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EXECUTIVE SUMMARY

The GOSTEAM project (2020-2023) aimed at designing, implementing and evaluating educational
hands-on STEAM (Science, Technology, Engineering, Arts, Mathematics) 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. The project
addressed the need to connect the curricula with real-life and day-to-day issues by designing,
implementing, and testing educational activities, which deal with real problems and challenges
important for our future, such as climate change, poverty, food security, energy, management of
natural resources, natural hazards, and demographic dynamics.

Methodologically, GOSTEAM drew the attention of students to spatial topics by simulating the work
of the researcher in the classroom, endorsing a better understanding of spatial sciences, and
promoting inquiry-based science teaching and learning.

More than 40 hands-on activities were developed using common templates for formal (school) or
informal (science center) educational environments. Half of these activities were implemented in
four European countries (Austria, Greece, Italy, Sweden).

The assessment of the GOSTEAM Approach included: a) the formulation of an Evaluation and
Validation Plan outlining the methodology to be followed for all evaluation activities; b) the
development of a set of Evaluation and Validation Tools; c) the implementation of Evaluation and
Validation Activities and; d) the elaboration of an Assessment Report, recording and communicating
the results of validation and evaluation.

The Evaluation and Validation tools aimed to allow the realisation of a two-fold research into the
project’s impact, based on a qualitative and a quantitative approach. Qualitative analysis focused
mainly on identifying behaviour patterns and significant changes on the teachers’ practices as a
result of project activities. Quantitative analysis focused on the exploitation of datasets, providing a
common basis for cross-references and comparisons in order to assess the impact of the
implemented activities and the effectiveness of the proposed educational design. The GOSTEAM
approach as educational practice was validated at two levels: student and educator.

The validation results of the implemented scenarios within the consortium, both by students and by
educators, highlighted the educational value of the implemented scenarios in terms of students’
knowledge acquisition, interest, enjoyment, and geospatial and environmental awareness.
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PART 1
ABOUT THE GOSTEAM PROJECT

1. Introduction

The GOSTEAM project was implemented by six partners from four European countries over the
course of three years (01/09/2020 - 31/08/2023) and funded by the European Commission under
the Erasmus + Programme Key Action 2: Cooperation for Innovation and Exchange of Good
Practices.

The project aimed at designing, implementing, and evaluating educational hands-on STEAM
(Science, Technology, Engineering, Arts, Mathematics) 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.

GOSTEAM addressed teachers/educational staff, as well as secondary education students,
cultivating students’ cognitive abilities and skills, such as problem-solving and critical thinking, in
the interdisciplinary context of environmental literacy and global awareness.

1.1 The GOSTEAM consortium

The GOSTEAM strategic partnership brough together six partners from four different European
countries with a good thematic and geographic distribution. Three partners were secondary
education schools, one partner a public Science Centre, and the two remaining partners university
institutions active in the field of geographic information science, geography, and environmental
science.

Secondary education schools:

e Ellinogermaniki Agogi
Pallini Attikis (Greater Athens Area), Greece

e Bundesgymnasium und Bundesrealgymnasium Schwechat (BG/BRG Schwechat)?
Schwechat (Greater Vienna Area), Austria

e Ystad Gymnasium?
Ystad, Sweden

Science Centre:

e Fondazione Idis-Citta della Scienza*
Naples, Italy

! https://www.ea.gr/

2 https://www.bgschwechat.ac.at/
3 https://www.ystadgymnasium.se/
4 http://www.cittadellascienza.it/
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Universties and departments:

e Lund University, Department of Physical Geography and Ecosystem Science®
Lund, Sweden

e The National University of Athens, School of Rural, Surveying and Geoinformatics
Engineering®
Athens, Greece

The project was coordinated by Lund University, Sweden, and consequently administered by the
Swedish Council for Higher Education (Universitets- och hdgskolerddet- UHR)’.

1.2 Project objectives and structure

The aim of GOSTEAM was 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. In addition, GOSTEAM intended to:

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

b) apply, in and outside the classroom, research methodologies and new technologies that
tackle complex geospatial problems related to e.g.:

e The production of innovative mapping products from remote sensing platforms and
advanced sensors;

e Spatial data collection using GPS receivers for geolocating, measuring distances, speed
and acceleration, and for monitoring change over time;

e Conducting projects that collect and combine data, analyse and visualise them using
free/ open source Web Cartography and Geographic Information software and
systems.

GOSTEAM addressed the need to connect the curricula with real-life and day-to-day issues by
designing, implementing, and testing educational activities, which deal with real problems and
challenges important for our future, such as climate change, poverty, food security, energy,
management of natural resources, natural hazards, and demographic dynamics.

The GOSTEAM project brings positive and long-lasting results on two axes. The first axis addresses
participating organisations, teachers and other educational staff (Science centres). The second axis
refers to students themselves, through:

a) implementing specially developed hands-on STEAM activities and
b) gaining insights on how new Information and Communications Technologies (ICT) operate
and how they help us understand geospace and its phenomena.
The project was implemented primarily around:

e Intellectual Outputs - tangible deliverables such as curricula, pedagogical and youth
work materials, open educational resources, analyses/studies etc.

> https://www.nateko.lu.se/
6 https://www.survey.ntua.gr/
7 https://www.uhr.se/en/start/
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e Multiplier events - national and transnational events, conferences, seminars, to
sharing and disseminating to a wider audience the intellectual outputs realised by the
project.

1.3 Key outcomes and deliverables of the GOSTEAM project

The tangible deliverables of the project are structured around four main groups of activities
(Intellectual outputs/I0).

All deliverables are publicly and freely available on the GOSTEAM project
website: https://gosteam.eu/

101: The Conceptual Framework: activities revolved around the development of a conceptual
framework for the design, implementation, and evaluation of educational hands-on STEAM
activities for secondary education students, in the fields of Geographic Information Science and
Technology, Cartography, and Environmental Science.

Project reports and resources:

1. Guidelines and best practices for incorporating spatial thinking in STEAM education:
A report with the analysis of 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. 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.

2. Spatial thinking and STEAM resources and tools for learners:
A collection of over 40 exemplary open educational resources and tools specially
developed for young learners that enhance spatial abilities.

102 Methodology: activities targeted the development a pedagogical framework to introduce the
essential strategies for the design of hands-on STEAM activities and teaching practices for the
effective cultivation and combination of STEAM and spatial thinking.

Project reports and resources:

3. Userrequirements:
A report with the findings of a needs analysis highlighting what the GOSTEAM
approach should accomplish to fulfill the requirements of the educational community
and their students.

4. Pedagogical framework:
A report describing the context and proposed methods for the educational hands-on

STEAM activities developed through the project.
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103 Educational Resources & Piloting Activities: activities targeting the design and development

of new educational modules in the form of hands-on spatial thinking and STEAM activities.

Project reports and resources:

5.

GOSTEAM hands-on activities
A compilation of over forty, ready-to-use hands-on activities designed to enhance
spatial abilities and boosting STEAM attractiveness, taking into account findings and
results of the project’s user requirements and pedagogical framework.

An implementation plan:

A report describing the process applied for the involvement of the school communities
and the science centre, and also defining the mechanisms applied to monitor, guide
and support project participants with the implementation.

Training and support materials:

Digital guidelines and other support material related to specific tools and/or resources
promoted in the GOSTEAM project.

104 Assessment of the GOSTEAM Approach: a set of activities oriented to validate the GOSTEAM

approach as educational practice, i.e., the educational design, the methodology, and the formation
and implementation of the educational hands-on STEAM activities.

Project reports and resources:

8.

9.

Evaluation and Validation Plan:

A report outlining the methodology for evaluating the impact of the approach on
students’ interest in STEAM, the usability of the designed hands-on activities, and the
effectiveness of the proposed educational design.

Evaluation and Validation Tools:
A set of specific evaluation and validation tools, based on a qualitative and a
guantitative approach, proposed for different types of GOSTEAM activities (online
presence, implementation of educational activities, multiplier or other events).

Questionnaire templates for completion by students, educators, event participants
and organisers were developed, as well as a list of proposed topics for round table
discussions held during GOSTEAM events.

10. An assessment report:

A report with a detailed description of the evaluation and validation process along
with results and outcomes.
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PART 2
SPATIAL THINKING AND STEAM EDUCATION

2. Spatial thinking and STEAM education: exploring the current state of
affairs within the consortium

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: [flostering 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). 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 has targeted on designing, implementing, and evaluating 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. To this end, upon the project’s initiation, a small-scale survey to reveal the state-of-the-
art in spatial and environmental education of secondary school students has been undertaken
within the GOSTEAM partnership. In the sections that follow, 2.1-2.4, we provide general
information on theoretical aspects of spatial thinking and its importance to STEM disciplines, while
in section 2.5 we highlight the findings of the survey.

2.1 The width and breath of spatial thinking

Several concepts are related to spatial thinking, such as spatial sense, spatial literacy, spatial
abilities, spatial knowledge and spatial perception.

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:
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e understand and remember the spatial relationships among objects
e manipulate images in space
e visualize how separate parts of complex physical systems interrelate

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

e thinking geometrically;

e imaging complex spatial relations at various scales, from national urban systems to
interior room designs or tabletop layouts;

e recognizing spatial patterns in distributions of functions, places and interactions at a
variety of different scales;

e interpreting macro-spatial relations such as star patterns;

e giving and comprehending directional and distance estimates as required by navigation,
or the path integration and short-cutting procedures used in way finding;

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

o 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 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.

2.2 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.
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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 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, & Benbow, 2009). The following Section further analyses
the strong connection of spatial thinking and STEM.

2.3 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
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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 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):

e Students spatial skills predict future success in STEM
e Intentional training can improve spatial thinking.
e The improvement of students’ spatial skills has positive educational effects on STEM .

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)

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 et al., 2013) considering a wide range of spatial training
interventions, from explicit instruction and courses to playing video games and 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.

2.4 The gender gap in STEM and in spatial skills

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
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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 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 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.

2.5 State-of-the-art in spatial and environmental education of secondary school students: a
survey within the consortium

As part of the exploration of the state-of-the-art in spatial and environmental education of
secondary school age students with the GOSTEAM consortium member-states, a small-scale
survey has conducted to:

e inform the GOSTEAM consortium on the current educational state and practice in
secondary schools and science centers operating in GOSTEAM consortium member-states,

e 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. Overall, 8
responses from school and science center representatives were received, while 37 school and
science center educators participated in this survey. The following paragraphs highlight the most
important survey findings:

2.5.1 Cultivation of spatial and environmental awareness/skills in secondary school students

e The representative of Ystad Gymnasium (Swedish school) stated that not all secondary
school students have to take the course in Geography; however, all students have to study
the subject of Natural Science. The subject of Natural Science is taught to small groups of
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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 endeavors.

e The representative of BG/BRG Schwechat (Austrian school) reported that spatial thinking
is taught 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.

e The representatives of Ellinogermaniki Agogi (Greek school) 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. 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. 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”.

e The representative of Citta della Scienza (Italian science center) 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).

2.5.2 Obstacles encountered by educators in cultivating spatial and environmental
awareness/skills of secondary school students

Four major obstacles have been identified by educators presented in terms of descending
importance/severity

1. Pressure to prepare students for exams and tests
School time organization (fixed lesson time, rigid curriculum etc.)

3. Administrative constraints in accessing adequate content/material for teaching and Lack
of adequate teachers’ training; (tie)

Other obstacles such as School space organization (classroom size and furniture, etc), Insufficient
pedagogical support for teachers, Budget constraints in accessing adequate content/material for
teaching have also been mentioned but not rated as severe as the previous four.
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2.5.3 Transfer of knowledge and expertise from universities and/or professionals to
secondary school education

Concerning the transfer of knowledge and expertise from universities and/or professionals to
secondary school education differs among institutions and countries. Only Ystad Gymnasium has
close collaboration with the university, providing students with the opportunity to participate in
lectures and conduct laboratory work. At the other end of the spectrum, BG/BRG Schwechat,
Austria, has no cooperation with universities or professionals. Finally, both Ellinogermaniki Agogi,
Greece and Citta della Scienza, Italy evaluated the present state as being “good” with room for
improvement.

2.5.4 Addressing 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.

e 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.

e 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.

e Representatives from Ellinogermaniki Agogi, Greece, were not aware of any official
bodies/policies addressing the gender gap in STEM.

e The representative of the Italian science center Citta 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”.

Respondents 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. Educators offered specific practical measures to
help address the gender gap in STEM, presented below:

e Proposing female role models; working with female professors and researchers, organizing
discussions and workshops with women from the research word, informing students of
female Nobel prize winners

e Encouraging girls to pursue STEM studies and careers; not discriminating against girls
when, for instance, carrying out technical activities in the school

e Using multi-approach design and multidisciplinary activities

e Adopting a laboratory approach; organizing more hands-on workshop and outdoor field
activities; showing real life applications to raise interest; stimulating curiosity by
“communicating that understanding the physical world we live in is one of the keys to
living better”
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e 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.

e 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.

2.5.5 Use of pedagogical approaches

Respondents to the questionnaire for school and science center educators were presented with a
list of pedagogical approaches with their brief descriptions (12 in total) and were asked which
pedagogical approaches they use in their teaching and to what extent (“Not at all” = 0, “A little” =
1, “To some extent” = 2, “A lot” = 3). Weight assignment results in the following weighted average
scores on a scale of 0 to 3 for different pedagogical approaches (the four most used are shown in
descending order):

1. Traditional direct instruction (Lectures are focused on the delivery of content by the
teacher and the acquisition of content knowledge by the students)

2. Teaching with experiments (Experiments are used in the classroom to explain the subject
matter) and

3. Collaborative learning (Students are involved in joint intellectual efforts with their peers or
with their teachers and peers); tie

4. Project-/Problem-based approach (Students are engaged in learning through the
investigation of real-world challenges and problems)

Other approaches in the list given to survey participants such as Integrated learning, Differentiated
instruction, Inquiry-based learning, and Personalized learning did not make it into the top four.

2.5.6 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; 17 in total. They were asked to what extent do they
use each of these (with or without Information Communication Technologies) when teaching.
Again, weight assignment to the responses 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):

1. “l present and explain ideas to the whole class”
“I use different types of materials (visual, audio, written)” in my classes/ educational
activities

3. “Students discuss ideas with other students and the teacher”
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“I support and explain things to individual students”

“| give feedback to my students during a learning activity

“Students work in groups, with well-defined tasks”

“l use content from different subjects to explain concepts”

“Students work collaboratively, working together to find solutions to problems”

© N ook

The experimental aspect of teaching and learning exemplified by the following statements:
“Students conduct experiments” and “Students conduct their own study and research activities”
did not make it to the most used.

2.5.7 Use of different types of learning resources

Respondents to the questionnaire for school and science center educators were asked to indicate
the extent to which they use each of a list of types of learning resources/materials (12 total).
Again, weight assignment to the responses 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
Paper-based materials
Presentations, e.g., MS Power Point, Libre Office Impress, Sway

Eal

E-books and online resources

Surprisingly enough, STEM-specific software, e.g., Geogebra, Function Plotter was ranked 8th in
the list of the most used.

2.5.8 Spatial concepts/skills considered important in order to “shape” spatially and
environmentally aware future citizens

We asked 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. More than 80 spatial concepts/skills have been proposed, the most popular being climate
change (9 respondents), orientation (8 respondents) and shape (5 respondents).

2.5.9 Courses, topics/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. Results align fully with sections
2.1 and 2.2 highlighting the interdisciplinary character of spatial skills and their importance across
the curriculum. Educators listed Science (stated generally), Natural Science, Astronomy,
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Chemistry, Earth Sciences, Geography, Human Body, Physics, Mathematics and Geometry,
Informatics, and Language/Communication subjects.

2.5.10 Teaching strategies suitable for developing students’ spatial thinking skills

Educators were asked to check, from a list of items, all the types of teaching strategies which they
would/do use to develop the spatial thinking skills of secondary school students. In order of
descending popularity, the teaching strategies chosen were:

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%)

Eal o

While Design, Hands-on, and Inquiry follow but do not make it to top four.

2.5.11 Teaching tools suitable for developing students’ spatial thinking skills

Educators were asked to check, from a list of 5 items, all the types of teaching tools which they
considered suited for developing 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%).

e W e

2.5.12 Information and Communication Technology tools and resources for developing

students’ spatial thinking skills

Educators were asked to check, from a list of 6 items, all the types of Information and
Communication Technology tools which, in their view, could help secondary school students
develop their spatial thinking skills. The ICT tools of choice, were, in descending order:

Navigation and location apps (82% of responses) and

Online maps and other visualizations” (tie)

Satellite images (76%)

GPS devices (73%)

Geographic Information Systems software (58%)

Other (6%), explained as “hands-on educational and laboratory equipment”.

ok wNeE
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2.5.13 Educators’ proposals for open educational resources/tools relevant to cultivating
spatial and environmental awareness

When questioned, educators proposed several open educational resources/tools relevant to
cultivating spatial and environmental awareness. The list includes: PhET Interactive Simulations for
Science and Math (mentioned by several educators), GeoGebra Math Apps, Google Earth/Google
Maps/OpenStreetMap, QGIS, and Kahoot! Among others.

2.5.14 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). These are the proposed
specific relevant educational activities:

e Having learners map their neighbourhood, mark on the map the spaces intended for
young people and make a relevant planning proposal

e Making beautiful/illustrative maps

e “Scientific” Psychogeography activities

e Reproducing a famous painting, paying attention to the location of people/objects and
light source/ shadows

e Shaping spatial objects, drawing with different angle of views

e Engineering

e Architecture/ drawing figures using a computer

e 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

e Making science videos, for instance, for the social media

2.5.15 Discussion

The survey (its full results can be found in 101/A1 Guidelines and best practices for incorporating
spatial thinking in STEAM education) was helpful 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,
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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.

All findings of the survey have been taken into consideration when (a) proposing Spatial Thinking
and STEAM resources and tools for learners (I01/A2), (b) establishing the pedagogical framework
(102/A2) in the context of GOSTEAM, and (c) developing the GOSTEAM hands-on
activities(103/A1).

2.6 Summary and conclusions

This section of the Handbook has shown how the Consortium succeeded in setting guidelines and
best practices for incorporating spatial thinking in STEAM education by adopting the findings of the
state-of-the-art survey for enhancing spatial and STEAM abilities of young people. This line of
action has been followed in the implementation of almost all Intellectual Outputs of the project.

Moreover, the Consortium has delivered into the outcomes of several European projects that have
highlighted the need to foster spatial thinking skills through the curriculum especially in relation to
STEM and later on to STEAM disciplines. The consortium has focused on projects that have been
dealing with specific age groups, mostly secondary education pupils (12-18 years old) such as
iGuess8, (2008-2010), SPACIT9 (2011-2014), ENABLE10 (2014 - 2017), Gl Learner11 (2015-2018),
GEOTHNK (2013-2015), and VISTE12 (2016 — 2019). The last two being more accessible to the
partnership, since NTUA has coordinated both. Finally, existing spatial thinking initiatives in
educational systems have been examined to provide insights on how to enhance spatial skills in
the context of GOSTEAM. To mention some of them, the Australian ScOT (Schools Online
Thesaurus - 2014)13 and the American TeachSpatial Resources for Spatial teaching and learning.
(2011)14 both repositories for spatial concepts used in Education and for educational resources.
To have a complete perspective of the scrutiny of existing approaches in spatial thinking and its
role in formal education systems the reader can refer to I01/A1 Guidelines and best practices for
incorporating spatial thinking in STEAM education.

8 http://www.iguess.eu/

9 https://spatialcitizenship.org/

10 https://enable-project.eu/

1 http://www.gilearner.eu/

12 http://visteproject.eu/

13 http://scot.curriculum.edu.au/index.html
14 http://teachspatial.org/
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PART 3
THE GOSTEAM APPROACH

3. The GOSTEAM Approach

This section summarises the Pedagogical Framework underlying the services and activities of the
GOSTEAM project and the main pedagogical approaches behind it. The GOSTEAM Pedagogical
Framework is the outcome of desk research and consultations within the GOSTEAM consortium
that took place in the first year of the GOSTEAM project, setting the ground for the consequent
phases. It provides the conceptual framework and agenda for the development of the GOSTEAM
educational environment, and the scenarios of its use, trial and validation in real-life settings.

The detailed Pedagogical Framework developed by the GOSTEAM consortium is available as a
stand-alone report?®.

Work conducted towards the design of the GOSTEAM Pedagogical Framework aimed at
investigating the pedagogical issues arising out of the project’s intention to design, implement, and
evaluate blended innovative educational approaches and digital tools that provide interactive,
experiential learning, towards spatial thinking and environmental education, and integrate within
the curricula. Incorporating the terms of spatial analysis, environmental science and climate
change into the curriculum requires systemic thinking and interdisciplinary approaches,
demanding in parallel for pedagogical innovations that support transformative, and real-world
learning. The key idea is to enhance students’ competences for a sustainable future of the
knowledge society, following the evidence to make decisions using the transformative power of
digital technologies and ICTs. Hence, it is a matter of paramount importance that students study
specific real-world problems affecting their daily lives in order to be able to tackle big challenges at
a local and regional scale. Consequently, for the GOSTEAM project, there are some concrete
goals/objectives based on the need to increase deeper knowledge, competencies and awareness
in the educational community. The key goal is that the students build an interdisciplinary, holistic
picture of selected phenomena linked to students’ communities and interests.

Based on this pedagogical framework, a series of school-based activities; presentations and
workshops; summer schools; training courses and demonstrations at teachers’ training centres;
training seminars and science center-based activities; took place to demonstrate and validate the
proposed approach and the GOSTEAM tools/resources by all stakeholders.

3.1 Pedagogical Principles

The GOSTEAM pedagogical framework is based on the Whole School Approach that embeds four
main pedagogical approaches, the Inquiry /Project-based learning and the Design-based Research
for classroom projects & activities, the Coding/Engineering & Spatial skills approach for

participating in STEM activities such as analysing data from satellite images with the help of digital

Bhttps://gosteam.eu/wp-content/uploads/2023/10/GOSTEAM pedagogical framework-final.pdf
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tools and the Teachers Training approach implemented with teachers that are willing to bring
GOSTEAM in their class and promote the students 21 Century Skills.

The framework aims to provide instructions on how to integrate into the curriculum real-problems
examination and materials that make use of digital content and technologies while proposing
innovative teaching strategies based on phenomena, project- and inquiry-based approaches and
STEAM hands-on activities.

Following the WSA model, the GOSTEAM approach takes into account:

e School practices, by developing educational scenarios that allow students to experiment
with activities that prioritize environmental learning (e.g. the Wind Farm scenario)

¢ Inquiry-based pedagogy mixed along with the design for change process, Coding & Spatial
Analysis where both project-based learning and collaborative learning are promoted

e Current curricula in the 4 partner’s 4 participating countries as all activities are designed to
follow the school’s analytical program

e Teachers professional development for introducing spatial skills in schools via the usage of
digital tools in class

e Connection of schools to the local community by working together or dissemination
sustainability challenges within the school-society environment.

3.2 GOSTEAM educational scenarios

Geospatial concepts and spatial abilities are presented analytically in the GOSTEAM Report
“Guidelines and best practices for incorporating spatial thinking in STEAM education”*®

GOSTEAM developed two templates, publicly available!” for designing a Hands-on Activity in a
formal (school) or informal (science center) educational environments. In these templates, spatial
concepts and spatial skills are included in the scenario’s metadata section allowing for teachers to
be informed about these spatial concepts and skills that each scenario promote and to also take
into account when designing their own scenarios.

Spatial concepts were matched with geographic educational needs by clustering them in five
categories, from basic concepts called primitives to complex.

16 http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 Al final.pdf
17 https://gosteam.eu/outcomes/
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Spatial concepts, skills and abilities:

Which spatial concepts and skills are covered by the activity?

Spatial concepts:

Primitives: |dentity/Name |:] Location |:| Space/Time D

Simple: Distance D DirectionD Connectivitylj Movement D
Boundary [] Shape/Area [ ] Adjacency []

Difficult: Overlay[] Buffer ] Topology[] Coordinate [ ]

Map[] Scale [] Shortest Path [] Navigation [l
Surface[]  Slope/Gradient[ ]  Aspect[]  Contour[]

The list of preselected spatial skills within each scenario’s metadata are:

e Map literacy

e Navigation/orientation

e Estimating distances and directions

e Recognizing and understanding patterns/Understand and identify models of spatial
organization

e Select an ideal location based on the given spatial features

e Visualization

e Understand and identify spatial correlations/dependencies

e Categorize spatial entities/geographic features and identify hierarchies

e Compare spatial entities and draw analogies among them

e |dentify/determine connections/relations

e Understanding scale in space and time

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

A short description of the aforementioned skills is necessary for the educator to understand its
connection to the school curricula and to the learning outcomes of each educational activity. This
description is included in each Scenario Template:

e Map literacy: Using, interpreting/understanding, learning from, and communicating
acquired spatial knowledge from maps, comprehension of geographic features
represented as points, lines, or polygons.

e Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and
giving walking and driving directions.

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

e Recognizing and understanding patterns/Understand and identify models of spatial
organization: Delineation of spatial regions/zones based on given features/properties:

Regionalization processes, pattern recognition and clustering identification in the 2d
and/or the 3d world.

e Select an ideal location based on the given spatial features: Single or multi-criteria siting
and optimal areas identification.
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e Visualization: Visualizing spatial entities from written/oral verbal descriptions, from their
2d or graphical representations or through mental transformations; such as axis rotation
or perspective taking.

e Understand and identify spatial correlations/dependencies: The ability to realize, identify
and explain patterns, clusters and relevant spatial dependencies.

e Categorize spatial entities/geographic features and identify hierarchies: Identify the
hierarchical form of data and gradients between spatial entities.

e Compare spatial entities and draw analogies among them: Calculate and compare
different geometric objects’ shapes, area and boundaries.

e |dentify/determine connections/relations: The ability to identify links and common
characteristics among spatial entities and between humans and spatial entities.

e Understanding scale in space and time: The understanding of changes/transitions through
space and time for different spatio-temporal scales.

See Annex 1 for the list the scenarios developed using the GOSTEAM templates.

3.3 Geospatial tools

GOSTEAM undertook a study aimed at collecting exemplary open educational resources and tools
specially developed for young learners addressing the knowledge and skills necessary to enhance
spatial abilities and foster both success and participation in STEAM disciplines. These resources
and tools constitute an important educational toolkit to assist young people in using open access
educational resources, to teach them spatial and other STEAM concepts, and engage them in
playful learning in order to boost their interest in STEAM disciplines and careers. Moreover, the
aim was to inform teachers on the availability of such resources already used in other educational
systems and practices, upon which teachers can built upon to develop new hands-on activities for
their students.

The detailed report on “Spatial Thinking and STEAM resources and tools for learners” developed
by the GOSTEAM consortium is available as a stand-alone report*®. This report includes also
descriptions and pathway ideas on how the open spatial resources and tools may be used.

See Annex 2 for the list of open spatial resources and tools identified and considered by the
GOSTEAM project.

18 http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 A2 final.pdf
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PART 4
IMPLEMENTATION

4. Implementation of GOSTEAM educational scenarios

GOSTEAM drew the attention of students to geospatial topics to reinforce the development of
their key competences and increase the levels of achievement and interest in STEAM. The
students’ active involvement and direct interaction with geospatial sciences played an essential
role in the pedagogy that GOSTEAM aimed to introduce.

The developed activities followed three main lines of action:

1. pedagogical research and design,
2. transfer of academic knowledge and research expertise in secondary education, and
3. inand outside the classroom implementation and validation activities.

Methodologically, GOSTEAM drew the attention of students to spatial topics by
simulating the work of the researcher in the classroom, endorsing a better understanding
of spatial sciences, and promoting inquiry-based science teaching and learning. The
GOSTEAM approach aimed to foster an open relation between academic knowledge and
research practices with secondary education by applying formal and informal research
methodologies and new technologies that tackle complex geospatial problems related to
STEAM. Moreover, the implemented activities promoted science teaching and learning as
a process of inquiry as well as technological thinking as a process of problem solving to
bring “cutting-edge” science to school and increase students’ interest and attainment in
STEAM.

The implementation of GOSTEAM educational activities aimed to:

e Promote interest and involvement in STEAM subjects by presenting real life applications
and problems relevant to young students. For example, students identified suitable areas
for Offshore Wind Farms using multi-criteria and spatial analysis operations, they
designed, tested, analysed, and adapted PET-powered / compressed air rockets and
determined flight altitudes, and they learned how to interpret satellite imagery and
recognize changes, like urban growth, glacier retreat and deforestation.

e Showcase the multidisciplinary, integrated nature of spatial knowledge. The model
training resources, in the form of hands-on STEAM activities covered the whole range of
STEAM subjects and referred to complex, multidisciplinary problems that combined
knowledge and concepts from different subjects. For example, the scenario “Exploring the
Eurostat — Statistical Atlas: Environment and natural Resources” scenario involved
knowledge from Geoscience, Environmental Science, and Mathematics. The mirror
anamorphosis scenario involved knowledge from Physics and Art.

e Address various spatial concepts ranging in complexity from primitive (e.g., location) to
simple (e.g., distance, direction, etc.) to difficult (e.g., map, navigation, coordinate
systems), to complex (e.g., map projection). Different scenarios addressed different spatial
concepts. For example, the Google Maps orientation scenario addressed concepts such as
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e |ocation, distance, direction, movement, coordinates, maps, shortest path, and
navigation.

e Address various skills such as critical thinking and problem solving required in STEAM
disciplines and especially various spatial skills, such as navigation, understanding scale in
space and time, and selecting an ideal location based on given spatial features.

e Apply in formal and informal education contexts and different implementation settings:
in-class, in-lab, outside the class. For example, students created geodesic domes both in
the lab and in their school yard, learned to use analog and digital maps for various
purposes in the classroom and learned the concept of orthodromic routes using a large
globe and a rope in the science center.

The present Section highlights various representative GOSTEAM scenarios that incorporate the
principles and aims introduced above and that were implemented in the context of both formal
and informal education, involving various subjects, i.e., Mathematics, Physics, Geography,
Environmental science, Technology, Art education, Geometrical drawing, Crafting, and English and.

Scenario 1: Functions in two variables

The educational activity involving the analysis and illustration of functions in two variables using
the GeoGebra tools (www.geogebra.org) is a hands-on experience that promotes the development
of math and technology skills. GeoGebra is a dynamic mathematics software for all levels of
education that brings together geometry, algebra, spreadsheets, graphing, statistics, and calculus
in one engine.

»
Figure 1: Students using GeoGebra.

Through this educational activity, students are introduced to the concept of functions in two
variables, they learn how to use GeoGebra to graph and analyze these functions, which helps them
visualize and understand complex mathematical concepts. Moreover, this activity reinforces their
knowledge and skills about functions in one variable, as they can apply these concepts to functions
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in two variables. They learn about the relationship between the input and output variables and
how changes in one variable affect the output of the function.

In addition to developing their math skills, students also enhance their computer literacy and
technological skills: they learn how to input data, manipulate graphs, and create visual
representations of mathematical concepts.

Through this activity, students also develop problem-solving skills as they analyze and interpret
data to identify patterns and relationships between the variables. They learn to make predictions
and test hypotheses based on their understanding of the mathematical concepts involved.

Figure 2: Student presenting results of the activity

Scenario 2: Geometrical Drawing: Creation of spatial figures with CAD software

The educational activity "Creation of spatial figures with CAD software" involves students using
Computer-Aided Design (CAD) software to design their own fantasy object using cubes, blocks, and
wedges. The objective of the activity is to encourage students to develop their spatial reasoning
skills, as well as their creativity and design abilities.

Before beginning the CAD design process, students first sketch their idea on a sheet of paper. This
step helps them to visualize their concept and consider different possibilities before beginning the
digital design process.
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Figure 3: Students begin the CAD design process

Once the students have their design concept sketched, they use the CAD software to create a
digital 3D model of their object, incorporating cubes, blocks, and wedges. The requirement for the
wedges to be rotated or mirrored at least two times adds an additional layer of complexity and
encourages students to think more creatively.

After completing the digital design process, students can then choose to build their object using
physical building blocks if they wish, allowing them to see their creation in a tangible form.
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Figure 4: Students admiring their results.
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Overall, this activity promotes the development of important STEM skills such as spatial reasoning,
problem-solving, and design thinking, while also encouraging creativity and imagination. By
combining digital and physical design, students can experience a well-rounded design process and
gain a deeper understanding of the possibilities and limitations of both mediums.

Scenario 3: Acceleration and Gravity in 3D Space

In this scenario, spatial education is implemented in Physics classes. Students are introduced to the
concept of acceleration and gravity in 3D space.

The educational activity "Acceleration and gravity in 3-dimensional space" is a hands-on
experience that helps students to learn about the concepts of acceleration and gravity in a three-
dimensional space. Through this activity, students use their mobile phones to measure
acceleration and the acceleration of gravity, which allows them to experience how these values
vary based on the position on Earth. Teachers and/or students use the app “Phyphox”
(https://phyphox.org), which is a free application for iOS and Android operating systems. Phyphox
allows users to work with the data from the sensors of their mobile phones during their
experiments, e.g., detect forces acting on their mobiles using the accelerometer or measure the
Doppler effect using its microphone.

In the activity, students first learn about acceleration as a three-dimensional vector quantity. They
are then guided through the process of using their mobile phones to measure acceleration in three
dimensions. This helps students to understand how acceleration varies based on the direction of
motion.

Next, students learn about the acceleration of gravity and how it can be calculated using the
measurements of acceleration. They experience how the value of the acceleration of gravity
changes depending on the position on Earth. This helps students to understand the concept of
gravity and how it affects the motion of objects.
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Figure 5: Result from a student’s mobile phone

Finally, students participate in an online activity where they learn about zero gravity and parabolic
flights. They learn how these flights are used to simulate the conditions of weightlessness and how
this can be used for scientific research.

Through this educational activity, students develop their understanding of complex scientific
concepts such as acceleration, gravity, and the three-dimensional space. They also develop their
practical skills by using their mobile phones to measure acceleration. Additionally, they gain
knowledge about real-life applications of these concepts, such as the parabolic flights used for
scientific research. Overall, this activity provides a fun and engaging way for students to learn
about the physics of motion and gravity.

Scenario 4: Google Maps Orientation - Basics

In this scenario, STEAM education is implemented in Geography classes. The educational activity
"Google Maps orientation - basics" is a hands-on experience that helps students to learn how to
use different features of Google Maps, such as setting routes, using the satellite function, and
accessing Google Street View. This activity is typically implemented in Geography classes to help
students develop their map reading and orientation skills.
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Figure 6: Students using analog and digital maps

In the activity, students first learn about the different features of Google Maps and how to use
them. They are guided through the process of setting routes using different modes of
transportation, such as walking, cycling, or driving. This helps students to understand how to plan
and navigate routes using different methods of transportation.

Next, students learn about the satellite function of Google Maps, which allows them to view high-
resolution satellite imagery of different locations around the world. They are then introduced to
the Google Earth Engine Timelapse tool, which allows them to view satellite imagery from
different points in time and to interpret ecological changes such as urban growth, glacier retreat,
and deforestation.
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Figure 7: Students solving tasks with Google Maps

Through this activity, students develop their map reading and orientation skills, as well as their
understanding of the Earth's geography and ecological changes. They also develop their
technological skills by learning how to use different features of Google Maps and the Google Earth
Engine Timelapse tool.

This educational activity provides a fun and engaging way for students to learn about the
geography of the Earth and the technological tools used to study it.

Scenario 5: Google Maps and geographical concepts.

This scenario introduces the basics of cartography, such as earth models, map projections,
positioning and the map as a model of reality was tried out as a teacher led class activity. As in the
previous scenario, different features of Google Maps, such as setting routes, using the satellite
function, and accessing Google Street View are used.

The activity develops map reading and orientation skills and introduces geographical concepts
such as: latitude, longitude, projection, turning circuit, equator, arctic circle, coordinates. These
were tested in a series of questions solved with the help of Google maps. Spatial skills were trained
by searching with coordinates on a mobile phone and orientation in space was performed with the
help of a digital compass.
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Figure 8. Before looking at Google maps, some models were discussed. How can these land
formations be seen on Google maps?

Scenario 6: Earth Graticule

The educational activity "Earth graticule" is designed to help students understand the concept of
the graticule of the Earth, which is a network of lines of longitude and latitude used to define
locations on the surface of the Earth. The activity involves several steps to ensure that students
fully comprehend the graticule and its applications.

First, students watch a learning video that explains the concept of the graticule and its significance
in geography and navigation. They also use a globe to visualize the lines of latitude and longitude
and their intersections.

To ensure that the students have a good understanding of the graticule, they are given a
worksheet to calculate the coordinates of various locations. The worksheet might include
guestions such as "What are the coordinates of the North Pole?" or "What are the coordinates of
the equator?".

To further reinforce their understanding of the graticule and its relation to GPS coordinates, the
students are asked to search for locations in Google Maps and identify their GPS coordinates. They
might also be asked to find the coordinates of their home, school, or other significant locations in
their community.
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Finally, the students fill in an online blank text with the coordinates they have found, and they may
also be asked to reflect on the importance of the graticule in their everyday lives and in broader
global issues such as climate change, migration, and international trade.

This activity promotes the development of important geographic and analytical skills, as well as an
appreciation for the role of the graticule in navigation and global understanding.

Scenario 7: How to use QGIS

In this scenario spatial education is implemented in an Environmental Science class. QGIS is a free
and open-source software that can be downloaded at https://www.qgis.org/en/site/. With the
help of QGIS, students can make their own maps and analyze data statistics from their own
country, municipality, Eurostat, WHO etc. The activity promotes educational goals such as
problem-based learning, spatial thinking, engineering, and computer skills as well as it stimulates
curiosity and gives experiences outside of the classroom. In QGIS the ability to design maps gives
the students an opportunity to corporate art and aesthetics into their maps.

AU

Figure 9: Students designing maps in QGIS.

In 2020 pandemic stroke, but the students in Ystad could still gather water from lakes and measure
pH, nitrates, phosphate and hardness and make maps in QGIS with attribute tables of the values.
The first year, a report with a map showing coordinates of the measurement points were made
and the second year, the activity was used in collaboration with another EU-project called the
“VIRTUE-project”. The student used CD-discs to explore marine biodiversity
https://virtue.gmbl.se/. Three sets of racks were placed in the Baltic Sea at

e the Marinain Ystad (at depth of 2 m)
e Atan Eelgrass meadow (at a dept of 5m)
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e Atasand bottom (at a depth of 5 m)

The result of the investigation was presented as a poster.
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Figure 10 (a) The Marina in Ystad and the boat that took the students to a sand bottom at a depth
of 5m and to an Eelgrass meadow were the racks were anchored. Due to the Covid restrictions only
4 students were allowed onboard. (b) Student holding the rack soon to be placed out at an
eelgrass meadow in the Baltic Sea. (c) Student examining the settlements of organisms on the CD-
disc.

The advantage of this activity is that it can be used for many different purposes. With QGIS it is
equally easy to analyze criminality, birthrates, biodiversity as well as green areas in cities. Data can
be retrieved from the outdoors activities as in the examples made by the students in Ystad or it
can be retrieved from statistics. The activity wasn’t developed further due to the amount of time
that was needed to introduce QGIS and for students to learn the how to use the software, in
combination with the difficulty to retrieve good map-data from other countries than Sweden.

Scenario 8: Introduction to map projections

In this scenario spatial education is implemented in an Environmental Science class. The
educational activity is a problem solving and hands on activity illustrating the differences in at least
three different types of map projections. The final projections were compared and discussed
regarding their advantages and disadvantages whereafter digital map projections at Compare Map
Projections (map-projections.net) were compared. The activity serves as an introduction to
geographical concepts and enhances the understanding of the difficulties on how to project a
three-dimensional globe on to a two-dimensional map. Furthermore, the activity exemplifies that
models often are a simplification of reality which is an important concept to understand in all
STEAM studies.
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Figure 11: With an illuminated globe, paper, tape and scissors, three different types of projections
are made by hand of a cardboard model of Finland. The projections in this figure are cylindrical,
conical and flat. The projected shadows on the papers are drawn and cut out for comparison.

Scenario 9: Exploring the Eurostat: European Environmental Statistics

The scenario is recommended for group work to explore differences in the statistical variables
between different countries and regions. The output of this scenario can be reports or
presentations including choropleth maps including all relevant cartographic items. Eurostat is the
statistical office of the European Union and The Statistical Atlas can be found at Eurostat regional
yearbook 2022 (europa.eu)

This activity was first teacher-lead to show student how to navigate and create and interpret maps
with statistical data and after that, the students had to search for and illustrate some of their own
guestions. The activity was introduced to two separate classes, one in Environmental Science and
one in Geography.

The objective in Geography class was to understand how to interpret maps, and to discuss
differences regarding spatial patterns of a variety of statistical variables related to people and
society in Europe.

Figure 12: Students are comparing the statistical information
from Eurostat with their books in Geography.
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In Environmental class, the students explored and discussed what variables could be used to
compare environmentally stresses in different European countries. The activity was not tried out
in full context because of lack of time but was used as an introduction to a project on food-
security. Statistics from EUROSTAT was retrieved and used in the some of the students essays on
food-security.

Figure 13: Students in Environmental Science
class discussing their essays with researchers
(round table discussions) at the Swedish
University on Agricultural Sciences.

Working with statistics, students develop their mathematical skills. Statistics can be more
understandable if it is projected as colors or big circles on a map, thus providing students another
perspective of math than tables and diagrams might do. Students also enhance their computer
literacy. They learn to search for data, illustrate the data on maps to create visual representations
of statistical data. Students also learn how to ask, how to analyze and how to compare data
between different countries or themes. Group discussions of the reports or presentations made
are important for student to evaluate and question/critique their findings and for foreseeing the
future. What trends can be detected?

Scenario 10: Selecting offshore Wind Farm sites

The scenario introduces students to spatial modeling and multicriteria analysis. Spatial Multi-
Criteria Decision-Making (MCDM) is used for decisions with a geographical element, most often in
site-prospecting and risk assessment processes where multiple factors need to be considered.
Some examples incorporate:

e Location-allocation problems
e Marine Spatial Planning
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e Proximity to human infrastructures
e Environmentally sensitive areas

Figure 14: Students working with various digital data projected on maps

Many of the problems we are facing today are complicated, with a lot of conflicting interests and
solutions. However, groups need to be able to work together and compromise to find a solution
that is the most feasible. There is often a spatial or geographic nature to these problems, and thus,
by using GIS with different frameworks or analyses, can aid the decision-making process. During
this activity, students make use of digital tools such as QGIS and satellite images in order to:

e identify suitable areas for Offshore Wind Farms using different criteria,
e reclassification rules and
e overlay operations.

Figure 17: Presentation of digital maps for the identification of
suitable areas for offshore wind farms
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Scenario 11: Earth observations and Satellite images in your classroom

During this activity students were introduced to a brief theoretical explanation of what remote
sensing is followed by practical demonstrations of its potential including: land-use changes and
urban sprawl, identification of fires, volcanic eruptions, floods, etc. Numerous case studies are
used to show the possibilities of Remote Sensing in identifying natural and anthropogenic events
at different spatio-temporal scales. Furthermore, explanations and technical guidelines are
provided for the EO Browser tool so that students can learn how to search for and process satellite
images through this online application.

Figure 18: Using EO Browser to monitor Aetna’s eruption on
March 9th, 2017

Some of the key objectives addressed through this activity include:

e The use of emerging technologies, such as Remote Sensing, to analyze real-time territorial
changes and space-time processes at the Earth’s surface,

e The incorporation of a geographical point of view through remote sensing tools to analyze
phenomena linked to global environmental changes and disaster risk management.

Scenario 12: Scale of the Solar System in a nutshell

The best way to appreciate the size of our solar system and the size of the planets is by creating a
scaled model of them that shows how far from the sun the eight planets are located (scaled
distance). Students had the opportunity to make these estimates and attribute their findings inside
(using digital mapping tools) and outside the classroom (experimentation). Thus, if the sun has the
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size of your school, where is the earth placed inside your city? Or maybe outside? These questions
are answered by the students by using digital tools (maps) and facts from their astronomy class
(size and distances of our solar system planets from the Sun).

At first students were introduced to the concepts of “scale” and “scaled model”. They must further
investigate how they can scale the size of an object or/and the distances among objects or even
the geographical scaling (in a map). Students completed two activities focusing on:

1. comparing the size of the objects (Sun, planets, moons) of our Solar System, and,
2. comparing the distances between the objects in our Solar System at different scales inside
and outside classroom.

In this way, students gained an understanding of the comparative size of the objects in our Solar
System and the great distances between them.

Scenario 13: Rover exploration game developed with SCRATCH

In this activity, students created a Mars/Moon exploration game, using the Scratch programming
language. Using their computer keyboard, they drove their exploration rover to the surface of
Mars or the Moon and went through specific areas. Depending on the areas the rover approaches
or gets trapped into, they win or lose points towards their final score.

At first students investigated the surface of the Moon or Mars through high quality digital maps
that are available online. They looked into and identified various anomalies on the surface such are
lava flows (Mars) or wrincle riges & craters (Moon). Through galleries of space agencies (NASA,
ESA) they identify the map to be used as the background of their game.

In general, students engaged in programming, analytical, and computational thinking and used
mathematics and appropriate programming commands to plan their game.

Scenario 14: Optical illusions

In this scenario 33 optical illusions were presented in a Powerpoint with handouts and made to a
class activity for fun. Two questions were asked before the presentation. How much can we trust
our senses and why is scientific method important? The original learning objectives for the
students were to recognize optical illusions and construct/draw optical illusions and switch from
top to bottom view and vice versa. Spatial skills such as visualization, realizing and identifying
patterns as well as common characteristics of two-dimensional pictures. As a STEAM activity this
scenario can be developed further in biology, physics, psychology and math to deepen the
understanding on how important measurement are for science in general. Physics, math and
biology could jointly enhance the knowledge of how light is perceived in the eye, and in psychology
could use these illusions to explain that the human brains sometimes see what it wants to see.
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Scenario 15: Arts: mirror anamorphic

The implementation of the activity "mirror anamorphic" in arts involves a multi-step process that
incorporates the principles of optics and image space, as well as an understanding of anamorphic
art and its connection to art history.

Here is a possible breakdown of the steps involved in the activity:

Introduction to optics: The activity begins with an introduction to the basic principles of optics,
including the law of reflection, which states that the angle of incidence of a ray of light is equal to
the angle of reflection. Students may also learn about other concepts such as refraction, focal
length, and image formation.

Introduction to anamorphic art: Students are introduced to the concept of anamorphic art, which
involves distorting an image in a specific way so that it appears normal when viewed from a
particular angle or through a specific device, such as a mirror. Examples of famous anamorphic art
pieces, such as Holbein's "The Ambassadors" or street art murals, can be shown to the students.

Explanation of the activity: The instructor then explains that the students will be creating their own
anamorphic art piece using mirrors. The students will need to choose an image that they want to
distort and then use the principles of optics to create a distorted version of the image that will
appear normal when viewed through a cylindrical mirror.

Designing the anamorphic art piece: Students then work on designing their anamorphic art piece.
They will need to consider the angle at which the image will be viewed and the location of the
cylindrical mirror. They may sketch out different versions of the image to experiment with
different levels of distortion.

Creating the anamorphic art piece: Once the students have finalized their design, they can begin
creating their anamorphic art piece. They will need to transfer the image onto a surface, such as
paper or canvas.

Scenario 16: Handicraft: Experiment with PET rockets

The educational activity "Experiment with PET powered rockets" involves students designing,
testing, analyzing, and adapting rockets powered by PET bottles and compressed air. This activity
aims to promote the understanding of physical laws and their practical application in everyday
objects, as well as to encourage cross-curricular connections and the development of problem-
solving skills. Students create their own rockets using PET bottles and other materials, and test
their designs to determine flight altitudes.

The height measurement is carried out by means of triangulation, a measuring device is built
according to the construction manual. Two people follow the flight with the measuring device and
determine the highest point by eye. Then students determine the length of the adjacent cathetus.
The flight of the rocket is followed with the "protractor”. At the turning point (highest rise,
apogee) the angle is fixed by holding the thread on the protractor, read and noted. Several people
during the measurement improve the result. When determining the height, take the eye level into
account. Via the trigonometric definition of the tangent, the height of rise (opposite cathetusin a
right triangle) of the missile.
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Through this process, students learn about the principles of aerodynamics, mechanics, and physics
that govern rocket flight.
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Figure 19: Students start with their teacher the rockets
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The activity also involves reflection and improvement, as students analyze the results of their tests
and make adjustments to their designs to improve performance. This iterative process encourages
critical thinking and fosters a growth mindset.

Through this activity, students gain a deeper understanding of the scientific principles that govern
the world around them and develop practical skills in design and engineering. They also learn the
importance of collaboration and communication in problem-solving, as they work together to test
and refine their designs.

Scenario 17: Handicraft: Geodesic domes

The educational activity in handicraft involving building geodesic domes is a hands-on experience
that promotes creativity, problem-solving, and technical skills. The geodesic dome activity involves
constructing a three-dimensional structure using a framework of triangles.

The aim of this educational activity is to provide students with a hands-on learning experience that
combines mathematics, technical knowledge, spatial thinking, and manual skills. At BG/BRG
Schwechat, students planned and implemented geodesic domes made of slatted frames for the
school yard, using mathematical principles to ensure the structural integrity of the domes.

Students are first introduced to the concept of geodesic domes and their mathematical principles.
They learn about the relationship between geometry and construction and the importance of
using precise measurements and calculations in the planning process.
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Next, students acquire technical knowledge related to the construction process, including the
selection of materials and tools, as well as the installation of irrigation systems for the plants that
will be used to green the domes.

Figure 20: Students building geodesic domes

Throughout the activity, students develop manual skills as they work on the construction of the
domes. They learn how to use tools and materials safely and effectively, while also paying
attention to details and making adjustments as needed to ensure the quality of their work.

Finally, students gain an appreciation for environmental awareness as they learn about the
benefits of green spaces and the importance of using plants to improve the quality of the school
environment. They also learn about the importance of irrigation systems and how to ensure the
proper care and maintenance of the plants used in the project.

Overall, this activity provides a fun and engaging way for students to learn about architecture and
engineering while also creating a functional and beautiful addition to their school environment.

Figure 21: Students at enjoying their finished geodesic domes
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In Ystad, students built smaller scale geodesic domes using Strawbees
(https://strawbees.com/shop/), a smaller, cheaper and easier variant of building blocks.

Figure 22. In Ystad a smaller, cheaper and easier variant of building blocks, Strawbees, was
used. https.//strawbees.com/shop/

Overall, this educational activity provides students with a holistic learning experience that
combines mathematics, technical knowledge, manual skills, and environmental awareness. It
provides a practical application of theoretical concepts and promotes the development of critical
thinking and problem-solving skills.

Scenario 18: How to make a woodstove

In this scenario, a handicraft activity was used to enhance spatial thinking: the task was open-
make a stove like the one in Figure 18.

Figure 23. A model woodstove

Materials were provided by the teacher and the purpose of the challenge was to make a cheap
stove that could be effective and used in poor countries with materials that are cheap and easily
provided.
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Figure 24. Students at Ystad Gymnasium creating a mold using to different plastic buckets,
making a mix of approximately 10 liter of pumice, 2 liters of cement and 2 liters of water. Some
groups added gravel to the mix. The oil was used on the buckets so that they later on easily could
be separated from the dry stove.

The stoves were tested in the school yard making grilled sausages and they all stood the test
without cracking. This activity could be pursued further by testing how effective the different
models are also to create a cheap chimney to lead the smoke away from the “chef”.

Note: Scenarios 16-20 below were implemented in a science centre,
but can be replicated in a school setting.

Scenario 19: Hands-on 3D modelling of an Island

This scenario is aimed at introducing an informal hands-on experience of representing the
morphology of a territory on a topographic map and converting a 2D representation into a 3D
model. The participants develop a model of a small island starting from its representation on a
topographic map. Then, they cut the different altitude layers in a thin sheet of polystyrene, and
they assemble the layers together in order to obtain a model of the island.

NISIDA

Figure 25. The topographic map and the 3D model of the island.
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Scenario 20: Light Paintings

Light paintings represent a kind of edutainment very usual in contexts of informal education like
science centres where they are a canonized proposal that falls within that group of activities
defined as “thinkering”. Apart from the playful and engaging aspect that makes the light paintings
usable for audiences of any age, and therefore also for high school students (from 9th to 13th
grade), their educational peculiarities make this type of activity particularly effective in
empowering participants' spatial thinking and skills.

The main objectives of this scenario is to stimulate the participant to conceive space in an analytic
way. This objective could be achieved for two main reasons:

1. Incontrast to drawing on a paper sheet, the participant doesn’t perceive the image he/she
is progressively drawing. Hence, there needs to previously elaborate a better-defined idea
of the drawing subject and the elements composing it;

2. Moreover, the participant acts and draws in a three-dimensional space while the final
result will be a two-dimensional picture where the drawn subjects will be automatically
represented in the respect of the criteria of the perspective.

The resources necessary to implement the scenario are:

e acamera that allows you to set long exposure times (30 s - 1 minute);

e acamera tripod (or just a small table or a something similar where rest the camera);

e point light sources such as LED flashlights and the like of different colors that can possibly
be activated by simply pressing a button;

e adarkened environment.

Figure 26. Light paintings.
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Scenario 21: Epicentral location

This scenario involves the analysis of seismograms and in particular the location of the epicentre of
an earthquake starting from the analysis of the recordings gathered by seismic stations located
around the world. It is set up as a role game where the participants act like geophysics cooperating
to locate the unknown epicentre of an earthquake using the waveforms recorded after a real
event.

The activity starts by showing to students some pictures of seismograms related to earthquakes of
different magnitudes and triggered at different depth, as well as recorded by seismographs located
at different distances from the epicentres. The interest will be focused on some shapes
characterizing the recordings and allowing us to grasp some features of an event like the
hypocentre depth and the distance between the epicentre and the seismic station.

The seismogram or waveform of an earthquake can be investigated in more or less depth in
relation to one's skills. High school students are provided with basic scientific knowledge useful for
analyzing a seismogram in both a qualitative and quantitative way and obtaining various
interesting information.

In particular, this scenario intends to enable the participants to recognize the first arrivals of the
different types of seismic waves on the seismogram, and to use additional analysis tools to
determine the distance between the epicentre of an earthquake and the station seismic recording
the event.

The scenario entails the pupils to analyze real seismic recordings (waveform) in order to estimate
the distance between some seismic stations and the epicenters of real earthquakes and match
them to locate the unknown epicenters, by using Seisgram2K special software and Google Earth
Pro. The scenario also offers participants some notions of spherical geometry in particular relating
to the shortest route that connects two points on the earth's surface (orthodromic). The
localization of the epicentre of an earthquake is carried out by means of the so called three-circles
method (triangulation).
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Figure 27. Participants learning how to read the seismogram
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In addition to understanding the physical meaning of a seismogram and the information that can
be derived from it, this scenario crosscuts numerous other subjects ranging from physics and the
study of mechanical waves in particular, to earth sciences and cartography.

Scenario 22: Orthodromic Routes

This scenario aims to introduce the concept of orthodromic route, i.e., the shortest path that joins
two points on the earth's surface and is represented by a curve. The pupils are surprised to
discover that on a World map the shortest path between two points should be represented as a
curve and not as a straight line. The veracity of this discovery is better clarified once they carry out
the experiment of stretching a rope on a globe thus verifying the correspondence with the route
traced on the World map.

Figure 28. Pupils stretching a rope on a globe to learn the concept of orthodromic route

Further effective observations could be made using Google Earth Pro. In particular, the "Ruler" tool
from the "Tools" menu allows you to trace on the Earth's surface the lines corresponding to the
orthodromic paths that connect different points. When the reference grid for latitude and
longitude is active, it can be clearly observed how the latitude of the route that connects two
municipalities located at the same latitude changes progressively.

Scenario 23: Topographic profiles

This scenario is addressed to high school pupils and aims to facilitate the understanding of the
representation of the morphological surface of a territory on a topographic map. More specifically,
the scenario helps pupils to understand the meaning of contour lines on a topographic map, and to
learn different graphic processes to interpret them in a more or less analytical way.
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Figure 29. Pupils learning the concept of topographic profiles.

In the initial phase of the scenario, the conductor hands the topographic maps to the participants
inviting them to observe and try to interpret the morphology of the maps. The meaning of the
graphic elements that characterize the map and, in particular, of the contour lines that define the
morphology of the represented territories are also illustrated.

Another important issue is the scale of the map, so the conductor explains the concept of scale
and the mathematical procedures to convert the distance on the map to the real ones and vice-

versa.

In addition to traditional graphic tools (topographic maps, rulers, and graph paper) the activity also
includes the use of IT tools such as geographic software and electronic spreadsheets.
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GOSTEAM Summer School 2021

Access the presentations and material through this QR code:

Link: https://indico.ea.gr/event/10/

Introducing spatial thinking notions— Connecting spatial thinking to STEAM fields

Convener: Prof. Marinos Kavouras

Introducing GOSTEAM Project and Community
Convener-D azoudls

Designing an educational activity for your class: the GOSTEAM templates & approach
Convener. Lazoudls

Participants work on their educational scenarios- GOSTEAM team online support
Conveners: Dr Aggelos Lazoudls

RRE M — 12200 Spatial thinking development

RFS LN — 1230 Workshop I: Earth Observation & Satelite images in your classroom

The 2021 GOSTEAM Summer School was an online course for teachers to learn how to develop
exemplary open educational resources and tools specially developed for young learners addressing
the knowledge and skills necessary to enhance spatial abilities and foster both success and
participation in STEAM disciplines. Participants learned to assist students in using open access
educational resources; how to teach them spatial, environmental, and other STEAM concepts and;
how to engage them in playful learning in order to boost their interest in STEAM disciplines and
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PART 5
EVALUATION AND VALIDATION

5. Evaluation and validation

The assessment of the GOSTEAM Approach included: a) the formulation of an Evaluation and
Validation Plan outlining the methodology to be followed for all evaluation activities; b) the
development of a set of Evaluation and Validation Tools; c) the implementation of Evaluation and
Validation Activities and; d) the elaboration of an Assessment Report, recording and
communicating the results of validation and evaluation.

The Evaluation and Validation Plan took into account all the groundwork realised in all the areas of
the project: the educational design, the methodology, and the formation and implementation of
the educational hands-on STEAM activities. The plan defined the aspects of the project’s impact to
be evaluated and outlined the methodology and criteria adopted to develop the evaluation and
validation tools for different types of GOSTEAM activities (online presence, implementation of
educational activities, multiplier or other events), in order to facilitate the GOSTEAM partnership
in monitoring progress with regard to the qualitative and quantitative indicators set for the
project.

A set of evaluation and validation tools have been developed especially for the project and were
employed throughout project activities. In order to promote a uniform approach among the
partnership and ensure the collection of all necessary data, specific templates and content were
developed for the evaluation and validation tools concerning educational activities implemented
by the project.

The tools aimed to allow the realisation of a two-fold research into the project’s impact, based on
a qualitative and a quantitative approach. Qualitative analysis focused mainly on identifying
behaviour patterns and significant changes on the teachers’ practices as a result of project
activities. Quantitative analysis focused on the exploitation of datasets, providing a common basis
for cross-references and comparisons in order to assess the impact of the implemented activities
and the effectiveness of the proposed educational design. The GOSTEAM approach as educational
practice was validated at two levels: student and educator.

5.1 Evaluation results

The assessment of the GOSTEAM proposed pedagogical approach and developed scenarios was
performed along two axes:

e Within the GOSTEAM consortium, which involved both students and educators, as well as
formal and informal educational contexts.

e Outside the GOSTEAM consortium in the context of a teachers training program within a
Continuing Professional Development course launched by the Hellenic Open University for
in-service teachers on introducing STEAM and digital educational tools into elementary and
secondary schools.
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Within the consortium evaluation

The validation results of the implemented scenarios within the consortium, both by students and
by educators, highlighted the educational value of the implemented scenarios in terms of students’
knowledge acquisition, interest, enjoyment, and geospatial and environmental awareness.

More specifically regarding students’ responses:

e 66% of students agree or strongly agree that the educational activities improved their
knowledge on the subject taught.

e 73% of students agree or strongly agree that the educational activity was enjoyable.

e 50% of students agree or strongly agree that the educational activity increased their
interest in the subject covered and made them more geospatially and
environmentally aware.

Regarding educators’ responses, the majority of educators (88%) agree/strongly agree that the
educational activity seemed to have increased learners’ interest in the subject taught. Moreover,
the vast majority of educators (84%) agree/strongly agree that the educational activities seemed
to have stimulated learners' geospatial and environmental awareness.

GOSTEAM placed special emphasis on cultivating spatial abilities both in female and male
students to target the gender gap regarding girls’ interest and performance in STEM. Spatial
thinking is a key ability for the STEM disciplines since it increases the participation in STEM
disciplines and constitutes a vital talent for achieving STEM innovation. Furthermore, it is an
ability that is not fixed but can be improved with targeted interventions. Therefore, GOSTEAM
scenarios were developed and implemented considering these aspects and the possible gender
gap in STEAM interest and performance. The evaluation results showed the educational value of
the implemented scenarios in terms of knowledge acquisition, interest, enjoyment, geospatial and
environmental awareness in both female and male students (18% of students would rather not
answer about their gender).

More specifically:

e 68% of female students and 74% of male students agree or strongly agree that the
educational activity improved their knowledge on the subject taught

o 80% of female students and 78% of male students agree or strongly agree that the
educational activity was enjoyable.

o 58% of female students and 51% of male students agree or strongly agree that the
educational activity increased their interest in the subject covered.

o 58% of female students and 50% of male students agree or strongly agree that the
educational activity has made them more geospatially and environmentally aware.

Outside the consortium evaluation

The results of the assessment of GOSTEAM Teacher’s training program indicated that there was
an extremely positive response rate regarding the content of the training. Around 80% of learners
agreed/strongly agreed that the content was presented appropriately and was well structured.

Cross-cutting geospatial and environmental STEAM instruments for the new generation 52
Project Number - 2020-1-SE01-KA201-077972



Handbook on Geospatial Education for STEAM

In addition, the topics and subtopics were logically arranged, the flow of learning items was logical
and predictable, and the content sufficiently covered contemporary topics.

Regarding the balance of theoretical concepts and practical examples in the educational material
and to the variety of use of alternative materials (e.g., texts, videos, presentations, activities, etc.),
most of the trainees (78%) agreed/strongly agreed that the theoretical concepts and practical
examples presented were well balanced, something that can significantly assist them in
developing the required knowledge and appropriate skills to implement the STE(A)M training to
their classroom. The learners evaluated positively and very positively (82%) to the variety and
appropriateness of the alternative educational materials that were used in the training and which
contribute to a better understanding of the learning material. These questions are very strong
indicators of the thorough application of the educational curriculum and the usefulness of the
GOSTEAM resources.

The vast majority (86%) agreed/strongly agreed that the material was new and many of them
didn’t have any prior experience in using the presented GOSTEAM tools in their classroom. The
vast majority (71%) agreed/strongly agreed that the knowledge and skills acquired will improve
the possibility of integrating STE(A)M education into the daily life of their students, which
translates into changing the way they teach (e.g., with advanced digital tools) and the pedagogical
approach they adapt (e.g., the GOSTEAM pedagogical approach was well received).
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PART 6
CONCLUSIONS

6. Conclusions

The survey conducted with teachers and school administrators early in the project (full results can
be found in the Guidelines and best practices for incorporating spatial thinking in STEAM
education?®) was helpful 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.

Findings of this survey were taken into consideration when proposing Spatial Thinking and STEAM
resources and tools for learners?, (b) establishing the Pedagogical framework?! in the context of
GOSTEAM, and (c) developing the GOSTEAM hands-on activities??.

The implementation of GOSTEAM activities in formal (classroom) and informal (science center)
settings showcased well the multidisciplinary, integrated nature of spatial knowledge. The model
training resources, in the form of hands-on STEAM activities covered the whole range of STEAM
subjects and referred to complex, multidisciplinary problems that combined knowledge and
concepts from different subjects.

The validation results of the implemented scenarios within the consortium, both by students and
by educators, highlighted the educational value of the implemented scenarios in terms of
students’ knowledge acquisition, interest, enjoyment, and geospatial and environmental
awareness.

The results of the assessment of GOSTEAM Teacher’s training program indicated that there was a
very positive response rate regarding the content and relevance of the training.

19 http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 Al final.pdf

20 http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 A2 final.pdf

2 https://gosteam.eu/wp-content/uploads/2023/10/GOSTEAM pedagogical framework-final.pdf
22 https://gosteam.eu/scenarios/
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ANNEX 1: GOSTEAM educational scenarios

These educational scenarios were developed through the GOSTEAM project and are available
for re-use®

Scenarios 1 — 23 were implemented, evaluated and validated in 4 European countries (Austria,
Greece, Italy, Sweden). See Part 4 — Implementation.

Functions in two variables
Create spatial figures with CAD Software
Acceleration and gravity in 3-dimensional space
Google Maps Orientation — Basics
Google maps and geographical concepts
Earth Graticule
How to use QGIS
Introduction to map projections
Exploring European environmental statistics
. Selecting an Offshore Wind Farm site
. Earth Observation & Satellite images in your classroom
. Scale of the Solar System in a nutshell
. Rover exploration game developed with Scratch
. Optical illusions
. Arts - Mirror Anamorphosis
. Handicrafts - Experiments with PET-powered rockets
. Handicrafts - Geodesic domes
. How to make a woodstove
. Hands-on 3d modelling of an island
. Light Paintings
. Epicentral location
. The Orthodromic Routes
. Topographic profiles
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24. A new point of view - Tape Art

25. Applying hydrologic modelling tools to delineate watersheds and extract a channel
network of major rivers and streams

26. Distances with vector algebra

27. Earth Observation & Satellite images in your classroom

28. Ecological Risk Assessment and Satellite observations

29. Exploring the Eurostat — Statistical Atlas Economy and Business

30. Exploring the Eurostat — Statistical Atlas Environment and Natural Resources

31. Exploring the Eurostat — Statistical Atlas People and Society

32. How to use Google Earth

33. Mapping flooded area using radar satellite remote sensing

34. Monitoring drying inland water body using satellite remote sensing

35. Optimal route finding and Least Cost Path concepts

23 https://gosteam.eu/scenarios/
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36.
37.
38.
39.
40.
41.
42.
43,
44.
45,
46.

Potential landing sites on the Moon and Mars for my rover
Sea level rise impact on coastal areas

Solar panel placement on Earth, the Moon and Mars!

The ancient tunnel of Eupalinos in Samos, Greece
Trilateration and the GPS

Work with digital elevation models (DEM) for a selected area
Shadows and heights

Celestial coordinates

The measurement of the earth’s radius with the method of Eratosthenes
The glacial seas from space

The greenhouse effect and its consequences
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ANNEX 2: Spatial Thinking and STEAM resources and tools for learners

e  AMAP Austria: http://www.amap.at/amap/
A website containing maps of Austria

e Atmospheric Phenomena Quiz: http://www.funtrivia.com/html|5/index.cfm?qid=50603
A website where you can learn facts about the atmosphere in a free quiz

e Bouncy Map: www.bouncymaps.com
A website where users select subjects related to people, planet, business, politics, and living
and watch the countries on the map change their size: instead of land mass, the size of each
country represents the data for that subject.

e  Bing Maps: http://www.bing.com/maps/
A web mapping service providing street maps, satellite photos, aerial maps and bird's eye
views, as well as driving directions, traffic details and road conditions.

e  Cesium: http://cesiumijs.org/index.html
A WebGL virtual globe and map engine. While satellites, land vehicles, and drones are busy
gathering 3D-information, it remains difficult to use. Cesium is an end-to-end platform that
unleashes the potential of 3D data by making it easy for developers to visualize, analyze, and
share 3D content.

e Drive Me: http://www.driveme.gr/
Online web mapping service that provides maps and geographic information for Greece.
Supports locating addresses, route planning and presents points of interest relative to several
categories (e.g., banks, shopping, sports, public services, entertainment, etc.)

e  Earthquake Calculator: https://earthquake.usgs.gov/education/calculator.php
A web tool allowing learners to compare between two earthquakes of different magnitudes so
that they realise how bigger an earthquake really is compared to another of lower magnitude.

e  European Atlas of the Sea:
http://ec.europa.eu/maritimeaffairs/atlas/maritime atlas/#lang=EN;p=w;
A free online atlas offering various information about Europe's seas and coasts, their
environment, related human activities and European policies.

e  Flash Earth: http://www.flashearth.com/
An application for viewing satellite and aerial imagery of the Earth from multiple mapping
websites (NASA Aqua, Bing Maps, HERE Maps, Earth at Night, ArcGIS, and MapQuest).

e  Gapminder: http://www.gapminder.org
A number of free resources and tools are available on the Gapminder website. ready to use in
the classroom including a development quiz.

e  GeoBee Study Toolkit:
https://media.nationalgeographic.org/assets/file/GeoBee Study Toolkit 2019-2020.pdf
This study toolkit is designed to help your students learn more about our world. It includes
blank maps of the U.S., the world, and Africa, as well as past GeoBee questions related to each.
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Students should challenge themselves to fill out each map using their own knowledge and any
atlases they may have available.

e Geocashing: https://www.geocaching.com/play
Use this free app to navigate to a geocache nearby. Once you find the geocache, sign and date
the logbook. Place the geocache back where you found it and log your experience online.

e Geodata in Greece: http://geodata.gov.gr/maps/
Online map viewer of free geospatial data provided by Greek Public Administration

organizations.

e Geoguessr: https://www.geoguessr.com/education
A web-based geographic discovery game which requires players to guess their location in the
world using only the clues visible from Google Street View.

e Geostory: https://www.geostory.se
An app where you learn about your country’s cultural heritage and discover spatial and
historical places.

e Google Earth: https://www.google.com/earth/
A virtual globe providing satellite imagery, maps, terrain, and 3D buildings, as well as driving
directions and Sightseeing Tours.

e  Google Maps: https://maps.google.com/
A desktop and mobile web mapping application which offers street maps, satellite imagery, 3D
maps and Street View perspectives, as well as functions such as a route planning for travelling
by foot, car, bicycle, or with public transportation.

e Google Lit Trips: https://www.googlelittrips.org
Google Lit Trips combines literature with geography. Students can follow in the footsteps of the
people in the stories, looking at the environments and places that they visited. Also, it provides
downloadable files that mark the journeys of characters from famous literature on the surface
of Google Earth.

e Grolier Online Atlas: http://go.grolier.com/atlas
An online website providing geopolitical, historical, thematic and exploration maps.

e Guess The Place : https://www.nationalgeographic.org/activity/guess-the-place/
A website where students play a guessing game, using questions and maps, to identify the
name of a city, state, country, or major physical feature in a continent of your choosing, or the
United States.

e Jetpunk Mapquiz: https://www.jetpunk.com/tags/fill-in-the-map
Quizzes on different continents, countries and capitals.

e  Marble: https://marble.kde.org/
A virtual globe of the Earth, the Moon, Venus, Mars and other planets.

e MapQuest: http://www.mapgquest.com/
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A free web mapping application offering street maps and satellite imagery, driving directions,
traffic and road conditions, and nearby businesses and services (health information, lodging,
restaurants, travel, shopping, activities, and local services).

e Natural Geographic’s MapMaker: https://mapmaker.nationalgeographic.org
An online free map making application that allows users to make maps of any continent or
region by selecting different basemaps (e.g., topographic, terrain, street, ocean, etc.) and
adding layers of information relating to water, earth systems, human population, food,

environment, energy, culture, economy, etc.

e National Geograpic’s Kahoot Quiz: https://www.nationalgeographic.org/interactive/continents-

europe/

This quiz tests students on their spatial knowledge about Europe.

e Natural Hazard’s Viewer: https://maps.ngdc.noaa.gov/viewers/hazards/
A free online website where learners can view maps of the world including natural hazards
(tsunamis, earthquakes etc).

e  Old Maps Online: http://www.oldmapsonline.org
Discovering the cartography of the past

e OpenStreetMaps: www.openstreetmap.org
An open street map of the world, created by people and free to use under an open licence.

e Ordnance Survey: https://www.ordnancesurvey.co.uk/mapzone
The Ordnance Survey website contains some brilliant kid-friendly activities that are sure to
encourage students to learn more about geography. Students can practice map skills, play
geography-related games, and use Geographic Information Systems (GIS) to learn more about
their world.

e  OQOutline Maps: http://www.eduplace.com/ss/maps/
A free website containing maps of the world and the continents that may be printed and
copied for personal or classroom use.

e  PERMAP: http://www.newmdsx.com/permap/permap.htm
A free, Windows-based, real-time interactive program for making perceptual maps (also called
product maps, strategic maps, sociograms, sociometric maps, psychometric maps, stimulus-
response maps, relationship maps, concept maps, etc.).

e Play Geography: https://www.playgeography.com
A free website where you find lots of games on countries, cities, flags, rivers, seas etc.

e  PHET: http://phet.colorado.edu/en/simulation/greenhouse
Via this free tool, students can simulate the greenhouse effect.

e QGIS: https://www.qggis.org/en/site/forusers/download.html
QGIS (previously known as "Quantum GIS" is a cross-platform free and open-source desktop
geographic information system (GIS) application that provides data viewing, editing, and
analysis capabilities.

e Satellite and Information Service from NOAA: http://www.nesdis.noaa.gov/imagery data.html
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Environmental satellite data and derived products covering Earth’s atmosphere, oceans, land
and near-space conditions.

e Scribble Maps: https://www.scribblemaps.com
A tool that allows you to draw and make your own maps. The user is able to map their journeys
with road and flight maps — which could be used for lessons on transport etc.

e Seterra: https://online.seterra.com/en/
Quizzes about countries, capitals, flags, oceans, lakes and more. Introduced in 1997 and
available in 39 different languages, Seterra has helped thousands of people study geography
and learn about their world.

e Tasking Manager: http://tasks.hotosm.org/
A global community putting the world's most vulnerable people and places on the map to
support humanitarian aid and sustainable development. The tool shows what needs to be
mapped, which areas need to be reviewed and validated for quality assurance and which areas
are completed.

e Urban Observatory: https://www.urbanobservatory.org
A free tool comparing and contrasting maps of cities around the world by showing maps in a
variety of themes.

e  USGS Earth Explorer: http://earthexplorer.usgs.gov/
A web application that provides users the ability to search and view satellite images, aerial
photographs, and cartographic products from several sources.

e View From Above: http://gz.com/304487/the-view-from-above-can-you-name-these-
countries-using-only-satellite-photos/
An online quiz about satellite images all over the world.

e World Geography Games: https://world-geography-games.com/world.html
A free website containing different games where the student can find the countries, regions,
lakes, islands etc.

e  World Mapper: http://www.worldmapper.org/
A free collection of world maps where territories are resized on each map according to the
subject of interest. The maps give powerful visual impact and clarity to current patternsin
development and present an accessible and knowledge-based view of the world as it is now.

e Yahoo Maps: https://maps.yahoo.com/
Online mapping portal offering street maps, driving directions, traffic, and satellite

imagery.
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