity 
Identifying educational functions (school, middle 
school, high school, college) 

Simple 
Concept Direction understanding relative direction (e.g., pointing; using 

clock face directions; cardinal directions) 
Difficult 
Concept Reference Frame 

recognizing or constructing a reference frame for 
determining distance and direction (e.g., walls of a 
room; grid cells; latitude and longitude) 

Complicated 
Concept Representation 

comprehending effects that altering the ratio between 
real and abstract renderings changes spatial relations, 
such as clustering or dispersal 

Complex 
Concept 

Great Circle comprehending spherical as opposed to flat 
representational distances, as in great circle distances 

Table 2. Examples of tasks associated to geospatial concepts at each level of complexity (adapted 
from Golledge et al., 2008a) 
 

The results of several studies and experiments by Golledge et al. (2008a) have shown that 

the ontology can be used as a reference frame for the development of the Geography 

curriculum and they have also formulated a matrix (Figure 2) that relates geospatial 

concepts with the education level (K-12 ). 
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Figure 2. Connection of geospatial concepts to education levels from (Golledge, Marsh, & Battersby, 
2008a) 

It can be deduced, from this matrix, that concepts of the same level of complexity in the 

Golledge ontology cannot be grasped by children at the same time. For instance, the difficult 

concepts “boundary”, “connection” and ”distribution”, although classified all as belonging to 

the same level,  they are not understood at the same time; the first two are understood at 

the age of 7-8 years, while the latter term in the age of 8-9 years. 

Something similar happens with the concepts “pattern”, “reference frame”, “coordinate/ 

grid” and “zone” as the first three concepts are best understood at the age of 8-9 years, 

while the last term at the age of 9-10 years, although classified under the same level of 

complexity.  

Regarding the concepts “map”, “gradient/slope”, “scale”, “surface”, “hierarchy” and 

“overlay” although all under the complicated level, children seem to best understand the 

first at the age of 10-11 years, the next two at the age of 11-12 years, concept “surface” at 

12-13 years and the last two at the age of 14-15. Last in the list of concepts is “spatial 

association” which is understood best during 16-18 years of age. This is somewhat expected 

since it is a complicated concept (4th order derivative) but seems somehow peculiar since 

spatial association is also known as the first law of Geography as stated by Tobler (1970): 

everything is usually related to all else but those which are near to each other are more 

related when compared to those that are further away”. 
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As an overall conclusion, one could say that contrary to simple and difficult level concepts 

(1st and 2nd order derivatives) which become all best understood by the age of 10 and need 

less time to become so, complicated and complex level concepts (3rd and 4th order 

derivatives) need more time to become fully understood and they all do so from the age of 

10. What is important to bear in mind is that spatial knowledge can be acquired by humans 

from the early stages of their education. In the beginning, the child is exposed to geospatial 

primitives and gradually progresses into more complex concepts along the way.  

While the revised list, which contains 126 concepts, is more detailed than the initial one, it 

includes concepts that somehow overlap such as: “closeness/ nearness”, “farness/ 

remoteness” and “proximity/ propinquity” all being categorized as 1st order derivatives; all 

are defined as properties  relative to “distance”. Also, the cases of “connection” and “link/ 

nexus” , belonging to 1st order derivatives, of “linked”, and “linkage” , belonging to 2nd 

order derivatives, and of “connectivity” , a 3rd order derivative present difficulty in justifying 

the inclusion of all these strongly related terms in the list. It would seem more logical to 

include only “connection” as a 1st order derivative and everything else is logically entailed –

and taught/ learnt- as one progresses. 

3.3 Spatial concepts and vocabularies in formal education 

Since the importance of spatial thinking in various scientific and everyday tasks has been 

acknowledged, several efforts are currently made towards its effective development in 

formal education as part of the official curricula. 

3.3.1 TeachSpatial 

TeachSpatial (2011) is an environment developed by the US National Science Digital Library 

(NSDL) for browsing several hundreds of teaching and learning resources annotated with 

spatial concept terms. As its creators state, TeachSpatial is a prototype and a work-in-

progress. The overall objective is to aid in the development of explicit spatial learning 

objectives from a multi- or cross-disciplinary perspective. At this stage the initiative has 

succeeded in: 

• Indexing a few hundred teaching resources to a set U.S. science content standards 

that include 150 from three topic areas B – Physical Science, C – Life Science, and D – 

Earth and Space Science, grouped in 10 categories; spatial structures, spatial 

properties, spatial principles, spatial relations, space-time context, position, spatial 

dynamics, spatial interaction, spatial transformations, and representation. For each 
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concept of the TeachSpatial set, a list of teaching and learning resources 

accompanies it (Figure 3). 

• Listing links and reference publications relevant to spatial cognition, spatial learning 

and teaching, and spatial literacy generally. 

• Putting in place collaborative tools to allow the community of interest to share their 

viewpoints and experience. 

 

Figure 3. Excerpt of the list of resources accompanying concept “zone”, 
http://teachspatial.org/resources-zone/  

The effort has been motivated by two research questions of particular interest to 

undergraduate instruction (as formulated on the website): 

• “What are the spatial learning objectives that would structure a prospective 

undergraduate course in spatial thinking? Or, alternately, 

• What spatial knowledge and spatial thinking skills should college instructors expect 

incoming students to have proficiency with?” 

Subsequently, the goal of the project is to assist those who will design a course or curriculum 

on spatial thinking by providing: 

• A way to easily browse existing science teaching standards and see the spatiality 

within them, 

• A way to easily locate existing digital teaching resources from around the web that 

concern the spatial concepts and principles found in those teaching standards. 

http://teachspatial.org/resources-zone/
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It is made clear from the description of the initiative that it concerns university professors 

who wish to prepare a course for their undergraduate students and also works as an 

assessment tool for them to figure out the level of spatial knowledge the first-year alumni 

have. 

As a comment, not all concepts of the TeachSpatial repository are spatial in nature. For 

instance, “atom”, “cell”, “molecule”, and “nucleus” have by all means a certain spatial 

structure but hardly anyone would argue that they actually are spatial structures as to 

belong in this category. 

3.3.2 Schools Online Thesaurus - ScOT 

The website Schools Online Thesaurus – ScOT (2014) provides a controlled vocabulary that is 

used in schools in Australia and New Zealand; it includes all the terms (concepts and topics) 

of various thematic areas, as described by the formal curricula of these countries.  

The terms (concepts) contained in this thesaurus, are structured hierarchically, so that they 

reflect the relationships between them. When the user of ScOT searches for a term, they are 

given the concept and its alternative names, the immediate super concept (Broader Concept 

– BC, in ScOT terminology), its sub concepts (Narrower Concepts – NC), related to it concepts 

and when it was last modified (Figures 4a and b).  

 

Figure 4a and b .The concept of “maps” as returned (and defined) by ScOT in tabular (left) and in 
visual form (right), http://vocabulary.curriculum.edu.au/scot/1877.html  

http://vocabulary.curriculum.edu.au/scot/1877.html
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For example, “longitude” is a sub-concept (NC in ScOT terminology) of “coordinates’, which 

in turn is a NC of “geographic location”, which is a NC of the topic “Earth and Space”, 

included itself in the knowledge area of “Science”; while it is a super-concept (in ScOT 

terminology; BC) of “meridians” Therefore, the hierarchical relationship between “Science” 

and “longitude” holds as in Figure 5. 

 

Figure 5. Schematic display of the hierarchy structure between the concept of “longitude” and its BCs 
and NCs 

For some concepts there exists a structure of multiple inheritance; they are NCs of more 

than one BC, which actually means that they belong to more than one topic of the 

curriculum. For instance, “coordinates” has BC not only “geographic location” but also 

“location” which in turn is the NC of “Geometry” which belongs to the knowledge area 

“Mathematics” (Figure 6). 
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Figure 6. The complete schematic representation of “coordinates” in the ScOT thesaurus 

The thesaurus contains over 10,000 concepts, of which only a small part has spatial 

dimension. It is worth noting that the majority of these “spatial” concepts are part of the 

vocabulary of two out of ten Knowledge areas; “Mathematics” and “Science”, as expected 

(such a case presented in Figure 6 and discussed in the previous paragraph), which provides 

another proof of the close relation between spatial thinking and STEM disciplines. To a lesser 

extent spatial concepts can be found in other Knowledge areas such as “Arts”, “Society” and 

“Technologies”.  

It is important to point out that the topic “Earth and Space”, NT of “Science”, which is the 

most related to geospatial thinking, has as NTs, the concepts “Geographic location”, 

“Landforms”, “Atmosphere”, “Earth structure”, and “Universe”. 

Finally, another interested element of ScOT is the tool Curriculum Connect; the functionality 

displays Australian Curriculum Content descriptions associated with the ScOT concepts 

and/or concepts linked via the ScOT hierarchy. The tool supports linking between ScOT tags 

and curriculum (Figure 7).  
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Figure 7. The results of connecting the concept “maps” to the curriculum up to only three levels in the 
hierarchy; there is the possibility of up to 14 (all levels of the ScOT hierarchy), 
http://vocabulary.curriculum.edu.au/scot/1877.html. The Figure reveals that “maps” are connected 
to Mathematics and English, as well as Geography as anticipated. 

3.4 Spatial Thinking and Formal Curricula – GOSTEAM Countries 

3.4.1 The Swedish Curriculum 

In 2011, in Sweden a new curriculum was set out for public education (primary, lower and 

upper secondary). In the new curriculum, a list of abilities that students should acquire from 

being taught curriculum subjects is formulated. For the subject of Geography, the new 

Swedish Curriculum states the following four students’ abilities:  

1. analyse how natural environment and human activities shape and change Earth’s 

living environments; 

2. explore and analyse human, social and environmental interactions;  

3. analyse the world using maps, tools, techniques, theories and methods; 

4. assess solutions to environmental and developmental issues following the principles 

of sustainability and ethics (Swedish National Agency for Education, 2011 in 

Örbring, 2017). 

http://vocabulary.curriculum.edu.au/scot/1877.html
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This list is implicitly related to what is defined by Jackson (2006) as thinking geographically, 

especially in relation to four concepts: (1) space and place, (2) scale and connection, (3) 

proximity and distance, and (4) relational thinking as argued by Örbring (ibid.). He goes 

further into exploring how the abilities acquired by students in the subject of geography are 

linked to spatial thinking as well and he states that this connection is also implicit and he 

highlights the role of the teachers and their abilities for recognizing the importance of 

geographical and spatial thinking to teaching and learning process. He concludes by stressing 

that both geographical and spatial thinking must be stated explicitly in the curriculum so 

that Swedish teachers deal with the challenge of educating spatially and environmentally-

aware citizens.  

3.4.2 The Hellenic Curriculum 

In Greece, no special mention to spatial thinking is made explicitly in the curriculum and 

thus, no connection of spatial thinking to STEAM disciplines or how spatial thinking could be 

enhanced through the teaching of STEAM. The official curriculum for the course of 

Geography for all levels of school education (Primary and Secondary), follows the spiral 

structure detailed in section 3.1, where the themes taught are repeated as the students 

evolve but with more detail and increasing complexity from one level to the next.  

A difference of the Hellenic Curriculum is that it includes Geography in the Natural Sciences 

(IEP, 2003) and not the Social Sciences as most curricula in Europe and beyond do. The 

interesting finding in the Hellenic Geography Curriculum is that we can implicitly recognize 

notions and concepts of both spatial and geospatial thinking especially in the four first 

classes of Primary School (6-10 years old students) during which Geography is not taught as 

a separate subject. The Curriculum indicates the spatial skills and concepts that students of 

this age range must acquire and which are considered essential for their subsequent 

development and performance in the course of Geography. These spatial notions include: 

orientation, position and location, scale, frames of reference, spatial change and spatial 

distribution etc., taught and explained from as early as 1st grade (age 6) onwards. In the first 

two grades, we can say, that most of the above-mentioned concepts are taught and 

presented in figural and vista spaces, and as the student progresses, these notions cover the 

other two spaces as well (see Section 1, on Montello’s discussion on scales and spaces). In 

grades 3 and 4 of the Primary School (ages 8-9), the Curriculum includes a Course entitled 

Study of the Environment which is included in the Social Sciences strand of the Curriculum 

and it consists mainly of geospatial concepts (environmental and geographical spaces) and 
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then in grades 5 and 6 (ages 11-12), Geography is taught as a separate Course. Finally, 

Geography is also taught in the first two grades of the secondary school (ages 13-14), 

including also topics from Geology and Astronomy. 

3.4.3 The Austrian Curriculum 

Special mention to spatial thinking cannot be found in the Austrian Curriculum either. 

Geography is not taught independently; the Curriculum subject is “Geography and 

Economics” compulsory for the four years of General Secondary School (Mittelshule); ages 

10-14. The spiral curriculum concept is present in this case as well (Curić et al., 2007). The 

combination of economic aspects to geography stresses the interdisciplinary character of 

geographical thinking but it also shifts the focus from spatial thinking to development with 

financial terms.  

3.4.4 The Italian Curriculum 

Spatial thinking as a term and as an ability is not explicitly mentioned in the Italian 

Curriculum either. In the beginning of the 21st century 2007 the Italian Ministry of Education 

formulated the updated “Guidelines for the Curriculum” that mark the shift of Italian 

education to student-centered rather than teacher-centered (Vecchis, et al.,2011). The 

Guidelines stress the importance of Geography as a discipline and taught course by stating 

that: “Doing geography at school means producing citizens of the world who are aware, 

independent, responsible and critical, who know how to live within their environment and 

how to make creative and sustainable changes to it, with an eye to the future” (Ministero 

della Pubblica Istruzione, 2007, p. 87 in ibid). Another significant aspect of the Italian 

Geography Curriculum is that it contains two important topics (among others): topic maps 

and geographic language. They involve students’ activities such as reading and interpreting 

maps, diagrams and graphs, direction, distance, and dimension estimations, draw sketches 

by hand or with using computers and so on.  
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4. European projects supporting spatial thinking and STEAM disciplines 

Over the last decade, several European projects have highlighted the need to foster spatial 

thinking skills through the curriculum especially in relation to STEM and later on to STEAM 

disciplines. In the following sections some of the most relevant EU projects will be 

presented, in chronological order. Two of the projects detailed down below have been 

coordinated by one partner involved in GOSTEAM. 

One thing all these projects have in common is that the projects have been undertaken on 

the promise that spatial thinking while significant cognitive ability to everyday life and able 

to be taught, to date, in Europe, at least, no formal priority has been drawn to integrate 

spatial thinking in the curriculum.  

On the contrary, spatial thinking is implicitly omnipresent in most subjects of the curriculum, 

especially when diagrammatic cognition and skills are mobilized, such a reading a map of 

historic events (History, Social Studies) or a thematic map of population density distribution 

(Geography), interpreting diagrams and graphs (probably all subjects), understanding spatial 

concepts such as scale (Astronomy, Geology, Biology, Environmental Education, Geography 

and Earth Science), motion (Physics, Geography and Earth Science, Arts, Astronomy), change 

(Biology, Physics, Geology, Chemistry, Social Studies, Environmental Education, Geography 

and Earth Science), and patterns (Physics, Arts, Mathematics, Social Studies, Environmental 

Education, Geography and Earth Science) to mention a few. 

The projects presented in the following section focus on specific age groups mostly 

secondary education pupils (12-18 years old). There exist also EU projects that deal with 

spatial thinking and STEAM focusing on university students or vocational training such as the 

recently completed (2020) GEONATURA2 Open educational resources platform for 

Geomatics applications to social and environmental issues  and the ongoing (2019-2022) 

SPACAR Contemporary Approach to the Development of Spatial Comprehension through 

Augmented Reality Content3 , but they were omitted from further presentation since their 

target groups are different from GOSTEAM’s. 

                                                             
2 http://geonatura.novaims.unl.pt/  
3 http://liggd.lt/spacar/en  

http://geonatura.novaims.unl.pt/
http://liggd.lt/spacar/en
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4.1 iGUESS: Introducing GIS Use in Education in Several Subjects 

The consortium of iGuess4, (2008-2010) developed a teacher training course to promote GIS 

and instruct teachers in using it, reacting to the undisputed fact that “lots of people use GIS 

applications daily, like car navigation systems, interactive maps on the internet, yet GIS 

learning in Europe is lagging behind” and the emerging need of teachers becoming aware of 

the advantages of GIS and GI-educated people.  

The developed course contained methodologies, guidelines, good practices and exercises for 

using GIS in the classroom practice, the project also developed standard templates, 

facilitating the integration of exercises in courses/ 

Eight countries were involved in iGuess; France, UK, Greece, Austria, Finland, Hungary, 

Belgium, and Bulgaria. The project has gained the distinction of a good practice example. 

In 2012, a follow-up project was launched, iGuess2, “to revise and update the original iGuess 

course developed by a consortium of diverse and experienced partners who are fully 

committed to the idea, concept, realization and maintenance of a teacher training course on 

the integration of GIS in several subjects”.  

Experience gained from iGuess, showed that data availability and their proper integration 

into a GIS is one of teachers’ greatest concerns, therefore iGuess2 focused on exactly trat, 

train teachers to import data, notify them of available data sources, and provide them the 

necessary support so that they will confront no problems with data integration into a GIS in 

their educational practices. Moreover, a new module was developed related to web-based 

digital mapping using ArcGIS on-line, a commercial web-GIS software. 

4.2 SPACIT: Spatial Citizenship  

SPACIT5 (2011-2014) was a European project funded under Comenius Priority 2: the 

development of approaches to teaching and learning. SPACIT recognized the need to 

enhance spatial thinking with the use of ICT technologies and geoinformation in secondary 

education thus, it provided “a system of in-service and initial teacher education” that used 

ICT potential to “enhance citizenship education in and beyond the classroom”. SPACIT 

identified the lack of a systematic approach that would allow education practitioners to 

benefit from the use of spatial data and information available to them and developed 

                                                             
4 http://www.iguess.eu/  
5 https://spatialcitizenship.org/ 

http://www.iguess.eu/
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curriculum materials for teachers to learn and then teach spatial citizenship skills and 

competences to their students that comprise the following: a) spatial concepts to reflect 

geoinformation and social concepts of space to reflect the social/political sphere, b) spatial 

thinking, c) GI-enabled spatial citizenship for both communication and participation. 

Partners from six countries participated in the project; UK, Austria, Germany, Italy, Romania, 

and Turkey. 

4.3 GEOTHNK: Semantic pathways for building a spatially-thinking society 

The GEOTHNK project (2013-2016) had as an objective to use semantic tools to strengthen 

the spatial thinking ability of society - a key ability of people which is vital to many cognitive 

and practical everyday activities. From finding the optimal route to a destination, 

understanding what maps or diagrams show, and expressing thoughts and ideas visually to 

more complex goals such as develop creative thinking and achieving innovation in STEM 

disciplines, spatial thinking and literacy prove to be fundamental. GEOTHNK reached this 

objective by involving a transversal group of user communities (pupils, students, educators, 

trainers, adult learners) into an inquiry-based learning experience. The main results of the 

GEOTHNK were: 1) the development of an ontological methodology for the semantic 

association of interdisciplinary knowledge and 2) an advanced ICT-based approach and an 

open, collaborative, web-based setting to enable the piloting of the GEOTHNK approach with 

user communities. 

GEOTHNK repository provides 342 concepts. These can be classified as (a) spatial (e.g., 

coordinates, elevation, direction and distance) or non-spatial (e.g., natural resources and 

alternative energy), and (b) concepts about real tangible objects (e.g., city, island, river) and 

concepts about abstract notions (e.g., form and connection). Spatial concepts are of course 

central to disciples such as Geodesy, Cartography, Geography and Mathematics, but they 

also have proved important to most other disciplines including Humanities and Social 

Sciences.  

The collection of the GEOTHNK concepts was based on three elements: (a) 

interdisciplinarity, (b) transversality and, (c) semantic association of concepts. The 

establishment of interrelations among concepts is a key property of the GEOTHNK approach. 

The hierarchical organization of concepts consists of three levels. To ensure meaningful 

linkage, GEOTHNK concepts create a semantic network, of 802 taxonomic relations, 

available in 6 languages. Users can search specifically or meander about the semantic 

network to discover the structure of geospatial knowledge (Kavouras et al., 2016). GEOTHNK 
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uses three items of information to describe concepts: (a) the concept name/term, (b) a 

definition, and (c) links to educational on-line resources which help the comprehension of 

concepts (770 links were collaboratively collected). 

The web-based educational environment, the scenarios and the support material were 

developed in the six languages of the partnership: Bulgarian, Dutch, English, German, Greek, 

and Romanian. 

Regarding its impact, the GEOTHNK approach supports learners (school and university 

students, and adults) to develop their spatial literacy and apply it innovatively to tackle 

STEM concepts, across all curricular areas and at any developmental level. The development 

of the innovative, authoring environment has helped teachers both at school and university 

level, as well as science centre instructors to design and present innovative, diverse learning 

pathways that interconnect formal and informal learning settings across different disciplines. 

Indeed, the GEOTHNK Community6, with is 718 members, has been very successful and one 

of the most popular communities, among the 2435 of Open Discovery Space (ODS7) 

remaining still active long after the project’s completion. 

4.4 ENABLE: Educational Advancement of ICT-based spatial Literacy in Europe 

ENABLE8 (2014 - 2017) is a strategic partnership involving parties from three EU countries; 

Germany, Spain, and Portugal. The idea behind ENABLE is that despite the omnipresence 

and significance of ICT and spatial literacy are essential in many professional and everyday 

activities and of geospatial, they are insufficiently integrated into current teaching practices 

in secondary schools.  

In this context, the strategic partnership aimed at developing suitable tools and teaching 

material for secondary school education by: “(i) developing an out-of-the-box toolbox to 

educate children with better ICT and spatial skills to prepare them for the labour market, (ii) 

enabling secondary school teachers to teach ICT-based spatial literacy, (iii) disseminating 

these results to pupils, teachers, educationalists and teachers’ students” in the countries 

involved and throughout Europe. 

The partnership developed the mobile app “OriGami” and the app “NavApps”, both running 

on smartphones and utilizing of geospatial technologies. Through gamification and 

                                                             
6 https://portal.opendiscoveryspace.eu/en/community/geothink-community-400866 
7 https://portal.opendiscoveryspace.eu/en 
8 https://spatialcitizenship.org/  

https://portal.opendiscoveryspace.eu/en/community/geothink-community-400866
https://portal.opendiscoveryspace.eu/en
https://spatialcitizenship.org/
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collaboration, pupils get to play these educative games not only in, but also outside the 

classroom with their peers. OriGami is an outdoor game fostering spatial literacy through 

navigation tasks and thematic tasks, while NavApps is an indoor treasure hunting game. 

Teaching materials for the games were developed and both were tested in various different 

formats: teacher trainings as well as long-term and short-term trainings for pupils together 

with their teachers.  

ENABLE objectives have been reached by creating a toolbox with which (i) children were 

given the opportunity to be trained in ICT-based spatial literacy through playing the games 

and (ii) teachers were supported to use IT tools in class to educate pupils with spatial and ICT 

competencies. 

4.5 GI Learner: Developing a learning line on GIScience in education 

GI Learner9 (2015-2018) was undertaken due to the fact that: a) GEO-ICT was identified by 

the EC as vital part of digital economy leading to innovation, growth, employment 

opportunities and competitiveness and b) spatial thinking is essential in educational 

practices according to the “European Reference Framework, Key Competences for Lifelong 

Learning” document published by the DG EAC.  

The GI Learner consortium consisted of partners covering six countries: Belgium, UK, Spain, 

Austria, Poland and Romania. 

The project intended to create resources to guide 12-18-year-old school students into 

geospatial thinking using GI tools in a creative and critiqued way. GI Learner recognized that 

although GI-related materials are already available, teachers seem reluctant using them 

since notions such as geospatial information, spatial thinking and spatial literacy are 

uncommon across European curricula. Thus, the project developed training materials and 

exercises linked to the curriculum so that GIScience could be integrated in a variety of 

subjects. The project introduced the term “learning line” to accommodate the different 

educational needs and levels of the different students’ age groups and in this context, it 

developed material with three different levels of difficulty and complexity.  

GI Learner materials have been used in teacher training programmes in the countries 

involved in the project. The development and use of GI learning tools have been facilitated 

by the involvement of ESRI, providing free access to their cloud-based platform to many 

                                                             
9 http://www.gilearner.eu   

http://www.gilearner.eu/
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thousands of secondary schools across Europe. GI Learner has been characterized by the 

EACEA as being both a good practice example and a success story, highlighting the 

accomplishment of the project’s objectives but also the penetration of the approach into the 

official educational practices to the participating countries at least. 

4.6 VISTE: Empowering spatial thinking of students with visual impairment  

The Project “VISTE: Empowering Spatial Thinking of Students with Visual Impairment”10 was 

a Strategic Partnership for school education supporting innovation and the exchange of good 

practices, co-funded by the Erasmus+ programme of the European Union (2016 – 2019). 

The project’s mission was to create a methodological, semantic and technical infrastructure 

for cultivating spatial thinking in inclusive educational environments. The objectives were: 

• to address the needs of school students with VI, by strengthening their spatial skills, 

and 

• to cultivate these skills through cooperative activities with sighted students, so as to 

enhance integration of students with VI in mainstream education. 

The project’s main target groups were school students (11-15 years old), teachers, teachers’ 

trainers and other professionals involved in education. 

The project was undertaken on the basis that for students with visual impairment (VI), 

spatial thinking is a critical compensatory ability for functionally utilizing spatial experiences. 

It can contribute to students’ mobility, independence, academic progress, social integration 

and professional development. Moreover, spatial thinking can provide a basis for inclusive 

education, through open-ended problem-solving tasks and scientific inquiry activities, which 

stimulate students' interest and promote cooperation in the classroom, with multiple 

benefits for all students. Tactile maps, as well as innovative spatial tools exploiting 

Information and Communication Technologies, can be valuable aids in this direction. 

The consortium consisted of 5 partners from 4 European countries; Greece, France, 

Luxembourg, and Romania. Its members (a university, a research institute, a software 

company, a teacher’s training centre, and a primary and a secondary school for the visually 

impaired) brought in different areas of expertise; meanwhile, the project also benefited 

from additional co-operation with several other organizations active in relevant fields. 

                                                             
10 http://visteproject.eu/ 

http://visteproject.eu/
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The project has received a warm reception by the 175 school students (including 85 students 

with VI) directly involved in its educational activities. It has equipped hundreds of education 

professionals with skills and motivation to serve the needs of their students using the VISTE 

approach, while the potential exists for further impact via the VISTE online community, the 

open access of intellectual outputs and the activities of teachers’ trainers. Due to its impact 

to the community of spatial education schools and students with VI and also due to its 

proven presence in inclusive educational environments the project has been characterized 

by the EACEA as a good practice example. 

  



 

Cross-cutting geospatial and environmental STEAM instruments for the new generation 
Project Number - 2020-1-SE01-KA201-077972 

5. Survey of the state-of-the-art in the spatial and environmental 

education of secondary school age students  

5.1 Aims and methodology 

As part of the exploration of the state-of-the-art in the spatial and environmental education 

of secondary school age students in GOSTEAM consortium member-states, a small-scale 

survey was conducted in the context of the project. The aims of the survey were: 

• to inform the GOSTEAM consortium on the current educational state and practice in 

secondary schools and science centers operating in GOSTEAM consortium member-

states,  

• to identify areas and ways of potential intervention, thus laying the ground for 

cultivating spatial and environmental awareness of secondary school age students in 

ensuing project activities. 

In accordance to the above aims, the survey focused in gaining qualitative and hopefully, in-

depth insights, from a small number of respondents active in the education of secondary 

school age students in schools and science centers operating in consortium member-states. 

Two different questionnaires were used.  

• The first addressed a focused group of representatives of secondary schools and 

science centers, with the objective of collecting information at the institution and 

country level. 

• The second addressed a relatively larger number of school and science center 

educators, with the objective of providing insights into educators’ individual 

practices, needs and proposals for future project activities. 

Questionnaires used a variety of question formats (short answer text, long answer text, 

checkboxes, multiple choice), depending on the particular issue investigated in each case. 

Initial versions of the two questionnaires, in the English language, were drafted by the 

National Technical University of Athens; these were improved with input provided by the 

schools and science center participating in the GOSTEAM consortium. The final versions 

were published as Google Forms in English (available in Annex A.1 and Annex A.3). 

Additionally, Città della Scienza translated the questionnaires in Italian (Italian versions of 

the questionnaires are available here and here). The questionnaires were distributed by 

https://docs.google.com/forms/d/1zymQn8THR2IdJX5FYmXRQUhc4peu1NM7nl-soFJlXAI/edit?usp=sharing
https://docs.google.com/forms/d/1x_Oldp7pED8ZSLrIfPYwEblDC3Vz0JO_m-ej7_4DE-A/edit?usp=sharing
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project partners to educators in their schools/science center and beyond. Responses were 

received from December 21, 2020 to January 25, 2021.  

5.2 Participant characteristics 

Overall, 8 responses to the questionnaire for school and science center representatives were 

received, responses are available in Annex A.2. These covered all consortium schools and 

science center as well 2 as additional organizations operating in Italy (Table 3). 

Institution name Country Number of respondents 
Ystad Gymnasium Sweden  1 
BG/BRG Schwechat Austria 1 
Ellinogermaniki Agogi Greece 3 
Città della Scienza Italy 1 
Le Nuvole società cooperativa Italy 1 
Liceo A. Labriola Italy 1 

Total number of respondents 8 

Table 3. Respondents to the Questionnaire for School and Science Center Representatives 

 

The questionnaire for school and science center educators received 39 responses in total 

(available in Annex A.4). Responses received in languages other than English (Italian, 

German, Swedish) were translated using Google Translate. Following closer inspection, 2 

responses were excluded from quantitative elaboration (one was a duplicate and another 

was by a science center educator who taught primary, rather than secondary school age 

children). The institutions covered by the resulting 37 valid questionnaire responses are 

presented in Table 4. The majority of respondents operate in secondary schools (73% of 

respondents) with fewer (27%) educators working in science centers.  

Institution name Country Number of respondents 
Ystad Gymnasium Sweden 6 
BG/BRG Schwechat Austria 10 
Ellinogermaniki Agogi Greece 3 
Città della Scienza Italy 3 
BG Eisenstadt Austria 1 
Khevenhüller Gymnasium Austria 1 
IIS Minutoli-Quasimodo Italy 1 
ISISS G. Marconi Italy 2 
Istituto Nazionale di Astrofisica Italy 1 
Le Nuvole società cooperativa Italy 5 
Liceo A. Labriola Italy 1 
Liceo E. Vittorini Italy 1 
Liceo S. Quasimodo Italy 1 
ScienzaSemplice Italy 1 
Total number of respondents (valid responses only) 37 

Table 4. Respondents to the Questionnaire for School and Science Center Educators 
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Responses to the questionnaire for educators cover all age groups and school grades 

pertinent to secondary school age students. Although it is difficult to elaborate on the 

subjects taught by respondents, because in most cases, they teach more than one, it can be 

safely stated that in their overwhelming majority (well over 70%), they teach STEM subjects. 

An interesting observation is that of the 8 respondents who explicitly mentioned teaching 

Geography, 3 teach Geography and Sports, 2 teach Geography, Physics and Biology, 2 teach 

Geography and Social sciences and 1 teaches Geography and English. 

Insights gained from both questionnaires are presented in the following sections. Because of 

the small sizes of the samples, it should be noted that quantitative analysis and chart 

presentations only serve the purpose of facilitating presentation and discussion, without 

posing claims of statistical validity. 

5.3 Current state-of-affairs regarding the cultivation of spatial and environmental 

awareness/skills in secondary school age students  

Respondents to the questionnaire for school and science center representatives were first 

asked to briefly describe the current state-of-affairs in their country and institution 

regarding the cultivation of spatial and environmental awareness/skills in secondary school 

age students. Suggested topics to include in their answers were:  

• the existence (or not) of any important relevant policies/documents/initiatives  

• whether spatial and environmental awareness/skills are addressed within specific 

courses (e.g., Geography) or across the curriculum 

• the inclusion (if at all) of Geographic Information Science and Technology, 

Cartography and Environmental Science, in current educational policies/practices 

• whether educational activities addressing spatial and environmental 

awareness/skills currently include fieldwork and/or other practical endeavor in 

addition to theoretical knowledge.  

 The answers provided are briefly presented below. 

• According to the representative of Ystad Gymnasium school, Sweden, “in the 

curriculum of Geography, it is stated that in teaching, students should be given the 

opportunity to collect, process, critically interpret and evaluate spatial data and to 

formulate and visualize results in the form of texts, maps, images, models, tables 

and diagrams. Students should also be given the opportunity to develop knowledge 
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about society's need for different spatial data and about how large amounts of 

information can be handled with the help of digital geographical tools such as 

geographical information systems (GIS)”. Not all secondary school students have to 

take the course in Geography; however, all students have to study the subject of 

Natural Science. The Natural Science curriculum states that “teaching should give 

the student the opportunity to use digital and other tools and make simulations to 

seek and achieve knowledge in science”. The subject of Natural Science is taught to 

small groups of students, so educators are able to carry out fieldwork and laboratory 

work. There is always time set aside during the academic year and in the school 

schedule for these elements. 

• The representative of BG/BRG Schwechat school, Austria, reported that spatial 

thinking is taught in the school mainly through lessons held with PC programs in the 

subject of Geometrical Drawing. Environmental skills, on the other hand, form part 

of the curriculum in the subjects of Geography and Physics, while environmental 

awareness is built in an informal group of teachers and students, who are creating 

initiatives about Environmental Education. There are no practical educational 

activities in the school, but a group of teachers and students are active in the 

framework of the “Fridays for Future” initiative. 

• The representatives of Ellinogermaniki School, Greece, reported that spatial thinking 

and environmental awareness are cultivated mainly through curriculum courses, 

such as Geography and Environmental Education, with other school subjects 

(Biology, Physics, Technology) being also mentioned as relevant. As stated by one of 

the respondents, “There is always the tendency and effort in teaching to guide 

students to develop a better perception of space around them through map study, 

using Google Earth for example, where one can travel in any part of the planet. 

Moreover, through virtual travelling (e.g., Nanoreisen) students discover the space 

inside their body in Biology, as well as space far from Earth while studying the 

universe”. Environmental Education covers topics such as recycling, water resources, 

forests and renewable energy sources; however, it has an auxiliary role in the overall 

syllabus, with limited time available. The school has technical/building infrastructure 

capable of supporting fieldwork and other practical endeavor to promote students’ 

spatial and environmental awareness, but these are implemented only through 

projects, assigned according to the interests and personal choices of students. There 

have also been some activities in each class in the context of the KROS - Knights for 
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Road Safety project, where students ran “activity sheets” applying Physics in safe 

driving, leading them to greater spatial awareness. Furthermore, Environmental 

Education involves activities around the school premises or sometimes, on 

environmental excursions (e.g., measurements, experiments, tree planting, cleaning-

up beaches), but “due to the burden of the syllabus, it is not possible to spend so 

many hours where students are engaged in such environmental activities”. 

• The representative of Città della Scienza science center, Italy, responded that the 

science center has been active in environmental issues for several years. They have 

developed educational activities supplementary to curricular subjects and carried 

out hand-on educational workshops on various topics, including geology 

(earthquakes and volcanoes) and, in the past, cartography and the use of 

topographic maps (with the creation of topographic profiles to understand how the 

experts “read” and study the morphology of the territory). With relevance to 

practical educational activities, the science center has, for several years been 

carrying out European and national projects, and in this context, has installed 

seismographs in schools and developed didactic activities on the analysis of 

seismograms from the physical and geological point of view. “We work online by 

depositing the recorded data in a database that can be consulted by all schools that 

access the network. It is the students who, after adequate training, study the data 

recorded by the seismographs and elaborate the causes that triggered the 

earthquake. From here, the causes that generate them are studied and understood 

and the consequences relating to the geology of the areas concerned are drawn.” 

• The representative of Le Nuvole società cooperativa, Italy, reported that the 

company deals with science communication. Several of the company’s activities are 

dedicated to knowledge of the world around us, orientation, space exploration, 

knowledge of astronomy and coding. Activities are intentionally multi-disciplinary (in 

fact, the company often works for conceptual catalogers) and address “the world of 

schools and families, in science centers and festivals, schools and open days”, aiming 

at consolidating skills that derive from the acquisition of knowledge. The company’s 

approach to activities involves three phases, distinct in time and space: i) 

introduction to knowledge; ii) from knowledge to competence; iii) consolidation of 

skills. The first and last phases are non-formal, the middle phase is informal. All 

functions provide a practical approach and lateral support to the theoretical 
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activities that take place at school. The science communicator works on the 

awareness of skills rather than on the transmission of knowledge. 

• The representative of the Italian secondary school was not able to provide input 

regarding the cultivation of spatial and environmental awareness/skills in secondary 

school age students. However, it can be concluded from the answers to the 

questionnaire for educators received from Italy, that various school subjects in STEM 

encompass spatial and environmental topics.  

5.4 Major obstacles encountered by educators in cultivating spatial and environmental 

awareness/skills in secondary school students 

Respondents to the questionnaire for school and science representatives were asked to 

choose and rate, from a list, the major obstacles encountered by educators in cultivating 

spatial and environmental awareness/skills in secondary school students (possible answers 

for each obstacle on the list were “Not at all”, “A little”, “To some extent”, “A lot”). A closer 

look at the responses submitted indicates that existing obstacles vary depending on the 

institution. If weights are assigned (Not at all=0, A little=1, To some extent=2, A lot=3), and 

results are adjusted to account for the fact that one school was represented by more than 

one respondents, the final average weighted score on a scale from 0 to 3, for each possible 

obstacle per institution and for the whole sample, is shown in Table 5. 

The representatives’ answers suggest several ways in which the GOSTEAM project can 

contribute to fulfilling educators’ needs relevant to cultivating spatial and environmental 

awareness in secondary school students, for instance, by providing training, pedagogical 

support, pedagogical models and open educational resources in the national languages. On 

the other hand, the practical reality of the educational context can impose severe 

limitations, in the form of curriculum, space and time constraints. These obstacles reveal the 

need to closely collaborate with educators in order to develop suitable resources and 

activities for the implementation context. At the same time, they highlight the potential role 

that science centers can have in complementing and supporting the educational process of 

cultivating spatial and environmental awareness in secondary school age students. 
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Obstacles of educators involved in cultivating spatial 
and environmental awareness/skills 

Ystad 
Gymnasium 

BG/BRG 
Schwechat 

Ellinogermaniki 
Agogi 

Città della 
Scienza 

Le Nuvole 
società 

cooperativa 
Liceo A. Labriola Overall 

sample 
Sweden Austria Greece Italy Italy Italy 

Insufficient technical infrastructure (computers, 
laptops/notebooks) 0,00 0,00 0,33 2,00 3,00 3,00 1,39 
Lack of adequate training of teachers 3,00 1,00 1,00 2,00 2,00 3,00 2,00 
Insufficient technical support for teachers 1,00 0,00 0,33 2,00 2,00 3,00 1,39 
Insufficient pedagogical support for teachers 1,00 0,00 1,33 3,00 2,00 3,00 1,72 
Lack of content in national language 2,00 1,00 1,00 2,00 2,00 1,00 1,50 
Lack of pedagogical models on how to teach these skills 
in an attractive way 2,00 1,00 1,67 3,00 1,00 1,00 1,61 
School time organization (fixed lesson time, etc.) 0,00 3,00 2,67 2,00 3,00 2,00 2,11 
School space organization (classroom size and furniture, 
etc) 0,00 3,00 0,67 3,00 3,00 2,00 1,94 
Pressure to prepare students for exams and tests 1,00 3,00 2,67 3,00 3,00 3,00 2,61 
Lack of interest of teachers 1,00 0,00 1,33 2,00 2,00 1,00 1,22 
Insufficient cross-curricular support from school 
colleagues 1,00 0,00 1,67 3,00 1,00 1,00 1,28 
Administrative constraints in accessing adequate 
content/material for teaching 2,00 2,00 1,00 2,00 2,00 3,00 2,00 
Budget constraints in accessing adequate 
content/material for teaching 0,00 3,00 1,00 3,00 1,00 2,00 1,67 

 
Table 5. Major obstacles of educators involved in cultivating spatial and environmental awareness/skills in secondary school students (average weighted scores on a 0-3 
scale) 
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5.5 Current state-of-affairs concerning the transfer of knowledge and expertise from 

universities and/or professionals to secondary school education 

Answers to the questionnaire for school and science center representatives revealed that 

the present state-of-affairs concerning the transfer of knowledge and expertise from 

universities and/or professionals to secondary school education differs among institutions 

and countries.  

• Ystad Gymnasium, Sweden, replied that there is a close collaboration with the 

university, providing students with the opportunity to participate in lectures and 

conduct laboratory work; however, these activities have stopped during the 

pandemic.  

• BG/BRG Schwechat, Austria, replied that, presently, they have no cooperation with 

universities or professionals. 

• Ellinogermaniki Agogi, Greece, indicated that the transfer of knowledge and 

expertise from universities and/or professionals to secondary school education in 

the country could be improved. One representative answered that there is, “to a 

small extent”, communication between the secondary education institutions and 

universities, without however any relevant planning by the competent policy 

bodies”. Another answered that knowledge transfer is insufficient in the area of 

spatial education. A third representative was not aware of any co-operation with 

universities and/or professionals. 

• The representative of the Italian school (Liceo A. Labriola) answered that transfer of 

knowledge and expertise from universities and/or professionals to secondary school 

education is “insufficient”. However, the situation for science centers in Italy 

appears to be better. The representative of science center Città della Scienza 

evaluated the present state as being “good”, explaining that the center works a lot 

with universities and research centers, involving experts who discuss and carry out 

workshops and seminars for students. The representative of Le Nuvole Società 

Cooperativa stated that the situation has improved a lot in recent years, with an 

increasingly important role being played “by universities (which have become very 

open thanks to the effective performance of the third mission) and the world of 

professions (which has understood the need to sensitize young people already in the 

pre-university phase to the professions)”. 
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In the questionnaire for school and science center educators, respondents from various 

institutions in consortium countries were informed that, in the GOSTEAM project, 

participating universities aim to share some of their academic and research 

achievements in Geographic Information Science and Technology, Cartography and 

Environmental Science with secondary schools and to develop educational resources in 

collaboration with school/ science center educators. Educators were then asked if there 

are any aspects of the course/ activity they are responsible for, which could particularly 

benefit from cooperation with participating universities. Their responses were very 

positive and suggested both general and specific areas of potential contribution, 

including the following: 

• Providing support to educators and sharing educational activities (one educator 

mentioned that the support presently available is through educators’ Facebook 

groups) 

• Helping educators communicate science better, both by “correcting the 

information” provided to learners and by showing ways to present material in more 

effective and appealing ways 

• Assisting educators in keeping up with technological advances 

• Helping educators answer students’ question "why are we learning about this?" 

• Helping students understand the meaning of research work and how it is carried out 

• Enhancing laboratory aspects of educational activities 

• Educational activities in Geography and Cartography were mentioned by several 

educators as potentially benefiting particularly from cooperation in this project. 

There were both general references to these fields, as well as more specific 

references to sub-fields, issues and activities, for example: the study of maps; the 

geometry of space in the Cartography problem; issues connected to urban 

geography, population, city development and economic geography; applied use of 

Geographic Information Systems; using real-time data platforms and “official” maps; 

helping students use maps in Environmental science to illustrate the flow of 

nutrients in streams or the spread of invasive species (“We can do some simple 

maps in QGIS but it would be interesting to have more knowledge and support in 

making maps”). 

• Enhancing activities in Natural Sciences and exploration in nature 

• Developing hands-on activities in Life sciences (what life is, different life features 

and necessities) 
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• Supporting student’s research in environmental issues 

• Improving teaching in Chemistry and Technology, for example with reference to 

environmental aspects 

• Teaching seismic and volcanic hazards (“We live near Vesuvio!”) 

• Meeting data needs of educational activities, for example, statistics for assessing air 

pollution, satellite data concerning infrared radiation 

• Creating distributed information systems to share data 

• Improving the instruction of Geometry in Mathematics 

• Contributing to elaborating on the development of science in relation to the 

historical, economic and social conditions of the people 

• Improving educational activities relevant to Architecture and Arts museums. 

5.6 Current state-of-affairs and proposals to address the gender gap in STEM 

Respondents to the questionnaire for school and science center representatives were asked 

to provide their insights on the topic of women being less likely than men to pursue careers 

in STEM (Science, Technology, Engineering, Mathematics), stating any policies/initiatives in 

their country/institution to address this gender gap and evaluating their effectiveness, as 

well as whether this project can have a positive contribution. 

• The representative of Ystad Gymnasium stated that Sweden, “one of the world's 

most equal countries”, has a comparatively low proportion of women with degrees 

in STEM subjects, despite girls performing at least as well as boys in school. 

“Research shows that people in equal countries feel higher satisfaction in life, 

compared to countries with low equality. Gijsbert Stoet, professor of psychology at 

Leeds Beckett University, believes that all types of jobs in rich countries are 

relatively secure and that when the burden of financial worries is reduced, personal 

preferences become more clearly expressed. This means that there must be more 

arenas, projects like this, that can help show that technology affects us all and that 

more women in the industry can influence technology further from a female 

perspective.” 

• The representative of BG/BRG Schwechat, Austria, stated that there are "Girls Days" 

in the Ministry of Science, but these initiatives aren't very popular in the school. 

• Representatives from Ellinogermaniki Agogi, Greece, were not aware of any official 

bodies/policies addressing the gender gap in STEM. However, one mentioned that in 

the school, students, regardless of gender, participate in programs to distinguish the 
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individual skills they have, so as to be able to make better choices regarding their 

future studies and professional activity. 

• The representative of Liceo A. Labriola, Italy was not aware of any relevant existing 

policies. The representative of science center Città della Scienza stated that there is 

some attention to the gender issue in the sciences, but that is only thanks to the 

interest and awareness of the existence of the problem by sensitive people; at the 

national level “there are still too few initiatives dedicated to bringing girls closer to 

science”. On the other hand, the representative of Le Nuvole società cooperativa, “a 

female society”, stated that, in Italy, ministerial actions are beginning to be 

envisaged to bring girls closer to STEM disciplines. As an example, the representative 

mentioned that the Ministry for Equal Opportunities had recently announced a call 

for proposals that rewarded STEM awareness projects for initiatives aimed at 

children aged 6 to 18 if the participants were more than 60% female. 

Respondents to the questionnaire for school and science center educators, were also 

presented with the problem. They were asked to suggest some practical ways to 

encourage female interest in STEM careers during secondary education and to list any 

specific spatial thinking skills which they consider particularly important in this respect. 

Some educators answered that this is a complex issue. One educator, for example 

suggested that the choices made by the students may be the consequence of family 

stories, for example following the career of a parent, and that lower secondary schools 

are the keystone: “the new subjects encountered in middle school (art, technical 

drawing, study of materials, music, and Physics) are considered of lesser importance: a 

few hours, often poorly done due to the lack of laboratories and therefore little interest 

from students”. Another educator proposed that intervention should start earlier, in 

primary school. Other educators offered specific practical measures to help address the 

gender gap in STEM, presented below: 

• Proposing female role models: for example, working with female professors and 

researchers, organizing discussions and workshops with women from the 

research word, informing students of female Nobel prize winners 

• Encouraging girls to pursue STEM studies and careers; not discriminating against 

girls when, for instance, carrying out technical activities in the school 

• Using multi-approach design and multidisciplinary activities  

• Adopting a laboratory approach; organizing more hands-on workshop and 

outdoor field activities; showing real life applications to raise interest; 
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stimulating curiosity by “communicating that understanding the physical world 

we live in is one of the keys to living better”  

• Several educators proposed specific subjects/activities based on their 

experience of what attracts the interests of girls. For instance, the environment 

was proposed as a topic attractive to all genders (‘’it is not so abstract”). Other 

suggestions included using mobile applications to measure environmental data 

(radiation, temperature, light pollution), or making “a beautiful map using the 

best colors and symbology”. An Informatics educator suggested that “girls are 

more efficient in the logical design stages of a system”, therefore involving them 

in the early stages of a project could offer an incentive. 

• Finally, an educator stated that Mathematics causes fear; therefore, tearing 

down “the generational walls of fear toward this subject” could be the key to 

alleviating gender differences in all STEM subjects. 

5.7 Current use of pedagogical approaches 

Respondents to the questionnaire for school and science center educators were presented 

with a list of pedagogical approaches and a brief description of each. They were asked which 

pedagogical approaches they use in their teaching and how much (“Not at all”, “A little”, “To 

some extent”, “A lot”). Results are shown in Figure 8.  

Weight assignment to the responses received (“Not at all”=0, “Very little”=1, “To some 

extent”=2, “A lot”=3), results in the following weighted average scores on a scale of 0 to 3 

for different pedagogical approaches (shown in descending order, i.e. from the most to the 

least used by respondents): 

• Traditional direct instruction (Lessons are focused on the delivery of content by the 

teacher and the acquisition of content knowledge by the students): 2,14 

• Teaching with experiments (Experiments are used in the classroom to explain the 

subject matter): 2,05 

• Collaborative learning (Students are involved in joint intellectual efforts with their 

peers or with their teachers and peers): also 2,05 

• Project-/Problem-based approach (Students are engaged in learning through the 

investigation of real-world challenges and problems): 2,03 

• Integrated learning (Learning brings together content and skills from more than one 

subject area): 1,92 
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Figure 8. Current use of pedagogical approaches 

 

• Differentiated instruction (Educational activities are designed to address a range of 

learning styles, abilities and readiness): 1,92 

• Formative assessment, including self-assessment (Student learning is constantly 

monitored and ongoing feedback is provided; students are provided with 

opportunities to reflect on their own learning): 1,81 

• Inquiry-Based Education (Students design and conduct their own investigations): 

1,58 

• Summative assessment (Student learning is evaluated at the end of an instructional 

unit and compared against a benchmark or standard): 1,57 

• Peer teaching (Students are provided with opportunities to teach other students): 

1,54 

• Personalized learning (Teaching and learning are tailored to meet students’ 

individual interests and aspirations as well as their learning needs): 1,41 
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Traditional direct instruction

Teaching with experiments

Project-/Problem-based approach

Inquiry-Based Education

Collaborative learning

Peer teaching

Flipped classroom

Personalized learning

Integrated learning

Differentiated instruction

Summative assessment

Formative assessment,
including self-assessment

Which pedagogical approaches are you using  
in your teaching and how much? 

A lot To some extent Very little Not at all
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• Flipped classroom (Students gain the first exposure to new material outside of class, 

and then use classroom time to discuss, challenge and apply ideas or knowledge): 

1,20. 

5.8 Current use of different aspects of teaching and learning 

Respondents to the questionnaire for school and science center educators were presented 

with a list of various aspects of teaching and learning. They were asked to what extent do 

they use each of these (with or without Information Communication Technologies) when 

teaching (“Not at all”, “A little”, “To some extent”, “A lot”). Results are shown in Figure 9.  

Weight assignment to the responses received (“Not at all”=0, “Very little”=1, “To some 

extent”=2, “A lot”=3), results in the following weighted average scores on a scale of 0 to 3 

for different aspects of teaching and learning (listed from the most to the least used): 

• “I present and explain ideas to the whole class”: 2,57 

• “I use different types of materials (visual, audio, written)” in my classes/ educational 

activities: 2,51 

• “Students discuss ideas with other students and the teacher”: 2,46 

• “I support and explain things to individual students”:  2,14 

• “I give feedback to my students during a learning activity”:  2,08 

• “Students work in groups, with well-defined tasks”: 2,03 

• “I use content from different subjects to explain concepts”: 1,92 

• “Students work collaboratively, working together to find solutions to problems”: 

1,86 

• “Students work alone at their own pace”: 1,81 

• “Students work on exercises or tasks individually at the same time”: 1,78 

• “Students conduct experiments”: 1,78 

• “Students reflect on their learning”: 1,73 

• “Students take tests and assessments”: 1,70 

• “Students give presentations to the whole class”: 1,51 

• “Students make decisions about how they learn”: 1,46 

• “Students conduct their own study and research activities”: 1,38 

• “I organize field trips/ visits to museums/ company visits to contextualize teaching 

content”: 1,31 
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Figure 9. Current use of various aspects of teaching and learning 
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I present and explain ideas to the whole class

Students work alone at their own pace
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Students conduct experiments
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Students make decisions about how they learn

Students conduct their own
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Students work in groups, with well-defined tasks
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together to find solutions to problems

Students reflect on their learning

I support and explain things to individual students

I use different types of materials (visual, audio,
written) in my classes/ educational activities
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subjects to explain concepts
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disciplines to coordinate our teaching

I organize field trips/ visits to museums/ company
visits to contextualize teaching content

Students take tests and assessments

I give feedback to my students
during a learning activity

Students participate in assessing their own
work and the work of their peers

Students give presentations to the whole class

I integrate Arts into my teaching
to increase student engagement

I incorporate outdoor activities in my teaching

I incorporate collaboration with society/
universities/ industry/ cultural / governmental…

To what extent do you use the following aspects of teaching and 
learning (with or without ICT) when teaching? 

A lot To some extent Very little Not at all
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•  “I incorporate outdoor activities in my teaching”: 1,27 

• “I integrate Arts into my teaching to increase student engagement”: 1,25 

•  “Students participate in assessing their own work and the work of their peers”: 1,22 

•  “I incorporate collaboration with society/ universities/ industry/ cultural 

institutions/ governmental institutions in my teaching”: 1,03 

• “I invite other teachers of different disciplines to coordinate our teaching of certain 

common topics”: 0,89.  

5.9 Current use of different types of learning resources 

Respondents to the questionnaire for school and science center educators were asked to 

indicate the extent (“Not at all”, “A little”, “To some extent”, “A lot”) to which they use each 

of a list of types of learning resources/materials. Results are shown in Figure 10.  

 

Figure 10. Current use of learning resources/materials 
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Paper-based materials

Audio/video materials

E-books and online resources

Presentations
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Web-based or computer-based simulations

STEM-specific software
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Online collaborative tools
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Which learning resources/materials are you currently using? 

A lot To some extent Very little Not at all
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Weight assignment to the responses received (“Not at all”=0, “Very little”=1, “To some 

extent”=2, “A lot”=3), results in the following weighted average scores on a scale of 0 to 3 

for different types of learning resources (shown in descending order, i.e., from the most to 

the least used): 

• Audio/video materials: 2,16 

• Paper-based materials: 2,03 

• Presentations, e.g., MS Power Point, Libre Office Impress, Sway: 1,95 

• E-books and online resources: 1,86 

• Word processors, e.g., MS Word, LibreOffice Write, OneNote, Notepad: 1,59 

• Web-based or computer-based simulations: 1,39 

• Online collaborative tools, e.g., Padlet, Mentimeter, Tricider, Kahoot: 1,27 

• STEM-specific software, e.g., Geogebra, Function Plotter: 1,08 

• Resources for personalized learning: 1,03 

• Data sets / Spreadsheets, e.g., MS Excel, Libre Office Calc: 1,03 

• Resources for special needs learners: 0,94 

• Robots: 0,50. 

5.10 Spatial concepts/skills considered important in order to “shape” spatially and 

environmentally aware future citizens 

The next section of the questionnaire addressed to school and science center educators, 

aimed to elicit their ideas/proposals on how to best cultivate spatial thinking skills in 

secondary school students. A first set of questions asked individual educators to name up to 

5 spatial concepts/skills which they believe important to cultivate in secondary education, in 

order to “shape” spatially and environmentally aware future citizens. Educators were also 

asked to propose how to teach these concepts/skills, by specifying the age group(s) they 

consider appropriate and the type of educational activity(ies) to be used. 

The list of concepts elicited is given in Table 6, alongside the relevant age group/grade level 

and proposed educational approach, as well as some information on the background of the 

educators who proposed them: whether they are associated with a science center or a 

school, the country in which their institution is based and the subject(s) they teach (or, for 

science center educators, the educational activities they are responsible for). More than 80 

spatial concepts/skills have been proposed, the most popular being climate change (9 

respondents), orientation (8 respondents) and shape (5 respondents). 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Action/theme 14-19 
Charts that represent the positive or negative effects of 
an action on oneself and on others School Italy Mathematics, Physics  

Actionbound Over 13 years 

Actionbound is a free software for doing geocaching 
quizzes. For a spatial thinking topic you can let kids 
make their own Actionbound. You can make quizzes 
with or without GPS data, School Austria 

Geometry, Mathematics, 
Biology 

App Xsections 13years With the App the kids can learn about spatial objects School Austria Geometry, Maths, Biology 
Area and surface 11-15 Interactivity discovery Science Center Italy Mathematics and Sciences  

Area and volume 16 How to calculate the volume and conversion of units School Sweden 
Chemistry, Biology, 
Environmental Science 

Assigning city or place 
names to a certain world 
region (orientation) 10-18 Map quests School Austria English, Geography 
Biodiversity 15-17 Visiting protected areas School Italy Science 

Boundaries 16-19 

The concept is multifaceted, but you can work with your 
own body as a starting point. Who am I in the world? 
How do I express my individuality? How to set 
boundaries? Here it is appropriate to discuss the issues 
based on the EPA (“enskilt, par, alla”): single, pair, all. A 
final task of some kind can tie the bag together.   School Sweden 

Swedish, Communication 
and Journalism, Advertising 
and Information 

Build-up of Calculation 
skills All 

Discussions on different solution strategies in 
calculation, calculation exercises School Sweden Chemistry, Technology 

Cartography  12 - 18 Interactivity, use of digital maps and smartphone tools Science Center Italy 
Volcanoes, Earthquakes, 
Physics 

Chemistry in our life 14-17 Using molecules in the kitchen and for personal cleaning School Italy Science 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

City and country 16-19 

What does it mean to live in the country or in a city 
today compared to in the past? Here you can easily 
collaborate across subject boundaries (Swedish, science 
and history). You could write a memo about the issue. School Sweden 

Swedish, Communication 
and Journalism, Advertising 
and Information 

Climate change 

Primary school, 
Lower and 
Upper 
Secondary 
school  Real life tasks, inquiry, IBSE, experiments Science Center Italy Sciences 

Climate change 4-18 Make students realize how humans affect ecosystems  Science Center Italy 

Natural Sciences, Human 
Body, Various educational 
activities 

Climate change 8-16 years 
Inquiry-based science education, STEAM, Responsible 
Research and Innovation  (RRI), Hands-on activity Science Center Italy Physics 

Climate change 13-18 

After drawing thee greenhouse effect together in the 
Board, they [students] watch online Videos, which show 
the effects of climate change. As a project the students 
should change their lifestyle for one week.. they should 
quit doing one thing that  supports climate change 
(Vegan lifestyle, Not using plastic, ...). They should see 
how easily you can change something. School  Austria 

Geography/Economics, 
History/Politics  

Climate change 14 -18 Explore the scientific background of climate change School Austria Physics 
Climate change 14-18 Learning newpapers School Italy Science 
Climate change 16-19 Discussions and research School Sweden English and Russian 
Climate changes  14-18 Hands on experiments (temp, pressure, state changes)  Science Center Italy Astronomy 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Climate, climate zones, 
analysis of past climates, 
anthropogenic influence 
on climate change, 
atmospheric pollutants  

18 years - 5th 
year of Upper 
Secondary 
school 

Frontal lecture, videos, online research relating to the 
variation over time of atmospheric pollutants, collective 
conversations, debate School Italy Natural Sciences 

Connections 

Lower and 
Upper 
Secondary 
school  Inquiry-based science education, real-life tasks Science Center Italy Sciences 

Create objects with GAM 
Software 13-14years 

Kids should learn how to create figures on the 
computer. You can use the free software GAM or 
Microstation if paying. If they have to design something, 
they have to get a feeling of spatial thinking. School Austria Geometry, Maths, Biology 

Create quizzes All 

With LearningApps or Kahoot or Socrative, kids can 
create their own quizzes to a special topic. For 
GOSTEAM you can take a topic that fits with spatial 
thinking School Austria Geometry, Maths, Biology 

Diffusion/osmosis 17 
Searching diffusion patterns / explaining transport in  
solutions depending on solubility School Sweden 

Chemistry, Biology, 
Environmental science 

Distance 16 Measure School Sweden Geography, Social science 

Distance (in circular orbits) 18 

Explanation of concept followed up by qiving the 
students a question to think about/discuss. After a 
certain time we test by experiment/simulation what 
answer is "correct".   School Sweden Physics and Mathematics 

Dynamic figures 11-15 Interactivity discovery Science Center Italy Mathematics and Sciences 

Earthquake, location, fault 
distribution, correlation 
with tectonic structures  

17 years - 4th 
year of Upper 
Secondary 
school  

Frontal lecture, online research, Powerpoint 
presentation elaboration, seismic risk map reading and 
preparation of hazard maps School Italy Natural Sciences 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Eco-friendly 16 Cycles of nature Science Center Italy 
Innovation educational 
activities 

Energy All 
Experiments demonstrate Conservation and 
Transformation of energy School Austria Mathematics, Physics 

 Environment 12  Natural resources Science Center Italy 
Innovation educational 
activities 

Environmental risks 15 Earthquake, eruption,  hydrogeology Science Center Italy 
Innovation educational 
activities 

Exoplanets and life 14-18 
Hands on activity with real astronomical data and 
models  Science Center Italy Astronomy 

Fair produced or 
environmentally friendly 
brands 15 

Students do online research and present their Brand to 
the class. We discuss which Brands we would buy (Not 
too expensive, able to buy it in Austrian Shops,...). They 
should learn to pay attention to badges,... To buy better 
products in the future.  School Austria 

Geography/Economics 
History/Politics  

Fine kinesthetic 
intelligence, geometric 
transformations 14-19 Single and modular origami  School Italy  Mathematics, Physics 
Form 11-15 Interactivity Science Center Italy Mathematics and Sciences  

GeoGebra in Maths Over 12years 
GeoGebra is a free computer software. Kids can create 
different things in Maths (circles, ...) School Austria Geometry, Maths, Biology 

Geopolitics  

Upper 
Secondary 
School  Inquiry activity, real life tasks  School Italy Sciences 

History of position and 
time measurement and 
navigation (Astronomy, 
Cartography) 14-18 

Museum/city tours for the historical part, hands-on 
activities  Science Center Italy Astronomy 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Informatics 

Primary school, 
Lower and 
Upper 
Secondary 
school  

Various modalities according to age groups, focus on 
reality exercises Science Center Italy Sciences 

Knowledge of the territory 15 -18 Research and study in the field, with use of IT resources School Italy Mathematics - Physics  
Location 15 Climate change School Italy Mathematics and Physics 
Location 10-15 Navigation in an unknown city School Greece Physics Biology Geography 

Manipulating diagrams 
K8 - K12 (13y - 
17y) 

Collaborative learning (worksheets, spreadsheet 
software, exercises) School Greece Physics 

Map projections 18 

Experiments with an illuminated globe and papers cut to 
different shapes around it, as cylinders, cones, plain 
paper School Sweden 

Chemistry, Biology, 
Environmental science 

Microworld 

Primary school, 
Lower and 
Upper 
Secondary 
school  Experiments, reality tasks, inquiry Science Center Italy Sciences  

Minerals, distribution on 
Earth, areas at risk for 
"critical" minerals 

16 years - 3rd 
year of Upper 
Secondary 
School 

Frontal lecture, video viewing, online research on critical 
minerals and their distribution School Italy Natural science 

Molecular biology 15-18 Experiments in laboratory School Italy Science 

The mutual 16-19 

What do we own in common? What do we have in 
common? The concept comes up when we work with 
environmental issues. School Sweden 

Swedish, Communication 
and Journalism, Advertising 
and Information 

Nutrition 11 Mediterranean diet Science Center Italy 
Innovation educational 
activities 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Organization of space and 
geometric locations 14-19 

Construction of cones in the schoolyard where each 
student represents a point School Italy  Mathematics, Physics 

Orientation 15 City School Italy Mathematics and Physics 
Orientation 10-15 Mental paper folding task School Greece Physics, Biology, Geography 
Orientation 11-15 Practice Science Center Italy Mathematics and Sciences 

Orientation 13 
Treasure hunt using compasses - orientation using the 
sun's movement School Greece Physics, Biology, Geography 

Orientation All  

Distinguish where north is and orient yourself on the 
map, learn to distinguish routes and evaluate them, 
regardless of the navigator's indications  Science Center Italy 

Volcanoes, Earthquakes, 
Physics 

Orientation in relation to 
one's surroundings  10-18 Orientation on a map/with a GIS system School Austria English, Geography 

Orientation (spatial) 8-10 
Describe places or corners of the city and verify the 
correctness live Science Center  Italy  Human Body 

Perception of space with 
closed eyes 14-19 

Identification of sound sources with closed eyes and 
with only one ear School Italy  Mathematics, Physics  

Perspective 13-14 
A figure made from cubes; How does the figure look 
from above / below / right / left? School Austria Sport, Mathematics 

Reading maps 14 

Using Google Earth or other online maps: locate a city, 
find its relative position and distance from your city, find 
its geographical coordinates School Greece Physics, Biology, Geography 

Respect for the 
Environment Adolescents 

Through explanations, photos and videos, show the 
environmental damage due to wrong behavior. Science Center Italy Sciences 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Room/ place 18-19 

I work with the concept in connection with literary 
science or literary history. Among other things, students 
can work on describing a room (a scene) as accurately as 
they can. Then you embroider a story based on what is 
in the room. Another variant is that the students 
compare different rooms and draw conclusions based 
on what they see (it is possible to lead the task in almost 
any area). School Sweden 

Swedish, Communication 
and Journalism, Advertising 
and Information 

Scale: atomic distances 
and masses compared 
with visible things 16 

Compare the distance between the electron and the 
nucleus if the electron represents an apple: how far 
away is the apple  from any object in the hometown School Sweden 

Chemistry, Biology, 
Environmental science 

Shape 4-10 Puzzles School Greece Physics Biology Geography 
Shape 10 - 14 Cube Nets: Which of the nets will make a cube?  School Austria Sport, Mathematics 

Shape 10 - 14  
Lines of Symmetry: Find the line of symmetry for a 
shape School Austria Sport, Mathematics 

Shape 10 - 14  
Cube Puzzle: how many cubes are missing to build a full 
cube? School Austria Sport, Mathematics 

Shape 10 - 14  
Shape dictation: Children have to explain a figure (ex. 
dog) made of shapes.  School Austria Sport, Mathematics 

Social awareness All Team building exercises School Austria 
Mathematics, Physics 
(science) 

Spatial coordinates and 
reference system 14-19 

Two/three dimensional Cartesian plane: use of exhibit 
with competition between two students or between 
two teams. School Italy  Mathematics, Physics  

Speed and rate 17 Calculating the rate of some chemical reactions School Sweden 
Chemistry, Biology, 
Environmental science 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

Succession of day and 
night (with respect to the 
angular velocity of the 
earth and the time zones) 

K8 (13y) & K11 
(16y) 

Flipped classroom (videos, images, texts, examples, on-
line time zone calculators etc). In the class, discussion, 
on-line activities School Greece Physics 

Succession of seasons 
(with respect to the 
stability of the axis of 
rotation) 

Κ8 (13y) & K12 
(17y) Direct instruction (videos, images, blackboard) School Greece Physics 

Sustainability 14 Climate change Science Center Italy 
Innovation educational 
activities 

Sustainable development  15 -18 
Construction of an autonomous farm with zero waste 
emission School Italy Mathematics - Physics 

Terrestrial and space 
mobility  15 -18 

Historical study and acquisition of modern physics 
concepts School Italy Mathematics - Physics  

Territory - Natural hazards 13-18 Know and recognize natural hazards Science Center Italy Earth Sciences 

Thematic maps 17-19 

Design an information system to collect and organize 
the data of a thematic map. Create a graphical interface 
for populating, updating and querying the database.  School Italy Informatics 

Tide, coastline, sea level, 
localization 

13 years - 1st 
year of Upper 
Secondary 
School 

Use of the interactive board for related films, discussion 
on experiences, use of tide maps School Italy Natural Sciences 

Understanding of science 
as based on models, for 
democratic access to 
science understanding All Discussions, exercises, experiments School Sweden Chemistry, Technology 

Our place in the Universe 14-18 
Hands-on activity with models and real astronomical 
data  Science Center Italy Astronomy 
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Concept(s)/Skill(s) Age Educational Approach Educators’ 
background: 
Science center/ 
School 

Educators’ 
background: 
Country 

Educators’ background: 
Subject(s) taught (or 
educational activities of 
responsibility) 

The Unknown 16-19 

We work with "the unknown", which sounds more 
pretentious than it is. What does it mean not to know 
what is hidden beyond the known? For example: What 
will the future (our nature) look like if we continue to 
use fossil fuels? Students get to use their imagination 
and see if it becomes a utopia or a dystopia. School Sweden 

Swedish, Communication 
and Journalism, Advertising 
and Information 

Visuospatial skills for the 
deepening understanding 
of Natural Sciences  10-18 

The activity is based on the use of a video game (…) 
which simultaneously offers a playful and an educational 
aspect (…) while playing one learns almost 
automatically. Science Center Italy Earth Sciences 

Volcanic and seismic  risk 15-18 Consultation of catalogs, seismic and volcanic School Italy Science 
Volcano, localization, 
geographical distribution, 
thematic maps, rock 
analysis 

17 years - 4th 
year of Upper 
Secondary 
school 

Lectures, watching films, excursions to volcanic areas, 
analysis of rocks in the laboratory, reading a thematic 
map School Italy Natural Sciences 

Volumes and measuring 
units 11-15 Discovery activity Science Center Italy Mathematics and Sciences 

 
Table 6. Spatial concepts/skills considered important in order to “shape” spatially and environmentally aware future citizens: Suggested educational approaches 
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A few answers obtained have not been included in the table: these proposed concepts/skills 

were not spatial in nature, or did not describe an educational approach, or were designed 

for younger than secondary school age groups).  

5.11 Elements/subtopics considered particularly useful for the development of spatial 

thinking skills in secondary school students 

Educators were also asked to name some elements/subtopics of the subject(s) they teach 

(or the educational activities they are responsible for) which they consider particularly useful 

for the development of spatial thinking skills in secondary school students. To facilitate 

presentation, their proposed elements/subtopics have been grouped by subject below. 

Science (in general) 

• All basic concepts: cell, genetic, ecology, evolution, periodic table, Earth's structure 

• Cartography, construction of 3D models 

• Travel times on means of transport 

• Systematic thinking, as it helps to acquire new techniques in different work 

environment in shorter periods of time. 

• Graph reading, as it is nowadays very useful when working in organisation, 

controlling or analyzing data. 

• Flexible thinking, as in gauging different and new scenarios, comparing to existing 

ones and problem solving. 

• Biology, Nutrition, Communication and interaction among children through theater 

simulations / games to make students more responsible and make any type of topic 

more pleasant and easier to understand 

• Using discovery, “the best detonator for triggering a passion for science in kids.” 

Natural science 

• The study of the morphology of landscapes, their respective characterizations and 

their evolution over time, knowledge of the hydrogeological risk and the areas most 

affected 

• The analysis of volcanic and seismic phenomena, the distribution of the main 

tectonic structures and their correlation with the phenomena indicated, analysis of 

the areas at greatest volcanic and seismic risk; knowledge of the atmosphere and 
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correlations with the climate, natural and anthropogenic influences in the various 

areas of the world regarding climate change 

• Making students reflect on the effects that human activities have on the 

environment. 

Astronomy 

• Understanding Earth’s position in the universe and earth as a (special) planet for life 

Chemistry 

• Models like the atomic model and how it developed through time, depending on 

scientific experiments like Rutherford’s (shooting alpha-particles trough a thin 

folium of gold); letting the students compare and discuss the advantages and 

disadvantages of different models (atomic models, models of molecules, models of 

electron configurations) - how can we explain a microscopic world on a two-

dimensional paper? 

• The understanding of science as based on model development; developing critical 

thinking; understanding the need for access to good data and good model building; 

understanding the risk of bad conclusions based on insufficient data or 

misconception/ ignoring the need for complementary data/complementary 

parameter investigation. 

Earth sciences 

• Knowing natural hazards - Earthquake how and why 

• Geology. The earth as a system. Conscious use of resources 

• In teaching “volcanoes", the use of robot ladybugs to plan an itinerary that must be 

measured and planned; this exercise is very useful for developing learners' spatial 

intelligence. 

Geography 

• Geography (stated generally) 

• Knowledge about the earth and the coordinate system, latitudes, longitudes, 

equator 

• Measuring air pollution in the city 

• Gathering waste to see how much one can find in the city 

• Map quests, reading map signs and translating them into actions in real life 
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• Education about scales in maps 

• Knowledge about the world population and where people live. 

• Political education, economy, environment, health 

• Learning how to use resources wisely and contribute to the battle against climate 

change from an early age 

Human Body 

• Orienting in a large and shared space; reporting the experience of daily life inside a 

museum where students observe and experience what they have studied in books; 

Integrating knowledge and skills 

Physics 

• Physics (stated generally) 

• Mechanics 

• Geography (study of maps): The students learn to reflect the position on the globe 

to a point on the map and to describe the evolution in time of a rotating sphere 

• Circular motion: The students learn to analyse and solve problems that demand 

spatial thinking (e.g. rotating disks, spheres) 

• Rotation of rigid bodies: The students learn to manipulate the law of conservation of 

the angular momentum of an isolated rigid body. This can lead to comprehension of 

the succession of seasons. 

• Map reading, orientation, relative position, relative movement, Earth and moon’s 

movements (day-night, seasons, phases of the moon) 

• Designing and realizing an exhibit for the demonstration of physical laws and 

principles suitable for orienting oneself in space and in historical periods 

• Using digital animations 

• [Proposed with relevance to teaching Physics:] Mathematics (for the use of 

Geometry, representations, graphics, etc.); Art (in paintings: the arrangement of 

objects, perspective, light and shadows); Physics (geometric optics, etc). 

Mathematics 

• Geometry (stated generally) 

• Geometry: spatial coordinates, visibility of objects, generating cracks from objects, 

Boolean operations, space transformations, using computer software 

• Interactive Geometry, dynamic figures 
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• Cuboid; Symmetry axis 

• Origami - students create any geometric or natural shape by folding one or more 

sheets of paper; during construction, spatial orientation and management are 

enhanced; the final product strengthens self-esteem 

Informatics 

• The design of databases for the management and organization of information 

relating to maps or localization systems 

Language/Communication subjects 

• The ability to articulate; Vocabulary - knowing what things are and consist of. 

• Environmental issues and climate change. 

5.12 Teaching strategies suitable for developing students’ spatial thinking skills 

Educators were asked to check, from a list, all the types of teaching strategies which they 

would/do use to develop the spatial thinking skills of secondary school students (Figure 11).  

 

Figure 11. Teaching strategies for developing spatial thinking skills of secondary school students 

 

In order of descending popularity, the teaching strategies chosen were:  

0% 20% 40% 60% 80% 100%

Integration of content (e.g multi-/
inter-disciplinary approach)

Focus on problems

Inquiry

Design

Teamwork

Student-centered

Hands-on

Assessment

“21st century skills” (e. g. creativity, 
innovation, communication) 

What specific teaching strategies do/would you use 
to develop spatial thinking skills of secondary school 

students? 
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• Focus on problems (70% of educators) 

• Teamwork (68%) 

• 21st century skills, e.g. creativity, innovation, communication (59%) 

• Integration of content, e.g. multi-/inter-disciplinary approach” (57%) 

• Design (43%)  

• Hands-on (41%) 

• Inquiry (30%) 

• Student-centered” (24%).  

• Assessment” (11%).  

5.13 Teaching tools suitable for developing students’ spatial thinking skills 

Educators were asked to check, from a list, all the types of teaching tools which they 

considered suited for developing students’ spatial thinking skills (Figure 12).  

 

Figure 12. Teaching tools suited for developing suited students’ spatial thinking skills 

 

In descending order, from the most to the least proposed, the tools selected were: 

• Maps, graphs, diagrams, images (86% of educators) 

• Physical models (70%),  

• Simulations (68%),  

• Software, e.g. Geographic Information Systems) (59%)  

• Measuring instruments, e.g. for surveying (57%). 

0% 20% 40% 60% 80% 100%

Physical models

Maps, graphs, diagrams, images

Measuring instruments (e.g. for surveying)

Software (e.g. Geographic
Information Systems)

Simulations

What kind of teaching tools do you think are suited  
for developing students’ spatial thinking skills? 
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Asked to elaborate on their choices, some educators noted that all of the teaching tools 

suggested are important and “can contribute to greater awareness that behaviors of 

individuals are crucial for the future of the planet”, can help individual students “develop 

spatial skills in response to different needs of the students and situations that the student is 

analyzing”, “could apply in different contexts, design, situations” and that “an integration of 

different systems is sought”. Some educators elaborated on the different potential 

associated with the use of various tools. Images, maps and simulations were mentioned by 

several educators as valuable in helping students develop mental pictures of abstract 

concepts; one educator also suggested that through maps/diagrams/images, learners can 

“place” themselves in space, another that simulations promote student engagement. One 

educator commented on the relative merits of models, graphs and simulations, stating that 

models can be touched, felt and manipulated but are limited in their usability, graphs are 

useful if learners have practiced using them, simulations are useful “for things that cannot 

be brought into the classroom” and measuring instruments “for things that cannot be 

felt/seen”. A school educator in Geography commented that maps are the “main entrance” 

to the subject and should always be used, also that “models connected to maps are a useful 

combination”. Another Geography educator offered that “the physical model, or, in its 

absence, the physical map, should be the premise for the creation of digital models”, 

whereas measuring instruments are important for the representation of reality to scale.  

A science center educator teaching the subject of the Human Body mentioned that reading 

diagrams and moving through maps are “skills required by all activities which adolescents 

carry out in their daily lives”. Finally, a school Educator in Chemistry, Biology and 

Environmental Science proposed using “the old fashioned ways first”, such as experience 

through physical models and outdoor activities and then modeling reality in the classroom, 

using software. 

Experience of previous successful use may be a factor affecting the choice of teaching tools; 

one educator justified the choice of simulations and maps/graphs/diagrams/images by 

stating that “the above have been tried, with good results”.  A point to note, perhaps 

related, but not possible to investigate further in the context of this survey, is that there may 

be different views among educators relevant to the use of software, and possibly, innovative 

tools in general, for educational purposes. Whereas, for example, a Science Center educator 

in the Earth Sciences stated that “it is important that knowledge is always accompanied by 

cutting-edge tools to create greater appeal for students”, a Science Center educator in 

Mathematics and the Sciences stated that “Information Technology tools are useful for 
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those who already know how to use them and are now very intuitive, so I prefer the use of 

Emma Castelnuovo's dynamic figures (and solids) which, despite being designed in the 40s, 

are incredibly relevant today”. Futhermore, as seen above, the educators’ preferences for 

visual material, such as maps, graphs, diagrams and images are considerably higher than 

that for software (for example, Geographic Information Systems, which could, perhaps, 

potentially have a role pertinent to that of maps). 

Finally, a few educators suggested additional tools (to the ones proposed by the question) as 

useful for developing students’ spatial thinking skills; suggestions included various 

instruments available at the school, exhibits made by the learners, video, dynamic figures, 

applications for use with mobile devices, designing a Geographic Information System with 

specific features instead of using one, as well as “more collaboration with external entities”. 

5.14 Information and Communication Technology tools and resources for developing 

students’ spatial thinking skills 

Educators were asked to check, from a list, all the types of Information and Communication 

Technology tools which, in their view, could help secondary school students develop their 

spatial thinking skills (Figure 13).  

 

Figure 13. ICT tools and resources helping students develop their spatial thinking skills. 

 

Three educators did not answer the question. Of the ones that did, the ICT tools of choice 

(Figure 14), were, in descending order:  
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• Navigation and location apps (82% of responses) 

• Online maps and other visualizations” (also 82%) 

• Satellite images (76%) 

• GPS devices (73%) 

• Geographic Information Systems software (58%)  

• Other (6%), explained as “hands-on educational and laboratory equipment”. 

 

Figure 14. ICT tools and resources which can help secondary school students develop their spatial 
thinking skills (Educators’ questionnaire) 

5.15 Educators’ proposals for open educational resources/tools relevant to cultivating 

spatial and environmental awareness 

Questioned, educators proposed the following open educational resources/tools relevant to 

cultivating spatial and environmental awareness as potentially useful to other educators: 

• PhET Interactive Simulations for Science and Math (mentioned by several educators) 

• Actionbound 

• Austrian Map Fly 

• GAM 

• GeoGebra Math Apps 

• Google Earth 
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• Google Maps 

• Kahoot! 

• LearningApps.org 

• LEIFIphysik 

• OpenStreetMap 

• QGIS 

• Resources developed in the framework of the Space Awareness project 

• Socrative 

• XSection. 

It should be noted that additional open resources have been included in responses to other 

questions in the survey, for example, Nanoreisen, as well as resources developed by the 

Responsible Research and Innovation and the Space Awareness  projects. 

5.16 Educators’ proposals for activities in the Arts component of STEAM 

In the final question, educators were asked to provide some input/ideas relevant to the Arts 

aspect in STEAM (Science, Technology, Engineering, Arts, Mathematics). Some educators 

gave general answers. For example, one educator stated that Arts are highly important but 

understanding the “grammar” of the Arts is a long-term process, with some subjects being 

more suitable than others for such experience and learning. Another educator answered 

that “Art is always in science” (shape, geometry, etc.). Other educators proposed specific 

relevant educational activities: 

• Having learners map their neighbourhood, mark on the map the spaces intended for 

young people and make a relevant planning proposal 

• Making beautiful/illustrative maps 

• “Scientific” Psychogeography activities  

• Reproducing a famous painting, paying attention to the location  

of people/objects and light source/ shadows 

• Shaping spatial objects, drawing with different angle of views 



 

Cross-cutting geospatial and environmental STEAM instruments for the new generation 
Project Number - 2020-1-SE01-KA201-077972 

• Engineering 

• Architecture/ drawing figures using a computer 

• Combining technical and creative subjects to fascinate learners, using divergent 

thinking to find as many solutions as possible to a problem, looking at reality from 

multiple points of view; for example, teaching mathematics through music  

• Making science videos, for instance, for the social media 

5.17 Conclusions 

The survey implemented was successful in enlightening the GOSTEAM consortium as to the 

current state-of-the art in cultivating spatial and environmental awareness in educational 

institutions participating in the project consortium and beyond. Insights were gained as to 

the relevant courses taught and educational activities implemented, the problems 

encountered by educators in practice, as well as their current use of pedagogical strategies, 

various aspects of teaching and learning, and types of educational resources. The transfer of 

knowledge and expertise from universities and research centers to secondary schools was 

another topic investigated, both with regard to the present state and to educators’ 

expectations from collaboration in the context of this project. Attention was also paid to 

researching the present state and desired actions with regard to addressing the gender gap 

in STEM, with educators proposing several ideas on how this project could contribute in this 

direction. Finally, the survey generated a first corpus of proposed spatial concepts/skills, 

suggested educational approaches, pedagogical strategies, tools and resources for next 

stages of the project, as well as a set of creative ideas on how to integrate the Arts in 

educational activities. 
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Annex A.1 

The GOSTEAM Questionnaire for school representatives (in English) 

Annex A.2 

The answers of the school representatives to the GOSTEAM Questionnaire  

Annex A.3 

The GOSTEAM Questionnaire for school teachers (in English) 

Annex A.4 

The answers of the school the school teachers to the GOSTEAM Questionnaire  
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