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1. Abstract

This report describes the process of assessment of the main actions carried out within
the Erasmus+ project GOSTEAM, in particular referring to the educational scenarios
developed by the organizations partners of the project and aimed to enhance the
spatial thinking of high school pupils in the EU, as well as to provide with original and
innovative educational insights the European teachers in STEAMs.

Therefore, the report shows and resumes the results obtained by means of the
evaluation tools developed by the Technical University of the Athens (NTUA) during
the first year of the project. In particular, these tools aimed to evaluate the impact of
the educational scenarios on both teachers/educators and pupils/learners once they
were experimented with high school classes in the countries of the partner
organizations.

Finally, the report summarizes the results collected in the four countries in order to
offer a summary picture of the impact of this experience in STEAM teaching in
different European contexts, as well as addressing the drafting of the GOSTEAM
Handbook on Geospatial Education for STEAM (I05) which will collect and disseminate
best practices to improve the spatial thinking and STEAM skills of high school students.



2.

Introduction

GOSTEAM is a three-year (2020-2023) KA2 Strategic Partnership in the field of school
education, co-funded by the Erasmus+ programme of the European Union. It involves
two higher education institutions, Lund University (Sweden) and National Technical
University of Athens (Greece), three secondary education schools in Austria (BG/BRG
Schwechat), Greece (Ellinogermaniki Agogi), and Sweden (Ystad Gymnasium), and a
Science Centre in Italy (Fondazione Idis — Citta della Scienza). The partnership aims to
design, implement, and evaluate educational hands-on STEAM activities in the fields
of Geographic Information Science and Technology, Cartography, and Environmental
Science for shaping the next generation of geospatially and environmentally aware
citizens.

Within the context of the project, the scope of the entire Intellectual Output 04 is to
evaluate and validate the GOSTEAM approach as educational practice. The focus is on
the assessment of the impact of the project approach on students, teachers and
institutions.

The first paragraphs of this report retrace the process that led to the conception and
fine-tuning of the assessment tools used, the following ones will describe how these
tools are used in the implementation phase in schools, both at a general level and in
individual countries in which the implementation has been carried out, the latter will
illustrate the results obtained through these evaluation tools in order to offer a
summary picture of the impact of this experience in STEAM teaching in different
European contexts, as well as addressing the drafting of the GOSTEAM Handbook on
Geospatial Education for STEAM (I05) which will collect and disseminate best
practices to improve the spatial thinking and STEAM skills of high school students.



I04/A1 Evaluation and Validation Plan

Goals, implementation times, relationships with the general process, etc:

The Evaluation and Validation plan was developed in the framework of the Intellectual Output
04 of the GOSTEAM project, in order to address the need for assessing and validating the
GOSTEAM approach as educational practice. It was developed between the 9th and 11th
months of the project, and delivered in September 2021.

In particular, scope of the 1004 has been to address the evaluation and validation of the
GOSTEAM approach while its educational products will be in implementation. This evaluation
and validation plan took into account all the groundwork realized 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 Evaluation and Validation plan addressed the
development of a set of evaluation and validation tools for assessing the educational
approach and mainly exploited in the implementation phase by the partners involved in this
phase.

The plane defines the aspects of the project’s impact to be evaluated and established and
outlines 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.

2.1. I04/A2 Evaluation and Validation Tools

The Evaluation Tools for the assessment of the educational approach and the results of the
implementation of the scenarios were developed by the National Technical University of the
Athens between the 10" and the 13" Month and were delivered on October 2021. During the
developing period the first drafts of the evaluation tools proposed by NTUA were presented
to the other partners that provided their feedback which implied the progressive
improvement of the tools up to the final development.

The final versions of the Evaluation tools were developed as both Google Forms and printable
sheets depending on the needs of the partners in charge to implement the scenarios, and
shared in the consortium in a special folder in Google Drive.



Questionnaire for Students

The Questionnaires for Students are aimed at the final beneficiaries of the educational
scenarios developed in the context of GOSTEAM, and were therefore submitted to high school
pupils during the implementation phase which took place during the school years 2021-2022
and, above all, 2022- 2023. The results of these questionnaires are shown more in details in
paragraphs 3.2 and 3.3 (I04/A3 Evaluation and Validation Activities).

Apart from general information on the single event (proposed scenario, school and class
involved, average age of pupils, etc.), the questionnaire included both closed-ended questions
relating in particular to the satisfaction and effectiveness of the educational proposal, and
closed-ended questions free on the most interesting aspects and possible improvements on
the scenario itself.

The questionnaire for Students as Google module



Questionnaire for Educators

The Questionnaires for Educators are instead aimed at teachers and educators in general who
could exploit the educational scenarios with their own classes or, more generally, with the
users of their educational activities, as in the case of explainers working in science centers and
science museums. The questionnaires were submitted to the interested parties in various
ways, both during the implementation phase and during specific seminars organized for this
purpose. The details of this phase are given in paragraphs 3.4.
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The questionnaire for Educators as Google module



3. 104/A3 Evaluation and Validation Activities

The project GOSTEAM started on October 2020 and entailed among its tasks the development
of 40 educational scenarios to be achieved on August 2021 in order to let them be
implemented on school years 2021-2022 and 2022-2023.

Due to the restrictions imposed by the Covid emergency, during the 2021/2022 school year
the implementation activities of the developed scenarios were sporadic and limited to the
partner schools of the consortium which occasionally had the opportunity to carry out face-
to-face educational activities.

during the following school year (2022/2023) most of the school activities and, more generally,
the productive and social ones were resumed in a conventional manner.

Therefore, in order to achieve the pre-set objectives of the project, during the face-to-face
meeting held in September 2022 at the Schwechat secondary school, the partners decided to
carry out at least five of the scenarios developed during the school year at their premises.
begun, and it is to this stage of implementation that the next paragraphs dedicated specifically
to evaluation mainly refer.

In particular, paragraph 3.1 reports the results of the evaluation of the implementation
process by analyzing the questionnaires filled out by the pupils, and is divided into sub-
paragraphs, each of which is dedicated to the activities carried out by one of the partners in
charge of this task.

Paragraph 3.2 intends to offer an overview of the results of the implementation of the
activities as a whole by bringing together what emerged from the analysis of the answers to
the questionnaires compiled in all the countries in which this was carried out. It should be
remembered that in the implementation phase, a total of 23 scenarios were carried out for a
total of 553 high school pupils involved.

Finally, paragraph 3.3 describes the results obtained from the questionnaires filled in by the
teachers/educators involved in the implementation phase.



3.1. Implementation in partner countries. Data and results from Students’ Questionnaires

3.1.1.Results of the implementation in Sweden, Ystad Gymnasium

Scenario 3: Mathematics - Functions in 2 Variables
In this scenario, spatial education was implemented in Mathematics classes.

The educational activity involving the analysis and illustration of functions in two variables using the
PC program "GeoGebra" (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.

Scenario 3 was implemented in Mathematics class.

The inquiry was answered by 17 males, 10 females and 4 other individuals, which in total are 31
persons.

Age group: 17-18 years
Date and place of implementation: Ystad Gymnasium 2022-11-15

Graph 1. The inquiry of the activity "Functions in two variables” was answered by 32 students. The activity was implemented in
Mathematics class and the inquiry were made of four questions graded in 5 steps.
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Conclusion

Expect for the disagreement in how the activity increased the students” awareness geospatially and
environmentally, the students thought that the activity was enjoyable and somewhat increased their
knowledge and interest in mathematical functions.

Differences between the sexes.



Graph 2 The results of the inquiry of the activity "Functions in two variables” answered by 17males. Four questions were graded in
5 steps.
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Graph 3 The results of the inquiry of the activity "Functions in two variables” answered by 10 female students. Four questions were
graded in 5 steps.
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Females were overall more positive to all the points in the survey. Males and females agreed on that
the activity was enjoyable. The biggest difference was that the activity made most females more
geospatially aware, but the males were not at all positive on that point. Noted should be that the
question asked about two things at the same time. “The educational activity has made me more
geospatially and environmentally aware”. The activity was only reflecting spatial abilities. So, the
differences of the sexes can not be interpreted without further considerations about the construction
of the question.

Challenges:

The most challenging part of the activity was to find the right version of Geogebra and that was the
same for both sexes.

Improvements:

When answering on how to improve the challenge many of the females wanted to have the purpose
of the activity explained and a better common introduction. Some of the males wanted better
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instructions. A few of both genders thought it could be made more challenging and some of the
students would have preferred to have the instructions translated to Swedish.

Scenario 4: Exploring European Environmental Statistics

There are four similar activities, this one is more open for the students, but also harder to
understand without rigid instructions from the teacher.

The scenario was implemented in Geography for groups work to explore differences in the statistical
variables between different countries and regions. The output of this scenario was an oral
presentation.

Scenario 4 was implemented in Geography class.

The inquiry was answered by 18 persons.

Age group: 18-19 years

Date and place of implementation: Ystad Gymnasium 2022-11-18

Graph 4 The results of the inquiry of the activity "Exploring European Environmental statistics” was answered by 18 students.. The
activity was implemented in Geography class. Four questions were graded in 5 steps.
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Conclusions:

The result of the inquiry says that the activity was enjoyable, but no further conclusions could be made
of how it improved the students’ awareness, interest or knowledge.

Many of the students did not answer the last question because it was placed on the back side of the
paper. So, the last question was only answered by 9 people. This was also the reason of why no
diagrams for each sex could be made.

Challenges:

The students thought that the website was difficult to understand and orientate on, the statistics were
hard to find, but one student found that it was quite hard in the beginning of using Eurostat but when
you learned how to use the site it was a great aspect to improve your learning.
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Improvements:

Suggestions for improvement were to find better (less boring) videos and explain the assignment
better.

Scenario 4 was also implemented in the Environmental Science, but with a slightly different purpose,
to find statistics showing different measures of Food security in European countries.

The inquiry was answered by 5 males, 11 females, which in total are 16 persons.
Age group: 18-19 years
Date and place of implementation: Ystad Gymnasium 2023-01-11

Graph 5 The inquiry of the activity "Exploring European Environmental statistics” was answered by 16 students. Four questions
were graded in 5 steps.
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Conclusions

The students found the activity enjoyable and slightly improving their interest and knowledge for the
subject.

Challenges
Students found that it was hard to navigate on the page and finding the statistics.
Improvements

Suggestions for improvements was to make the structure better and give more concise instructions
on how to find statistics, make the task more interesting, with more profound questions and variations
of tasks.

Scenario 5: Google Maps and geographical concepts.

In this scenario, STEAM education was implemented in Geography class. 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. Google maps was introduced by the teacher in how to use different
features of Google Maps, such as setting routes, using the satellite function, and accessing Google
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Street View. The activity was made to develop map reading and orientation skills and introduce
geographical concepts such as: latitude, longitude, projection, turning circuit, equator, arctic circle,
coordinates. This were tested in a series of questions solved with the help of Google maps.

Scenario 5 was implemented in Geography class with 9 students. The last question was only answered
by 4 students.

Age group: 18-19 years
Date and place of implementation: Ystad Gymnasium 2022-11-22

Graph 6: The activity Google maps and Geographical concepts was implemented in Geography. An inquiry of 4 questions was then
answered by 9 students (except for the last question that only 4 students answered)
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Conclusions

The activity was enjoyable but did not improve or increase the students’ knowledge, interest or
awareness.

Challenges and improvements

As only four student commented the activity’s challenges and improvements the answers are not
certain, but the students did not find the task challenging rather they thought the activity could be
made more useful and then it could also be more interesting.

Scenario 6: Geodesic drome

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. In Ystad a smaller, cheaper and easier variant
of building blocks, Strawbees, was used.

Scenario 6 was implemented in Mathematics class with 9 students, 5 boys and 4 girls.

Age group: 17-18 years
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Date and place of implementation: Ystad Gymnasium 2023-02-17

Graph 7: The activity Geodesic domes was implemented; 9 students evaluated the activity by answering an inquiry.

Geodesic domes

7
6
5
a
3
5 mll [] | [
The educational The educational The educational The educational
activity improved my activity was activity increased my activity has made me
knowledge on the enjoyable. interest in the subject more geospatially and
subject taught. covered. environmentally
aware
| strongly disagree | disagree
M | neither agree nor disagree W | agree
M | strongly agree
Conclusions

There is an overweight of positive answers in the evaluation and most of the students found the
activity enjoyable. Due to the low number of students other conclusions of the evaluation cannot be
drawn.

Challenges
To find solutions on how to assemble the parts, especially when some parts were lacking.

Improvements

To better the activity the student proposes that the introduction of the activity should be better,
especially on the aim and method. The teachers should also assure that enough building blocks were
available so nobody should run out of building materiel. The more positive students wished for more
models to build and more complicated figures.

Differences between the sexes

Graph 8 The activity Geodesic domes when 5 males evaluated the activity.
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Graph 9 The activity Geodesic domes 4 females evaluated the activity. To be noted is that the Y-axis has halves, but persons should
not be counted in halves.
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The low number of participants, 5 males and 4 females, hinders any conclusions and the results should
only be considered random.
Scenario 7: Optical illusions.

Scenario 7 was implemented as a class activity with 24 students: 11 boys, 7 girls and 6 students that
chose no gender.

Age group: 16-17 years
Date and place of implementation: Ystad Gymnasium 2023-02-17

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.
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Graph 10 Evaluations of the activity optical illusion answered by 31 students.
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Conclusions

The graph suggest that the activity was enjoyable and somewhat increased the interest in the subject
covered. There is also a few more responses that agrees in that the activity increased geospatial
awareness.

Differences between the sexes.

Graph 11 Evaluations of the activity optical illusion answered by 11 males.
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Graph 12 Evaluations of the activity optical illusion answered by 7 females,
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Graph 13 Evaluations of the activity optical illusion answered by 6 student who chose no gender option.
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Conclusions

The females are more positive in their answers on the inquiries, it seems that optical illusions were an
enjoyable learning experience that made females interested and geospatially aware, while the
individuals that chose to not reveal their gender took a more negative approach. The males thought
it was an enjoyable activity.

Challenges and improvements

The students mentioned that some pictures were harder to interpret but they didn’t think that the
tasks were challenging. To better the activity the student proposed that would have liked to paint
some of the figures and that they would have liked more explanations to every optical illusion.

Scenario 8: Earth observations and Satellite images in your classroom.
In this scenario spatial education was incorporated in an English class.

After 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. the students were allowed to try the EO-browser.

The instructions were given in English and after the introduction the students were to identify a
location in Turkey that was damaged by the earthquake in February 2023.

Scenario 8 was implemented as a class activity with 16 students: 7 boys, 5 girls and 4 students that
chose no gender.

Age group: 16-17 years

Date and place of implementation: Ystad Gymnasium 2023-02-17
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Graph 14: Evaluation of the activity “Earth observation and Satellite Images” made by 16 students.
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Conclusions:

The activity Earth Observations and Satellite Images was well liked with most of the students.

It improved the knowledge, increased the interest and made the students more geospatially and
environmentally aware. It was also enjoyable.

Differences between the sexes

Both sexes had approximately the same positive experiences of the activity, beside the question on
how it increased their interest. Boys became more interested in the subject than the girls. But it is a
low number of girls and girls in the inquiry which should be considered.

Graph 15 Evaluation of the activity “Earth observation and Satellite Images” made by 7 male students
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Graph 16 Evaluation of the activity “Earth observation and Satellite Images” made by 5 female students
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Graph 17 Evaluation of the activity “Earth observation and Satellite Inages” made by 4 students who chose the no gender option.
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Challenges

It took some time to understand how the EO-browser functioned, to find good images with good
enough resolution on the same location on the map.

Improvements

Most student wanted more time to explore the EO-browser some a better pre-understanding as well
as better instructions on how the menu worked.
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3.1.2.Results of the implementation in Austria, Bundesgymnasium Schwechat

The GOSTEAM scenarios, which were designed and implemented at BG/BRG Schwechat have an focus
on STEAM education. STEAM (Science, Technology, Engineering, Arts, and Mathematics) education is
an interdisciplinary approach that focuses on educating students on these five subject areas through
a problem-solving and inquiry-based approach. In this report, we will discuss some educational
scenarios about STEAM education implemented at BG/BRG Schwechat across various subjects and age
groups.

At BG/BRG Schwechat activities are implemented in the subjects Mathematics, Physics, Geography,
Art education, Geometrical drawing and Crafting by 7 teachers during 2 implementation periods, the
first in the schoolyear 2021/22 and the second in the schoolyear 2022/23.

Results of the students’ questionnaire for Scenario 1: Mathematics - Functions in 2 Variables

In this scenario, spatial education is implemented in Mathematics classes.

The educational activity involving the analysis and illustration of functions in two variables using the
PC program "GeoGebra" (www.geogebra.org) is a hands-on experience that promotes the
development of math and technology skills.

Functions in 2 variables
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Results of the students’ questionnaire for Scenario 2: Physics - 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. Teachers and/or students use the app “Phyphox”
(https://phyphox.org), which is a free application for iOS and Android operating systems.

Acceleration and gravity in 3D space
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Results of the students’ questionnaire for Scenario 3: Geography — 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.

21


https://phyphox.org/

Activity in Geography: Earth Graticule
Implementation period 1 - 2021/22
21 questionnaires

Please indicate your level of agreement with the following statements:

1. The educational activity improved my knowledge on the subject taught.
2. The educarional activity was enjoyable.

3. The educational activity increased my interest in the subject covered.
4. The educational activity has made me more geospatially and environmentally aware.
5. The Teacher prepared and delivered lessons in an understandable way.
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Results of the students’ questionnaire for Scenario 4: Earth Graticule

The educational activity "Earth graticule" is designed to help students understand the concept
of the graticule of the Earth.

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 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.
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Activity in Geography: Earth Graticule
Implementation period 1 - 2021/22
21 questionnaires

Please indicate your level of agreement with the following statements:

1, The educational activity improved my knowledge on the subject taught.

2. The educational activity was enjoyable.

3. The educational activity increased my interest in the subject covered.

4. The educational activity has made me more geospatially and environmentally aware.
S. The Teacher prepared and delivered lessons in an understandable way.
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Results of the students’ questionnaire for Scenario 5: 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.

Activity in Arts Education: Mirror Anamorphosis
Implementation period 1 - 2021/22
12 questionnaires

Please indicate your level of agreement with the following statements:

1. The educational activity improved my knowledge on the subject taught.

2. The educational activity was enjoyable.

3. The educational activity increased my interest in the subject covered.

4. The educational activity has made me more geospatially and environmentally aware.
5. The Teacher prepared and delivered lessons in an understandable way.
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Results of the students’ questionnaire for Scenario 6: 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.

Experiments with PET rockets
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Results of the students’ questionnaire for Scenario 7: 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, manual skills, and environmental awareness. The
goal is to plan and implement geodesic domes made of slatted frames for the school yard, using
mathematical principles to ensure the structural integrity of the domes.
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Geodesic dome
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Results of the students’ questionnaire for Scenario 8: 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.

Creation of spatial figures with CAD software
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3.1.3.Results of the implementation in Greece, Ellinogermaniki Agogi

Multiplier events: dates; number of participants; number of completed questionnaires
collected; description.

Ellinogermaniki Agogi (EA) has designed 10 GOSTEAM educational scenarios for classroom
implementation (available at https://gosteam.eu/scenarios ). All scenarios were beta tested
with teachers and members of the school’s Research & Development Department (mainly
researchers in science education).

The main implementation took place at Ellinogermaniki Agogi School but there were also
some scenarios that were disseminated and implemented with students at other schools as
well. A detailed description of the scenarios and their implementation is presented within the
project’s implementation report. Overall, 5 scenarios were implemented in class with
students while one scenario was implemented with 130 teachers as part of a professional
development course workshop of a credited course offered by the Hellenic Open University.

Scenario #1 : Selecting offshore Wind Farm sites

This is a project based scenario that lasts for at least 6 didactic hours. Students work in small
groups and complete the assignment after a few weeks depending on the time spent per week
(1 or 2 hours). During this scenario students identify suitable areas for Offshore Wind Farms
using different criteria. In order to do so they use digital maps and images, and tools (e.g.
QGIS) where they can visualize & analyze data.

The scenario was implemented in 2022 and 2023 with the following participants:

a) In April-May 2022 with 150 students (6 classes, grade 7) and 8 teachers (during COVID 19
period — school was operating following health measures). During this implementation 40
guestionnaires were collected.

b) In April-May 2023 with 150 students (6 classes, grade 7) and 7 teachers (post COVID 19
period). During this implementation 98 questionnaires were collected.

Before the beginning of the activity, students are separated to groups of 2 students. One of
the group members is responsible for the tasks’ flowchart implementation, data acquisition
and the appropriate steps to be followed during the activity. The second member is
responsible for the results validation and communication, including the final report and the
maps preparation. In the case where the students form groups of 3, the third member leads
the task of reporting and final maps presentation.

Below we present the results from the two implementation phases along with the difficulties
the students experienced and their suggestions for improving our classroom activity:
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April-May 2022 data analysis

The educational activity increased my interest
in the subject covered.
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About 75% (30/40) students agreed or strongly agreed that the implemented activity
increased their interest in the subject covered. Only one person (1/40) strongly disagreed with
the above statement.

The educational activity has made me more
geospatially and environmentally aware.

1. I strongly disagree 3. I neither agree nor 4.1 agree 5.1 strongly agree
disagree
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Following a similar pattern to the previous question, 80% (32/40) of students had a positive
attitude towards being more geospatially and environmentally aware due to the classroom
activity.
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The educational activity was enjoyable.
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Data shows that for most of the students (90% that is 36/40) the activity was enjoyable and
fun to implement. It is to be noted that no person strongly disagreed with the comment and
only one student did not seem to enjoy the activity.

The educational activity improved my
knowledge on the subject taught.
30
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0 — —

1. I strongly disagree 3. I neither agree nor 4.1agree 5.1 strongly agree
disagree

Regarding the improvement in their knowledge due to the Offshore wind farm activity, 93%
(37/40) believe that the activity helped them to acquire new knowledge on the topic taught.
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Please indicate your gender:
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The class was gender balanced as we had 19 females, 20 males and only one person that
preferred not to indicate its gender.

The educational activity improved my knowledge on
the subject taught.
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As far as the “knowledge improvement” both females and males seen to agree (15/19 females
vs 12/20 males) or strongly agree (3 females vs. 6 males) with the above statement.

Following the activity, teachers had a discussion with their students on the difficulties they
experienced. As this scenario was on a new topic and very demanding as it required at least 6 didactic
hours to be completed, students seemed to have difficulties during its implementation. About 21% of
the (7/33) stated that they experienced some difficulties while the majority (25/33) found the scenario

straightforward. Out of 40 students, 7 did not participate in the discussion (2 were absent that day).
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Did you have any difficulties? (2022)

=Yes mNo = NA

The students identified their obstacles in mainly two different areas. They had difficulties:

a) to identify by considering the given criteria, the optimal area/island on the map. This was because
they struggled in meeting all criteria and overlaying operations.

b) in collaboration with each other.

Future Improvements

Furthermore, as part of the evaluation process, and based on the difficulties they experienced,
students made suggestions and recommendations for improving the Offshore Wind Farm scenario.
These were the following:

e [t would be good to discuss more ideas and be given access to more information about wind
farm before the actual classroom exercise starts.

® The activity should be disseminated to more schools (and implemented by students,
especially in areas where wind farms are operating) as they consider it important, and they
would have liked to work on this project with students from other schools as well.

e the activity should be made completely digital, meaning that they would prefer to work only
on digital maps on their computer screen without having to use maps printouts for they data
analysis etc.

e The scenario could be enriched with more activities, mainly hands-on that are related to the
subject. An idea was for students to create wind turbines (design the wings and 3D print

them).
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April-May 2023 data analysis

The educational activity was enjoyable.
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Data shows that for many students (60% that is 59/98) the activity was enjoyable and fun to
implement. About 20% (20/98) neither agreed nor disagreed with the statement while 30%
(29/98, out of which 15 strongly disagreed) did not seem to believe that the educational
activity was enjoyable.

The educational activity has made me more
geospatially and environmentally aware.
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Following a similar pattern to the previous question, 44% (43/98) of students had a positive
attitude towards being more geospatially and environmentally aware due to the classroom
activity. The percentage of students that strongly disagreed was 19% (18/98). There
comments within the discussion on the improvement of the activity are of great value.
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The educational activity increased my interest
in the subject covered.
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About 34% (34/98) students agreed or strongly agreed that the implemented activity
increased their interest in the subject covered. On the other hand, 31% (31/98) partially or
strongly disagreed with the above statement. The number of students that neither agree nor
disagree remains high and about 33% or 1 out of 3 (33/98).

The educational activity improved my
knowledge on the subject taught.
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Regarding the improvement in their knowledge due to the Offshore wind farm activity, 48%
(47/98) believe that the activity helped them to acquire new knowledge on the topic taught.
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Please indicate your gender:
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The class according to the way students indicated their gender does not seem to be gender
balanced as we had 43 females, 28 males with 27 students preferring not to indicate its
gender. So, females count for 44% of participating students, with males for 29% and students
that didn’t answer making up the rest 27%.

The educational activity improved my
knowledge on the subject taught.
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As far as the “knowledge improvement” both females and males seen to agree (17/43 females
vs 12/28 males) or strongly agree (6 females vs. 4 males) with the above statement over 50%
(23/43 females vs. 16/28 males).

33



Following the activity, teachers had a discussion with their students on the difficulties they
experienced. All 98 students participated in the discussion. About 60% of the (59/98) stated that they
did not experience any difficulties with the scenario and found it straight forward. However, 33%

(33/98) had difficulties different in completing the tasks that were assigned to them.

Did you have any difficulties? (2023)

=Yes mNo = NA

They seemed to have the same difficulties with the students that implemented the activity the year
before.

Thus, they had difficulties:

a) to identify by considering the given criteria, the optimal area/island on the map. This was because
they struggled in meeting all criteria and overlaying operations.

b) in collaboration with each other.

Out of the two, the second one has a special weight as in Greek schools the students are used to work
alone and complete any given task (homework, essay, research assignment etc) individually.

Future Improvements

Furthermore, as part of the evaluation process, and based on the difficulties they experienced,
students made suggestions and recommendations for improving the Offshore Wind Farm scenario.
These were the following:

e The tasks that were assigned to them were difficult to be completed (that was shown in the
previous discussion were 1/3 experienced some type of difficulty during the activity). Easier
tasks are needed so students can familiarize themselves with the topic and the digital tools
to be used.

e During the activity students feel that they need more support by their teacher as they have

limited time to complete a task and fell there falling behind.
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The activity should be made completely digital, meaning that they would prefer to work only
on digital maps on their computer screen without having to use maps printouts for they data
analysis etc.

They need more time to complete all tasks and also explore the specific topic. More didactic
hours should be devoted by the school for implementation.

The exercise should be available to areas (maps etc) outside Greece as well. This will give
them the opportunity to see and work with unfamiliar maps.

Implement the same exercise (methodology and structure) for a different study area. Apply
digital maps, educational tools, satellite images etc., and new criteria for studying other

topics.

Scenario #2 : Scale of the Solar System in a nutshell

In this activity students are introduced to the terms 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). After they become familiar with scales
(this can be taught during their math class or implemented as a pre-activity) they can edulge
into the solar scale scenario. Students will actually complete 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 will gain an understanding of the comparative size of the objects in our
Solar System and the great distances between them. This scenario was implemented with
students of EA and with students of the 1°* Gymnasium of Aigaleo (South Athens).

These two activities took place:

a) at Ellinogermaniki Agogi on November — December 2022 in 6 classes with 144 students and
9 teachers (grade 5)

b) at the premises of NGO’s “The Smile of the Child” at Koropi, Athens on the 30" of March,
2023 with 28 students and 2 teachers (grade 9).

After the completion of the activity, we discussed with students and had interviews (2022)

with teachers about their difficulties during implementation. Overall, the outcome of this

discussion can be summarized in the following difficulties/challenges the students had:
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e The time allocated for this exercise might not be enough (45’) as students are young
(5" grade) and it takes time for them to get organized and start the activity. Two
didactic hours (2 X 45’) would be a more realistic approach.

e The young students are not familiar with excel and struggle to make some basic

scaling calculations (even if they only require copy/paste and few other commands)

B E D ls F l G
1 1
Solar System objects Distance from the Sun (Km.) Planets radius (km.) | |Distance times the Sun's radius | Total distance on Earth (in m.J | Scaled size of the objects (in cm.

Mercury ‘57000000 2439 BL,86 40,03 0,00

Venus 108000000 6051 155,10 71,55 / 0,22
145000000 671 213,98 106,09 023

228000000 327,43 1 0,12

780000000 1120,14 560,07 251

1437000000 2063,65 1031,82 2,00

2871000000 122,99 2061,49 0,91

4530000000 65 3252,72 0,89

150000000 / 1737 21541 107,71 0,06
0 696340 0,00 0,00 25,00

Select the size of the sgin |
P =

e§
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Future improvements
Furthermore, as part of the evaluation process, and based on the difficulties they

experienced, students and their interviewed teachers made suggestions and
recommendations for improving the Solar Scale scenario. These were the following:
e Implement the activity by combining a digital and a hands-on version, where the
demonstration of the scale can take place in the school’s yard or even inside the
classroom (by decreasing the size of the Sun).
e Find an additional (online) tool to draw the planets’ orbits that will be more
engaging for the students.
e Integrate the activity to secondary school students (links to Math, Physics and

Astronomy lessons)

Scenario #3: Earth Observation & Satellite images in your classroom

During this activity students will be 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.

Hence, numerous and varied 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.

This scenario was implemented both as a classroom activity addressed to students and as a
hands-on workshop/training activity for teachers:

a) at Ellinogermaniki Agogi school on January 27, 2023 with 24 students and 2 teachers
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b) online within the framework for a CPD course for in-service teachers that was organized by
the Hellenic Open University in collaboration with the R&D Department of Ellinogermaniki
Agogi. Overall, 130 teachers from primary and secondary schools all over Greece participated
in the training.

Following the activity at Ellinogermaniki Agogi, teachers had a discussion in the form of
interviews (2023) with their students on the difficulties they experienced.

This summarizes into the following:
e |t was difficult for the students to find case studies of natural disasters at local on

national level via the EO Browser satellites.

e There were incompatibilities with the satellite missions and students had difficulties
in finding satellite images between a specific time frame.

e After several unsuccessful attempts to gain data, students lost their interest in using
the digital tool. Maybe practice on the tool should be assigned — with instructions- so
students can practice e.g. a week before they implement an activity

e The allocated time to complete their tasks (45’) was not enough. Aw they were not
familiar with EO Browser students felt that they needed more time. At least 1 hour and
30’ according to their estimation. If the available tie remains 45’ then students should
be provided with predefined examples to work with.

Future improvements
According to both teachers and students the EO Browser tool and the activities associated

with it are very interesting and capture students’ interest on remote sensing and digital
mapping. Teachers see a great potential in implementing this tool in their class and linking it
to different scientific topics or study areas. Their suggestions for improving or modifying the

existing activity were:

e This activity should be part of a bigger project (8-10 hours). Ideally it can be
integrated within the “Skills Labs” course allowing students to practice on more than
one selected topics.

® As sometimes students experience internet connection problems during the activity,
it is recommended to have the images in digital form stored in the computers to be
used.

e Students felt that they need more time to explore various types of natural disasters,
combine or view images from different satellites and also be lectured on the different

satellite missions (what do we want to achieve with the collection of data).
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3.1.4.Results of the implementation in Italy, Fondazione Idis — Citta della Scienza

As already said above, in the contrary of the other partner organizations in charge to
disseminate the GOSTEAM approach and carry out the implementation of the scenarios,
Fondazione Idis is not a high school and this made a bit more difficult these operative phases
of the project. Moreover, lasting in Italy the lockdown consequent to the Sars Covid-19
pandemic until March 2022, an effective implementation of the scenarios in school year 2021-
2022 become de facto impossible.

Anyway, within the project meeting held in Schwechat on September 2022, the partners’
representatives agreed to implement a sample of five scenarios per country during school
year 2022-2023. So the data gathered in Italy refer just to that period.

31/31/2023 — two classes (11" degree) of the school were in Citta della Scienza to visit its
permanent exhibitions, so the project manager tried to take advantage of their presence to
implement a couple of scenarios.

The chosen scenarios were The Plastic of the Island and Light Paintings.

The Plastic of the Island

This scenario involved a whole class in the hands-on activities the scenario entails. 23 pupils
of the third year (11" degree) of high school answered the related questionnaires.

The graph below show their results related to the closed-ended questions reported in the
questionnaire.

The plastic of the island

The educational activity The educational activity The educational activity The educational activity
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As can be seen from the graph, the results show a clear prevalence of strong agreement with
all four statements. In particular, the best performance is found in the statement "The activity
was enjoiable", and this result can be related to the "hands-on" feature of the experience.

Light paintings

In this case even if a whole class of around 20 pupils watched the implementation of the
scenario, only 8 of them answered the questionnaire. This point can be explained considering
the fact that for time reason only a small part of them could actively participate to the
implementation, causing some disappointment in the others who merely watched.
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Anyway, the table below shows the results gathered from the questionnaires and the singular
coincidence of the same result for each of the four closed-ended questions, and that could be
explained considering the short number of answering pupils.

Light paintings
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Orthodromic routes

This scenario was implemented on 16/02/2023 and involved a class first (9" degree) of Liceo
Scientifico Alberti of Naples.

27 pupils answered the questionnaires and the results are shown in the graph below.
Orthodromic routes
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The larger number of respondents make these results more affordable. As can be seen from
the graph, the agreement to the four sentences is prevalent and in one case (The activity was
enjoyable) the strong agreement is absolutely prevalent. Also in this case the result can be
explained by the hands-on features of the scenario. Indeed, among the responses to the open
question “What aspects of the activity did you find most challenging?”, many of the
interviewed answer “the experiment with the globe and the wire”.
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Topographic profiles

Also this scenario was implemented on 16/02/2023 with a class of Liceo Scientifico Alberti,
but in that case it was a class third (11" degree) and 15 pupils filled the related questionnaire
the results of which are shown in the graph below.

Topographic profiles
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The general agreement with the statements related to the four closed- ended questions can
be explained considering that nowadays youngsters are not confidential anymore with neither
topographic nor just street maps, or their interpretation. The general consensus with the
statements relating to the four closed-ended questions can be explained by considering that
today young people are no longer confidential either with topographical or road maps, or with
their interpretation, and for this reason the experience has been configured for them as the
discovery of something very usual in a quite recent past.

The most recurring responses to the free-answer question “What aspects of the activity did
you find most challenging?” were “the use of the graph paper” or “the experience with the
topographic maps”. These answers can be explained considering the old fashions of these
tools. Another recurring answer is “the use of the spreadsheet to draw the topographic
profiles”, likely due to the unexpected use of this kind of software.

Epicentral location

This scenario was implemented three times, respectively on 16/02/2023 with a class fifth (13"
degree) always in Liceo Alberti, where 19 pupils attended it, and on 6/03/2023 and
15/03/2023 with two different classes fourth (12t degree) in Liceo Labriola, respectively of 13
and 16 pupils. Therefore, the general amount of high school pupils participating to this
scenario was 48.

The results of the 48 filled questionnaires are shown in the graph below.
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Epicentral location
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Even if more heterogeneous, the results show a prevalent consensus or strong consensus with
the statement reported in the questionnaire.

Analyzing the responses to the free-answer question “What aspects of the activity did you find
most challenging?”, the most recurrent ones refer to the availability and use of real seismic
data and their possibility of use for scientific-didactic experiences, this aspect mostly unknown
to the teachers themselves.

41



3.2. The impact of the GOSTEAM approach for the improvement of spatial thinking in schools
and other educational settings

This paragraph intends to offer an overview of the results of the implementation of the
activities as a whole by bringing together what emerged from the analysis of the answers to
the questionnaires compiled in all the countries in which this was carried out.

In particular, for all four closed-ended questions proposed by the questionnaires, the results
obtained are presented in two different ways:

e in the form of histograms as done in the previous paragraphs, but differentiated by
gender of the respondents;

e in the form of normalized bar graphs to better define the possible influence of the
respondent's gender on his/her approval of the proposed scenario.

Subsequently the same methods of presenting the results were used, however, grouping the
scenarios by thematic areas in particular by referring to the results that emerged from the
guestionnaires developed at the beginning of the project by the National Technical University
of Athens and compiled mainly by teachers and educators, and subsequently analyzed in
detail in Intellectual Output 02 A1 Users' requirements.

3.2.1. An overview on all the implemented scenarios

In the partner countries of the project for the implementation phase, 23 scenarios were
carried out with as many classes for a total of 553 high school students involved.

It should also be remembered that among the possible answers relating to the gender of the
interviewees (Female; Male; | would rather not answer) that in the case of some
implementations no answer was given by any of them. Therefore, answers of the type "l would
rather not answer" can be traced back both to a precise choice by the interviewee and to a
general lack of data collection.

Question 1: The educational activity improved my knowledge on the subject taught.

The educational activity improved my knowledge on
the subject taught.

.
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1.1 strongly disagree

2.1 disagree
M 3. [ neither agree nor disagree
B4 agree
B 5. [ strongly agree
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Presented in the form of histograms, the overall results show substantial agreement with the
statement, with a clear prevalence of "l agree" responses.

The educational activity improved my knowledge on
the subject taught.

Male 8.5% 7.2 HOS SO

I would rather notanswer  15.7%  9.8% —

Female 7.0%6.6% B 05 IS ——
0% 20% 40% 60% B0% 100%

L. I strongly disagree

2.1 disagree
B 3. [ neither agree nor disagree
W 4.1 agree
W5 [ strongly agree

Also in the form of bar graphs and expressed as normalized percentages, the results highlight
the high level of agreement with the statement without significant differences between
females and males (I agree: Female, 46.49%; Male, 50.67%). The results expressed by those
who preferred not to report their gender differ significantly from the others for reasons that
are difficult to interpret.

Question 2: The educational was enjoyable.
The educational activity was enjoyable.

100
a0
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&0
30
40
30
20
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Female [ would rather not answer Male

L. I strongly disagres

2.1 disagree
B 3. [ neither agree nor disagree
W 4. 1 agree
W 5. [ strongly agree

The level of agreement clearly increases when one asks how enjoyable and enthralling the

scenario was. For both genres, a clear increase in responses of the "l strongly agree" type can
be seen compared to the previous question.
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The educational activity was enjoyable
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B 5. [ strongly agree

This data is even more evident when the results are expressed in percentages in the form of
normalized bar graphs, with the usual but less marked anomaly of those who preferred not to
report their gender.

Question 3: The educational activity increased my interest in the subject covered.
The educational activity increased my interest in the
subject covered.
100

20
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&0
50
40
30

10

Female [ would rather not answer Male

L. I strongly disagree

2.1 disagree
M 3. I neither agree nor disagree
W 4. [agree
B 5. strongly agree

The answers to this question reveal a minor agreement with the proposed statement, with a

significant increase in undecided "l neither agree nor disagree", even if in general the level of
agreement or strong agreement is prevalent.
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The educational activity increased my interest in the
subject covered.

Male 8.5% B8.3%

I'would rather not answer  15.7% 15.7%

Female 6.6% 10.5%

0% 20% 40% 60% 80% 100%

1.1 strongly disagree
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M 3. [ neither agree nor disagree
W 4. Tagree
B 5. strongly agree

The data presented in the form of normalized percentages do not seem to reveal significant
differences related to the gender of the respondents.

Question 4: The educational activity has made me more geospatially and environmentally aware.

The educational activity has made me more
geospatially and environmentally aware.
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Female [ would rather not answer Male

1.1 strongly disagree

2.1 disagree
M 3.1 neither agree nor disagree
Wi Tlagree

B 5.1 strongly agres

The distribution of responses regarding this statement is very similar to that found
for the previous statement: almost similar trends between males and females with a
prevalence of positive responses among the latter.
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The educational activity has made me more
geospatially and environmentally aware.

Male 1399 12.1%

[ would rather not answer = 13.7% 10.8%

Female 7.5% 13.6%

0% 20% 40% 60% B80% 100%

1.1 strongly disagree

2.1 disagree
M 3. [ neither agree nor disagree
W4 lagree
M5 [ strongly agree

These data are substantially confirmed even when examined as normalized
percentages.

3.2.2.Results of the scenarios grouped by thematic areas

As previously mentioned, Intellectual Output 01 A2 "Users' Requirements" was delivered in
April 2021 which, starting from the results of a detailed survey developed by the National
Technical University of Athens, defined, among other, the thematic areas to which the
interviewees (teachers and educators) would have liked the scenarios to have referred for the
enhancement of the spatial thinking of the students.

The following graph summarizes the recurrence of the thematic areas identified by the
interviewees (for a more in-depth analysis of the topics, see Intellectual Output 04 Al Users'
Requirements available on the GOSTEAM project portal link)
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Concepts/Skills

As can be seen, the most recurring (17,05%) thematic areas are:
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Spatial thinking (17,05%) - "Location", "Orientation", "Organization of space and
geometric locations", "Perception of space with closed eyes", "Knowledge of the
territory", "Perspective", "Actionbound", "Distance";

Environment (13,64%) - "Climate change", "Climate zones, analysis of past climates,
anthropogenic influence on climate change, atmospheric pollutants" "Sustainability",
"Sustainable development ";

Space representation (10,23%) - "Shape", "Spatial coordinates and reference system
", "Room/ place", "Create objects with GAM Software", "App Xsections", "Fine
kinesthetic intelligence, geometric transformations";

Cartography and geography (6,82%) - "Cartography", "History of position and time
measurement and navigation (Astronomy, Cartography)", "Reading maps", "Map
projections", "Tide, coastline, sea level, localization".

Starting from these information, the results and the scenarios implemented were grouped on
the basis of their relevance to the aforementioned thematic areas in order to evaluate their
effectiveness also in relation to the wishes of their potential users.

3.2.2.1. Spatial thinking
This item results very heterogeneous and refers to many of the implemented scenarios facing
their subject under both analytic and/or perceptive ways. In order to get a general view on
this item, the grouped scenarios are:

Create spatial figures with 3D software;
Earth graticule;

Functions in 2 variables;

Geodesic dome;

Google Maps orientation;

Light paintings.

Therefore, this item groups 6 different scenarios for 8 implementations for a total of 152
participating students.

The educational activity improved my knowledge on
the subject taught.

Male LI A
I would rather not answer 10.0% 15.0% 35.0% -_
Female c2a@e ses%  [SeA% T

0% 20% 40% 60% 80% 100%

1. I strongly disagree

2. 1disagree

3. I neither agree nor disagree
W 4. Tagree
M 5. [ strongly agree
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In this case both for females and males the agreement or the strong agreement with the first
statement is prevalent. More uncertain are the results for the whom didn’t specified their
gender.

The educational activity was enjoyable

Male aseog.o0 [ EREN T
{ would ather not answer 0 100% [Z50%0 T IEORE
Female 3040 [ 2050 ISCE G

0% 209% 4004 60% 2004 100%

1.1 strongly disagree
2.1disagree
M 3. I neither agree nor disagree
W 4.Tagree
M 5.1 strongly agree

Regardless of the gender of the interviewees, the judgment on the enjoyment of the
experience is always very positive

The educational activity increased my interest in the
subject covered.

Male 5.895.8

I would rather not answer 5.0% 30.09%

Female 238

0% 20% 40% 60% 80% 100%

1.1 strongly disagree

2.1 disagree
W 3. I neither agree nor disagree
W 4. Tagree
M 5.1 strongly agree

For this statement there are slight increases in disagreement or uncertainty in the judgment,
even if the expressions of agreement remain prevalent.
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The educational activity has made me more
geospatially and environmentally aware.
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There are similar percentages of agreement, disagreement, or uncertainty for this statement.

3.2.2.2. Environment
For this item the grouped scenarios are:

e Earth observation;

e Exploring environment;

e Offshore windfarms.
Therefore, this item groups 3 different scenarios for 5 implementations for a total of 188
participating students. The results of the four closed ended questions for these grouped
scenarios are shown in the normalized bar graphs below:

The educational activity improved my knowledge on
the subject taught.
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Female 23
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The educational activity was enjoyable

Male 3.2%9

[ would rather not answer 35.0%

Female 23

0% 20% 409% 60% 20% 100%

1. I strongly disagree

2.1 disagree
M 3. [ neither agree nor disagree
W 4.1 agree
M 5. [ strongly agree

The educational activity increased my interest in the
subject covered.
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The educational activity has made me more
geospatially and environmentally aware.

Male 3.8%11.5%

I would rather not answer 3.0%.0

Female 2.3
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3.2.2.3. Space representation
For this item the grouped scenarios are:

e Create spatial figures with 3D software;

e Earth graticule;

e Functionsin 2 variables.
Therefore, this item groups 3 different scenarios for 4 implementations for a total of 105
participating students. The results of the four closed ended questions for these grouped
scenarios are shown in the normalized bar graphs below:

The educational activity improved my knowledge on
the subject taught.
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The educational activity was enjoyable
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The educational activity increased my interest in the
subject covered.
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The educational activity has made me more
geospatially and environmentally aware.

Male 3.8%11.5%
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3.2.2.4. Cartography and geography
For this item the grouped scenarios are:

e Earth graticule;

® Google maps orientation;

e Orthodromic routes;

e The map of the island;

e Topographic profiles.
Therefore, this item groups 5 different scenarios for 6 implementations for a total of 116
participating students. The results of the four closed ended questions for these grouped
scenarios are shown in the normalized bar graphs below:

The educational activity improved my knowledge on
the subject taught.
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The educational activity was enjoyable
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The educational activity has made me more
geospatially and environmentally aware.
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3.3. Implementation in partner countries. Data and results from Educators’ Questionnaires

3.3.1.Evaluation outcomes from the standard Educators’ questionnaires in the partner
countries

The evaluation of the GOSTEAM scenarios by the teachers/educators was carried out with
different methods in relation both to the characteristics of the partner organization and to
contingent needs dictated by the organizational methods of implementation in the different
countries.

In the case of the three high schools (Schwechat Gymnasium, Austria; Ystad Gymnasium,
Sweden; Ellinogermaniki Agogi, Greece) the questionnaires were filled in directly by the
teachers involved with their classes in carrying out the scenarios. In the case of the Idis
Foundation — Citta della Scienza (ltaly), since this organization is a science center without
teachers and classes, we turned to two different high school teachers who allowed several of
their classes to participate in the implementation of five scenarios during the 2022/2023
school year. To increase the number of questionnaires completed by educators in Italy, a
seminar was organized on 16 June 2023 during which 10 explainers from Citta della Scienza
carried out the five scenarios chosen for implementation under the guidance of the local
GOSTEAM contact person, and they evaluated them by filling in the appropriate questionnaire
but under an educator's perspective.

However, since the interviewees filled out the same questionnaire in both cases, it was
possible to group the results for a general evaluation. Therefore, finally we had 19 involved
teachers (6 from Austria, 3 from Sweden and 10 from Italy) who filled 69 questionnaires and
evaluated 18 different scenarios.

The graphs below resume the results of the closed-ended questions reported in the
questionnaire.

The educational activity seems to have increased
learners’ interest in the subject covered.
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The educational activity seems to have stimulated
learners' geospatial and environmental awareness.
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3.3.2.Further insights into a specific case of teacher training on the GOSTEAM approach and
its outcomes

A peculiar case is represented by the teachers' training process and the related evaluation as
implemented by Ellinogermaniki Agogi in Greece. This longer and more articulated training
experience was carried out on May-June, 2023 within a CPD course organized by the Hellenic
Open University, and addressed to in-service teachers on introducing STEAM and digital
educational tools into elementary and secondary schools. The duration of the program was
13 weeks (each week had a theme/module). The 13" week of training was organized by the
R&D Department of Ellinogermaniki Agogi.

Each week consisted of 8 hours of training, followed by the development/creation of a
classroom project activity or educational scenario. At the end teachers evaluated each module
throughout the completion of questionnaires (all) and interviews (limited number). Here we
present the GOSTEAM module and its evaluation. The topic of the 13" week was “Building a
sustainable colony on Mars”.

Overall, 403 teachers registered to the GoSTEAM module and were given access to
educational resources (GOSTEAM tools and scenarios). Out of these, 157 teachers from
primary and secondary schools all over Greece participated in the training and of those, 147
in the evaluation.

As part of the training the teachers:

a) were introduced to STE(A)M pedagogy and were provided with specific GOSTEAM scenarios
related to the selected topic: i) Solar panel placement on Earth, the Moon and Mars! ii)
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Potential landing sites on the Moon and Mars for my rover iii) How to use Google Mars (as in
Google Earth)

b) participated in a workshop in which they developed a game using SCRATCH coding language
following the instructions of the GOSTEAM scenario “Rover exploration game developed with
Scratch” that has been developed by Ellinogermaniki Agogi.

c) were introduced in general to GOSTEAM tools and followed a short training/demonstration
of the EO Browser tool.

Below we present information on the participants’ educational background (demographics),
area of specialty in teaching, type of position in their institution and years of experience in
teaching STEAM.

A. Participants demographic data

The trainees who completed the evaluation questionnaire of the GOSTEAM training have
obtained postgraduate specialization in a percentage of >50% and a small percentage of them
(<5%) hold a PhD.

Participants' level of Education

4,80%

= Bachelors = Masters Ph.D.

A large percentage of participants (> 65%) seem to have already attended training, certified
training related to STE(A)M training in some educational/training program, Conferences,
Workshops, Self-study Group, etc.
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[ have educational / certified training
in the field of STEAM (147 responses)

7,40%

5,80%
6,10%

7,80% (
10,90%

= Educational Training Program = Conference/Workshops = Self-education Group
= No Certified Training = Online seminars = Talks/Videos only
» Informal education events = No experience at all

The teachers who completed the questionnaire come equally from the three types of schools,
approximately 20% from Primary, 33% from Middle School and 35% from High School
(General & Vocational). A very small percentage of teachers from Special Education schools
(2%) and a School Director completed the questionnaire.

Teaching/Admin Position @

2,3% 0,6%

S

= Middle School = Elementary School = High School

= Ministry of Education = = Vocational High School = Special Education School

» Headmaster

If we study the status of the participants in the evaluation, we will find that the largest
percentage of them are IT teachers (>36% shown as MEO08), Mathematicians (=10% shown as
MEO3), Physicists (>6% shown as ME04) or other STEM careers (ME87-Engineers, ME88-
Environmental studies). Teachers and Kindergarten teachers and to a very small percentage

Philologists and teachers of foreign language courses also participate (in percentages <3.5%
shown as MEO2 and MEQ7).
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Educators — Specialty area

MNE07 MnE78
21% 1.4%
MESD
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21%
MEBOD _UESG
7 §9 36,3%
7.5%
MESs
2.7%
ME70
8.2%
NEoN2 ME71
3,4% 0,7%
MEOD4 Meon3
6,2% 96%
MES4 Mnes7
4 8% 21%

Despite the fact that the majority of trainees are professionals in STEM subject areas, contrary
to expectations, approximately 50% of the participants in the assessment have no previous
occupation/experience in STE(A)M training or have little experience/ employment
(percentage of 40% of trainees). Only a few (< 10% of trainees) appear to have some form of
involvement and previous experience in STE(A)M training.

Experience in teaching STEAM
(147 responses)

8,80%

= None =Less<lyear =1-2years =3-5years = More>5years

The vast majority of the participants have 0-20 years of experience (>70%). A smaller
percentage (about 20%) are professionals and/or teachers with 20-30 years of service and a
small percentage (<5%) with more than 30 years of service.
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Years of Experience
(147 responses)

4,70%

21,80%

= 0-10 years = 10-20 years 20-30 years = 30+ years

B. The GOSTEAM teachers training program evaluation

The real educational value of an educational program is realized only through the views of the
actual participants. Therefore, the evaluation questionnaires were designed and completed
anonymously and on a voluntary basis. Through the evaluation we sought to capture the
views of the trainees on the following main dimensions:

1. The clarity of the objectives and the quality of the content of the training

2. The acquired abilities, knowledge and overall educational experience

3. Workload during training and user support

These dimensions will help us realize the added value of the GOSTEAM training and what
could be improved for future iterations of the training program. The questionnaires were
divided into the following groups of questions:

1. Objectives and content of the training program

2. Gaining knowledge related to GOSTEAM

3. Overall educational experience of GOSTEAM resources

Q#  Questions Possible
Answers
Q1 The content of the module was presented in an 5 point
understandable way Likert
scale
Q2 The module content was well structured, sub- 5 point
modules and sub-topics were logically arranged in a Likert
predictable manner. scale
Q3 The module contents covered contemporary topics 5 point
Likert
scale
Q4 There was a balance between theoretical concepts 5 point
and practical examples Likert
scale
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Q5 There was a variety of alternative materials (e.g. 5 point

texts, videos, presentations, activities, etc.) Likert
scale
Q6 The assessment questions in the module are clear and 5 point
understandable Likert
scale
Q7 The assessment questions were relevant to the 5 point
learning outcomes Likert
scale
Q8 The learning outcomes and learning objectives of the 5 point
unit were clearly stated Likert
scale
Q9 The learning outcomes were supported by the 5 point
corresponding educational material Likert
scale
Q10  Most of the material presented was new to me 5 point
Likert
scale
Q11  The acquired knowledge and skills will improve the 5 point
possibility of integrating STE(A)M education into the Likert
daily life of my students scale
Q12  The practical work was relevant to the learning 5 point
outcomes Likert
scale
Q13 The content of the module was sufficient to 5 point
implement the practical work. Likert
scale
Q14  Whatdid you like best about this section? Open
question
Q15 Whatdid you like least about this section? Open
question

The evaluation of the objectives, content and learning outcomes of GOSTEAM training was
performed via the completion of a questionnaire. The Table above presents the part of the
questionnaire that deals with the GOSTEAM content and learning outcomes/benefits. It aims
to gather information about the clarity and usefulness of the training, as well as the benefits
of trainees in acquiring knowledge and skills to apply GOSTEAM in their classrooms with their
students. The questionnaire consists of 15 questions of which 13 are closed-type on a 5-Likert
scale, from 1: Strongly disagree to 5: Strongly agree, and the last two are open-ended
questions.

The results of the assessment for the first three questions relate to the GOSTEAM content
that was provided to the participants. There was an extremely positive response rate
regarding the content of the training. Around 75-85% of learners agreed/strongly agreed that
the content was presented appropriately and was well structured. 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. The small percentage of neutral and
the small percentage of negative ratings indicates that the content of the training was
adequate.
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Q1. The training’s content
was presented in an
understandable way
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50.00%

42.20%

40.00%
36.40%

30.00%

20.00%

11.70%

10.00%
7.10%
2.60%
o 1IN

m Strongly disagree

Q2. The training’s content
was well structured, sub-
modules and sub-topics
were logically arranged

44 50%

33.10%

6.50%

2.60%

m Disagree  m Neither agree or disagree Agree

Q3. The training’s
contents covered
contemporary topics

52.60%

29.20%

4.50%

= .

m Strongly Agree

The next two questions (Q-4, Q-5) referred to the balanced presence 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.). According to the responses, most
of the trainees (78%) agreed and strongly agreed that the theoretical concepts and practical
examples presented were quite 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 (in a percentage of
approximately 82%) 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.
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Q4. There was a balance Q5. There was a variety of
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Q6. The assessment questions Q7. The assessment questions
in the training are clear and were relevant to the training’s
understandable learning outcomes
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In the following two questions (Q-6 and Q-7) the trainees were asked about the criteria that
were applied for the evaluation of the GOSTEAM training program. The proposed assessment
guestions were also evaluated very positively. In both questions, the participants claimed that
the assessment items were clear, easy to understand and relevant to the learning outcomes.
Overall, there were no strongly negative reviews, so the evaluation data for the training
program seems to have been adequate.
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Q8. The learning outcomes
and learning objectives of the
training were clearly stated

Q9. The learning outcomes were
supported by the corresponding
educational material
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Regarding the participants responses about the learning outcomes and objectives of the
GOSTEAM training program Q-8 and Q-9), the trainees seemed satisfied. Over 74% of the
responses supported that the learning outcomes and objectives were clearly stated. These
guestions are very strong indicators of the thorough application and usefulness of the training
and the appropriateness of the STE(A)M | Science, Technology, Engineering, Arts and
Mathematics for Educators to meet the needs of learners for the implementation of the
GOSTEAM approach.

Q10. Most of the material
presented was new to me

Q11. The acquired knowledge and
skills will improve the possibility of
integrating STE(A)M education

into the daily life of my students
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In question Q-10 the learners were asked about the training materials used and specifically
whether the presented educational resources were new to them. The respondents agreed
and largely 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.

Q12. The practical work was Q13. The content of the module
relevant to the learning was sufficient to implement the
outcomes practical work.
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The acquisition of knowledge by the trainees of the GOSTEAM program is a critical component
of the evaluation methodology, as it represents the added value of the educational
intervention. The next question (Q-11) is very important, because it describes the answers of
the trainees in relation to the possibility of connecting and applying their knowledge & skills
in the classrooms and to their students. The vast majority (about 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). Overall, the disagree/strongly disagree
responses were around 13%.

The last two questions (Q-12 & Q-13) were about the experiential/practical activities of the
training. Mainly they refer to the GOSTEAM workshops (coding activity with Scratch, and the
GOSTEAM scenario using the EOBrowser). Overall, approximately 75% of trainees positively
assessed the association of practical work with learning outcomes. Moreover, there was a
relatively low percentage (about 9%) of negative responses, which means that only a few
learners failed to apply the learning outcomes to a large extent. Regarding the application of
the training content to practical work (bringing GOSTEAM tools into practice in schools), the
results were again positive with 76% of the responses stating that the GOSTEAM training
content was sufficiently satisfactory. This result shows that the training program was well
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structured and presented in a way that will allow the participants (teachers) to implement the
GOSTEAM approach to their schools.
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4. Main conclusions

The results of the evaluation from the implementation phase of the scenarios developed
within GOSTEAM present a substantial and widespread appreciation for these educational
proposals, both by teachers and educators in general, and by high school pupils who represent
the latest beneficiaries of the project.

From the detailed analysis of the implementation phase described in the previous chapters,
no significant differences seem to emerge in the appreciation of the educational proposals by
the learners based on the methods of implementation, whether they are based on the use of
ICT or on a hands-on approach -on.

Furthermore, the good feedback on the outcome of the scenarios is independent of the
gender of the students involved.

As far as the evaluation by teachers and educators is concerned, a strong appreciation for the
originality of the educational proposals emerges from the free answers, and it is particularly
significant where the contents of the scenarios integrate with the curricular programs of
various school disciplines.

The articulated and demanding work carried out by the members of the different partner
organizations of GOSTEAM has therefore been recognized and appreciated by the final
beneficiaries of the initiative, and the product of this work will remain available to European
teachers and educators on the project portal (https:/ /gosteam.eu/scenarios/).
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