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Abstract 
 

The main purpose of the Intellectual Output 02 is to provide the GOSTEAM consortium with a pedagogical 

framework introducing the strategies to match spatial learning with the STEAM disciplines. 

The development of this intellectual output involves the preliminary drafting of a list of the needs of users 

who should benefit from the actions and products created within GOSTEAM (IO02 -A1). In order to better 

define the needs of the beneficiaries, we started from the analysis of the results of the small-scale survey 

collected in the months of December 2020 and January 2021 (Survey of the state-of-the-art in the spatial and 

environmental education of secondary school age students). The results of these questionnaires were 

collected and presented in February 2021 in the IO01 (Guidelines and best practices for incorporating spatial 

thinking in STEAM education).  

 

In addition to the questionnaires, some focus groups took place in May 2021 carried out respectively by the 

high schools and the science centre partner of the GOSTEAM consortium in order to discuss some issues 

related to the scenarios to develop and implement within the project. 

In particular, the members of the consortium previously ideated and shared some relevant questions focused 

on the contents and on the features of the scenarios. 

In the focus groups were interviewed some samples of teachers working in the three high schools 

(Ellinogermaniki Agogi in Greece; Schwechat Gymnasium in Austria; Ystad Gymnasium in Sweden) and 

volunteers and explainers working in the science centre (Città della Scienza in Italy). The interviewees 

represented samples of potential final beneficiaries of the actions of GOSTEAM. 

 

The first part of this report integrates the data gathered from the questionnaires (in particular the fifth 

question, see below) and their analysis with the considerations emerged discussing within the focus groups 

the issues related to the contents of the scenarios to be developed.  
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Concepts/Skills typologies 
 

The analysis of the questionnaires  
The implementation of the survey involved the use of two different questionnaires addressed respectively 

to school managers and managers of organizations dedicated to non-formal science education, and to 

teachers of STEAM disciplines and guides of science museums, science centres or similar educational 

organizations. 

And reference was made to the results of this second questionnaire for the drafting of this list of the needs 

of GOSTEAM users. 

The questionnaire in question was divided into five main sections relating to different aspects of the 

interviewee's didactic activity, plus more precisely focused questions on some specific aims of the GOSTEAM 

project: 

1. Personal and professional information 

2. Current use of pedagogical approaches 

3. Current use of different aspects of teaching and learning 

4. Current use of different types of learning resources 

5. Spatial concepts/skills considered important in order to “shape” spatially and environmentally aware 

future citizens 

 

Additional questions: 

6. Elements/subtopics considered particularly useful for the development of spatial thinking skills in 

secondary school students 

7. Teaching strategies suitable for developing students’ spatial thinking skills 

8. Teaching tools suitable for developing students’ spatial thinking skills 

9. Information and Communication Technology tools and resources for developing students’ spatial 

thinking skills 

10. Educators’ proposals for open educational resources/tools relevant to cultivating spatial and 

environmental awareness 

11. Educators’ proposals for activities in the Arts component of STEAM 

 

The results of the questionnaire for teachers and educators have been thoroughly analysed and elaborated 

by NTUA and are available in the specific chapter of the IO01. 

 

 

As already mentioned, the purpose of this document is to define a list of the needs of the potential 

beneficiaries of GOSTEAM to be identified starting from the results of the survey and which can be satisfied, 

in part or in full, by the actions and tools developed in the scope of the project itself. 

Therefore, below we will proceed by examining the concepts that emerged in particular from the answers 

given by the interviewees to the fifth question (important spatial concepts / skills), and grouping them 

according to their affinity to highlight which ones of the concepts and contents suggested should be 

considered more relevant. 

 

Among the questions proposed in the educators’ questionnaire, the fifth (Spatial concepts/skills considered 

important in order to “shape” spatially and environmentally aware future citizens) is particularly significant 

being the one allowing the respondents to express the concepts and the skills they consider more relevant 

for the development of the spatial thinking in their pupils, and therefore suggesting us the thematic contents 

that could drive the ideation of the related hands-on activities. 
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The question asked the interviewees to express up to five concepts/skills related to spatial thinking, what 

age group of pupils they were targeted at, and what they thought was the most appropriate educational 

approach to teach them, in accordance with the following scheme: 

• Name of the concepts/skills; 

• Age of the pupils;  

• Educational approach. 

 

Altogether the teachers/educators suggested 88 concepts/skills associating them also the educational 

approach they usually use or they consider suitable to teach these topics. Moreover, in order to individuate 

the most recurring (and then significant) suggested concepts/skills suggested, some items have been 

associated by conceptual affinity (e.g.: such concepts/skills like “cartography”, “History of position and time 

measurement and navigation” or “reading maps” have been grouped into a single items). Association 

between different concepts/skills could seem a bit arbitrary however it has been done also considering the 

educational approach associated to each of them by the interviewees.   

Once this reduction/association was done, the items were reduced to 37. 

 

The table below resume the 37 items (column 1), and their absolute (column 2) and percentage (column 3) 

recurrence: 

 

Concept(s)/Skill(s)  
Recurrence 
(num.) 

% 

Action/theme  1 1,14 

"Area and surface", "Area and volume", "Volumes and measuring units" 3 3,41 

"Assigning city or place names to a certain world region (orientation; map quest)", "Create 
quizzes" 

2 2,27 

"Boundaries","Social awareness" 2 2,27 

"Build-up of Calculation skills", "GeoGebra in Maths"  2 2,27 

"Cartography", "History of position and time measurement and navigation (Astronomy, 
Cartography)", "Reading maps", "Map projections", "Tide, coastline, sea level, localization" 

6 6,82 

"Chemistry in our life", "Scale: atomic distances and masses compared with visible things", 
"Diffusion/osmosis", "Energy " 

4 4,55 

"Climate change", "Climate zones, analysis of past climates, anthropogenic influence on 
climate change, atmospheric pollutants" , "Sustainability", "Sustainable development " 

12 13,64 

Connections  1 1,14 

Distance (in circular orbits)  1 1,14 

Dynamic figures  1 1,14 

"Earthquake, location, fault distribution, correlation with tectonic structures ", "Volcanic and 
seismic risk", "Volcano, localization, geographical distribution, thematic maps, rock analysis" 

3 3,41 
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"Biodiversity", "Eco-friendly", "Fair produced or environmentally friendly brands", "Respect 
for the Environment " 

4 4,55 

Environment  1 1,14 

"Environmental risks", "Territory - Natural hazards"  2 2,27 

"Exoplanets and life", "Our place in the Universe" 2 2,27 

Form  1 1,14 

Geopolitics   1 1,14 

Informatics  1 1,14 

"Location", "Orientation" , "Organization of space and geometric locations", "Perception of 
space with closed eyes", "Knowledge of the territory", "Perspective", "Actionbound", 
"Distance" 

15 17,05 

Manipulating diagrams  1 1,14 

Microworld  1 1,14 

Minerals, distribution on Earth, areas at risk for "critical" minerals  1 1,14 

Molecular biology  1 1,14 

The mutual  1 1,14 

Nutrition  1 1,14 

"Shape", "Spatial coordinates and reference system ", "Room/ place", "Create objects with 
GAM Software", "App Xsections", "Fine kinesthetic intelligence, geometric transformations" 

9 10,23 

Speed and rate  1 1,14 

Succession of day and night (with respect to the angular velocity of the earth and the time 
zones)  

1 1,14 

Succession of seasons (with respect to the stability of the axis of rotation)  1 1,14 

Terrestrial and space mobility   1 1,14 

Thematic maps  1 1,14 

Understanding of science as based on models, for democratic access to science understanding  1 1,14 

The Unknown  1 1,14 

Visuospatial skills for the deepening understanding of Natural Sciences   1 1,14 
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Tab. 1: the concepts/skills associated by affinity, their absolute (col.2) and percentage (col. 3) recurrence 

 

The get a more effective overview of these thematic groupings and their relevance for the 

teachers/educators, below the same contents of the table above are shown as a histogram: 

 

 
 

Below the most recurring grouping are listed, briefly commented and sometimes related to each other. Each 

grouping has been named with a wider concept that would represent it in a more general way. 

 

Space perception 

As we can see, the most recurring grouping is the one containing "Location", "Orientation", "Organization of 

space and geometric locations", "Perception of space with closed eyes", "Knowledge of the territory", 

"Perspective", "Actionbound", "Distance", being mentioned 15 times out of 88 in the questionnaire and 

representing then the 17,05% of the responses. The predominance of this grouping is not due only to the 

high number of items that compose it (e.g.: the words location occurs more times in the responses to the 

teachers/educators’ questionnaire) and, as already said above, the association has been made also 

considering the related educational approaches suggested by the interviewees.  

 

Climate change 

The second grouping "Climate change", "Climate zones, analysis of past climates, anthropogenic influence on 

climate change, atmospheric pollutants", "Sustainability", "Sustainable development ", recurs 12 times and 

represents the 13,64%. This data testifies to the sensitivity of the world of school and education in general 

to environmental issues and, in particular, to the most stringent problems at a global level. In this regard, 

please note that only the item "climate change" occurs autonomously 8 times in the replies to the 

questionnaire. In any case, the series of educational approaches associated in the answers to these issues is 

particularly heterogeneous and themes of this type could be used in an ancillary way for the development 

and implementation of activities on spatial thinking. 

 

Space analysis 

0

2

4

6

8

10

12

14

16

A
ct

io
n

/t
h

em
e

"A
re

a 
an

d
 s

u
rf

ac
e"

,…

"A
ss

ig
n

in
g 

ci
ty

 o
r 

p
la

ce
…

"B
o

u
n

d
ar

ie
s"

,"
So

ci
al

…

"B
u

ild
-u

p
 o

f 
C

al
cu

la
ti

o
n

…

"C
ar

to
gr

ap
h

y"
, "

H
is

to
ry

…

"C
h

em
is

tr
y 

in
 o

u
r 

lif
e

",
…

"C
lim

at
e

 c
h

an
ge

",
…

C
o

n
n

e
ct

io
n

s

D
is

ta
n

ce
 (

in
 c

ir
cu

la
r…

D
yn

am
ic

 f
ig

u
re

s

"E
ar

th
q

u
ak

e
, l

o
ca

ti
o

n
,…

"B
io

d
iv

er
si

ty
",

 "
Ec

o
-…

En
vi

ro
n

m
e

n
t

"E
n

vi
ro

n
m

e
n

ta
l r

is
ks

",
…

"E
xo

p
la

n
et

s 
an

d
 li

fe
",

…

Fi
n

e 
ki

n
es

th
e

ti
c…

Fo
rm

G
e

o
p

o
lit

ic
s

In
fo

rm
at

ic
s

"L
o

ca
ti

o
n

",
…

M
an

ip
u

la
ti

n
g 

d
ia

gr
am

s

M
ic

ro
w

o
rl

d

M
in

er
al

s,
 d

is
tr

ib
u

ti
o

n
…

M
o

le
cu

la
r 

b
io

lo
gy

Th
e 

m
u

tu
al

N
u

tr
it

io
n

"S
h

ap
e

",
 "

Sp
at

ia
l…

Sp
ee

d
 a

n
d

 r
at

e

Su
cc

e
ss

io
n

 o
f 

d
ay

 a
n

d
…

Su
cc

e
ss

io
n

 o
f 

se
as

o
n

s…

Te
rr

e
st

ri
al

 a
n

d
 s

p
ac

e…

Th
em

at
ic

 m
ap

s

U
n

d
er

st
an

d
in

g 
o

f…

Th
e 

U
n

kn
o

w
n

V
is

u
o

sp
at

ia
l s

ki
lls

 f
o

r…

R
ec

u
rr

en
ce

Concepts/Skills

Concepts/Skills recurrence



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

 

The third grouping Shape", "Spatial coordinates and reference system ", "Room/ place", "Create objects with 

GAM Software", "App Xsections", "Fine kinesthetic intelligence, geometric transformations", recurs 9 times 

and represent the 10,23% of the total. In the respect of the first one, this grouping is more focused on the 

theoretical and analytic aspects of spatial thinking but that could be widely implemented also recurring to 

ICT resources, as underlined by the softwares and applets mentioned among the concepts. 

 

Representation  

The fourth "Cartography", "History of position and time measurement and navigation (Astronomy, 
Cartography)", "Reading maps", "Map projections", "Tide, coastline, sea level, localization", recurs 6 times 
(6,82%). It represents a grouping strongly related to the first and the third, and its topics are particularly 
evocative of the efforts of human beings to memorize and transfer the knowledge of their world throughout 
history. 
 
Lab experiences 
The most of concepts represented in this grouping ("Chemistry in our life", "Scale: atomic distances and 
masses compared with visible things", "Diffusion/osmosis", "Energy "; 4 times, 4,55%) it relates to 
experiences that can be carried out in a laboratory, which is based on non-formal education or even of a 
traditional type. In particular the concepts of Scale and Diffusion/osmosis are strictly related to space and 
spatial thinking although mostly on a microscopic scale. 
 
Environmental issues  
The grouping "Biodiversity", "Eco-friendly", "Fair produced or environmentally friendly brands", "Respect for 
the Environment") as the previous also recurs 4 times (4,55%). The concepts expressed are for sure 
interesting and seem to reflects the background and the sensitiveness of the respondents, but the possibility 
of relating them to spatial thinking and proposing them through interactive didactic experiences seems 
rather a stretch. 
 
Then we mention two groupings that occur 3 times (3,41%) each, both strongly correlated to spatial thinking 
even if from different perspectives: 
 
Geometric relationships 
"Area and surface", "Area and volume", "Volumes and measuring units", although not particularly recurrent, 
this grouping is particularly significant in relation to spatial thinking and could be considered accessory to the 
group “Space analysis”. 
 
Earth science  
"Earthquake, location, fault distribution, correlation with tectonic structures ", "Volcanic and seismic risk", 
"Volcano, localization, geographical distribution, thematic maps, rock analysis". This group also isn’t 
particularly recurring, however Earth sciences would deserve some attention because they can be effectively 
treated with the help of even the most popular geographic software on the web. 
 

The remaining groupings mentioned in this document recur 2 times (2,27%) each. 

  

Astronomy 

The educational approaches related to both the concepts of the grouping "Exoplanets and life", "Our place 

in the Universe" suggest “hands-on activity with models and real astronomical data” and are quite generic 

anyway such concepts like. These suggests strong link with the ones of other more recurring groupings.   

 

Role games and PMs 
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The grouping "Boundaries" "Social awareness" seems to be more associated to social issue than spatial 

thinking also considering the description of the related educational approaches. 

 

Math 

The concept grouped in "Build-up of Calculation skills", "GeoGebra in Maths" mention in their related 

educational approaches strictly mathematical issues with little reference to spatial thinking. 

 

Environmental risk 

The concepts grouped in "Environmental risks", "Territory - Natural hazards" are quite significant but they 

could be related to more represented grouping and could be implemented by the development of special 

thematic maps. 

 

Feedback to the thematic areas resulting from the questionnaires obtained from the focus 

groups 
 

The first issues proposed to the participants to the focus groups held in May 2021 was the most relevant with 

the perspective scenarios (How can the scenarios foster the connection between spatial thinking and 

STEAM?). The most relevant considerations that emerged during the discussions are set out below. 

 

Spatial thinking, dealing with space, surroundings, places and their representation and shaping is present on 

many levels and in many subjects and is content of discussions. The connection between different subjects 

and their understanding of spatial thinking therefore is very promising for a discussion on this topic. STEAM 

education can serve as a method to promote spatial awareness on many levels and therefore combine them. 

Sometimes science and geography teachers have different background, where science teachers are more 

skilled in mathematical issues and less in social science education and vice versa.   

Spatial thinking is a common ground, and it is important that the scenarios can consider and see the 

difficulties in making the problems and tools easy enough for the students and yet challenging enough to be 

interesting. 

There is definitely a connection to cartography, environmental changes, urbanization and satellite 

imagery. 

The use of technology can be very beneficial here. 3D graphics programs make it possible for the students to 

vary the simulated environment independently and thus to inquire about it. This enables them to recognize 

connections and expand their spatial thinking. Hence, modern instruments such as GIS to monitor, analyse, 

and visualise, as well as Google earth, GPS, 3D-scanners, I-phones or compass could connect the different 

scenarios to simple or more complex daily spatial problems. 

Some psychologists attending the focus groups held in Italy told they would rather define the concept as 

“spatial intelligence” also according with their background. They referred to tests to assess the spatial 

intelligence of individuals and, consequently, the group formulated the hypothesis of "overturning" the 

use of tests to identify functional key points to better convey and enhance the spatial skills of potential 

learners. 

Within the discussion reference was made also to some games, virtual or real, the participants consider 

effective to asses or also enhance spatial skills in individuals. 

Another significant topic that emerged from this second meeting was cartography and, more generally, the 

problems relating to the representation of the earth's surface and its changing trough time. In particular, the 

theme of cartographic projections and the anomalies deriving from representing a spherical surface on a 

plane and the geometric arrangements used for the main cartographic project. 
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Other relevant issues refer to topographic maps and morphology, as well as to environmental problem 

solving or disaster risk management. 
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Educational approaches typologies 
 

Questionnaires results 
Moreover, even the educational approaches suggested by the interviewees were in some more general 

macro-categories. Also in this case the categories were chosen by the members of the GOSTEAM consortium 

in charge to elaborate the IO02 “Methodology”, anyway they were individuated crossing both the contents 

and the descriptions of the related educational approaches. 

A table resuming the individuated categories, their absolute and percentage recurrences, the associate 

Concepts and Educational Approaches they derive from, is available in appendix A. The graphs below the 

recurrence of each of the twelve individuate categories: 

 

 
 

 

Innovative learning methodologies (24 times; 26,97%) – this category collects a heterogeneous set of 

possible educational approach. Anyway, the most explicitly mentioned approach is “inquiry-based learning”; 

 

Hands-on activities (15 times; 16,85%) – this category groups all the approaches based on the use of 

materials tools in an unconventional way; 

 

Other (15 times; 16,85%) – this category indicates all those very generic descriptions not attributable to any 

specific type;  

 

ICT (14 times; 15,73%) – this category envisages several ICT-based approaches like the use of special software 

as well as more generic (web resources, etc.); 
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Outdoor activities (4 times; 4,49%) - although much less represented than the previous ones, this category 

is mentioned as it is considered particularly significant in relation to the development of spatial thinking. 

 

The educational approach from the focus groups 
The fifth question discussed within the focus groups is in our opinion the most strictly related to the topic of 

the educational approach topologies (5. How can we develop scenarios using various levels of difficulty, 

both in class and distant learning, using ICT technologies, etc.? Would teachers and educators feel a need 

to have such scenarios in hand?) 

 

Developing scenarios in different levels could be prosecutable and teachers are used to that. One way is to 

have some activities/scenarios with low level of difficulty and some with higher. Another way is to 

incorporate different levels in each activity, A, B and C for example in each activity.  

It could be helpful to have such scenarios in hand, for teachers and educators in hand. 

Didactic means also depend on structural conditions (group size, environment, technical equipment, etc.). In 

times with many distance learning phases, it makes sense to outsource certain work areas at home. Technical 

aids are clearly necessary for this. In terms of content, there are automatically different degrees of difficulty 

or intensities of dealing with a topic via process-based work, in which not only the product is central. Pupils 

develop their ideas, plan the implementation, and make things. In ideal art and craft lessons, each path differs 

through the individual work process. The right structural conditions are also key here. 

The scenarios should include work phases in which the students should work on tasks alone or in teams. The 

tasks can be designed with increasing difficulty. It is not necessary that all students complete all tasks. 

Another method is “tiered help”. For a more complex task, “less advanced” pupils can take help on pre-made 

cards. “More advanced” students may manage the tasks without assistance.  

By scaling up or down the a) background STEM skills and knowledge needed b) digital tools to be used (from 

simple to more complex applications, processes, data structures and models).   

The scenarios should be designed on the basis of the schools analytical program. Some student focus groups 

(e.g. science clubs of 5-10 students) could act as testbed to ensure that the proposed educational scenarios 

can be implemented in real classrooms. 
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Gender Gap and spatial thinking 

As already mentioned in the IO01, in spite of the rising number of girls and women participating and 

succeeding in STEM fields, a gender gap is still observed. It becomes evident from childhood, 

through adolescence and adulthood where it is quite large and manifests itself in the number of 

women in science and engineering workforce, and the proportion of university graduation degrees 

in relation to men. Interventions regarding spatial skills have been proposed as a solution to reduce 

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

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

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

cultivation of spatial skills through the curriculum is considered important for increasing the number 

of students able to pursue a career in STEM (Uttal, Miller, et al., 2013). Researchers also recommend 

that spatial training should begin early in education before the gender gap becomes wider 

(Newcombe & Frick, 2010). 

 

Within the focus groups, the second question (How can GOSTEAM address the gender gap in STEM 

through the scenarios (e.g., ways to attract girls)?) was discussed in a very articulated way with 

numerous examples supporting different visions.  

A sensitive issue emerged from the focus groups: if gender gap is only a cultural conditioning or the 

female brain is rather more predisposed for humanities than for STEM, even if it is only a 

predisposition but not a rule. 

Anyway, the gender gap is not only a problem in STEM areas, but a problem that affects society as 

a whole1. The differentiation into supposedly male and female characteristics of fields of activity 

already takes place in the first children's books. Often the same toy offer differ versions aimed 

respectively to boys and girls. The topics are accordingly stereotypical. The art market is also often 

male-dominated and not free from this problem. So it is no better in art either.  

 

Children are confronted with role models from birth. Influencing this positively should be done as 

early as possible, for example in the elementary education area. But of course schools / universities 

shouldn't blame themselves for increasing inequalities either. A historical function of schools is 

selection. This selection can still be seen in the school system today. In Austria, the separation of 

technical and textile works will only be dissolved from the school year 2021/22 and a new subject 

will be created. Traditionally, more girls have been in textile craft classes and boys have been in 

technical classes. This amalgamation with other measures offers a good chance to bring about a 

change in social roles in this area. Working with different technologies and techniques and dealing 

with content from a wide variety of areas can make a contribution and is one of the aims of the 

proposed. 

 

 

 

 
1 European Commission, 2020 factsheet on the gender pay gap, November 4th 2020 

(https://ec.europa.eu/info/sites/default/files/aid_development_cooperation_fundamental_rights/2020_factsheet_on
_the_gender_pay_gap.pdf) 
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In any case, some specific considerations derived from the focus group carried out in Sweden: 

 

 

• In Sweden girls have higher grades than boys I almost everything  
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• The TIMMS shows that there are no significant differences in Mathematics for boys or 

girls in the eighth grade (14 year olds )
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• Pisa results 2015 shows that there is no statistical difference between boys or girls in 

science or mathematics. 

 
 

A personal reflection from one of the interviewed is that girls would prefer more creative tasks, like 

colouring and adding symbol to maps in I QGIS.  

If the scenarios are well designed addressing current problems and questions that the youth have, 

there is a higher probability that both girls and boys succeeds in the given tasks. In Sweden there is 

a significant difference in reading comprehension, so making the question/scenario easy to 

understand will give boys a better opportunity to do well?  Hopefully, the scenarios created will 

attract both genders because they address relevant problems and interesting topics for youth. 

Regardless of innate or induced factors a possible strategy could be enhance motivation highlighting 

the most attractive aspects for female beneficiaries. 

In connection with the European directives on gender equality, the member states have adopted 

their own strategies2. 

If we make clear that STEM is necessary to change something, to improve the situation and 

develop new ecofriendly methods, girls might be more interested. 

Moreover, making teaching more attractive through everyday relationships and gender-

segregated teaching in specific subjects. (The curricula are gender-oriented and assign girls and 

boys social roles that are based on stereotypes.) 

 
2 E.g.: Camera dei Deputati – Ufficio Rapporti con l’Unione Europea, Piano d'azione dell'UE sulla parità di genere 

nell'azione esterna dell'UE 2021-2025 
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Similarly, it was suggested to conceive the scenarios so that they can be implemented in the 

exhibition spaces and conducted by female guides to make their contents more attractive for girls 

(e.g.: providing role models as pioneers of the geospatial information science and geospatial 

technologies).  

Also to conceive the environment where to carry out the scenarios be neutral (without a gender 

characterization) could represent an effective strategy.   

If the scenarios are well designed addressing current problems and questions that the youth have, 

there is a higher probability that both girls and boys succeeds in the given tasks. In Sweden there is 

a significant difference in reading comprehension, so making the question/scenario easy to 

understand will give boys a better opportunity to do well?  Hopefully, the scenarios created should 

attract both genders because they address relevant problems and interesting topics for youth. 

Other relevant issues are focused on subjects and tools (e.g.: map production and thematic maps 

representations (symbols, colors, layouts etc.), considering that most of the times, each map 

represents the individual’s personality and its “artistic” point of view; interactive thematic maps and 

map storytelling (using online tools) related to regional or national music preferences and history, 

paintings and artists, national radio catalogues, cultural heritage spatial distribution, etc.). 
Data collection and presentation in the form of infographics. This way of illustrating data analytics and text 

based information related spatial skills captures attention, conveys information and encourages data 

retention despite their complex nature.  

 
 

Art as an objective and an educational tool at the same time 
 

From the discussions about the third question proposed in the focus groups (How Art can be used 

to cultivate spatial thinking and . E.g.: can we also engage art teachers in the project?) it clearly 

emerged that art can represent both a goal and a powerful tool to facilitate the learning of STEM 

and spatial thinking. 

In all the focus groups carried out in the different countries, art was considered a powerful tool to 

enhance the comprehension of STEM and spatial thinking, as also reported in the Union programs 

to promote the creativity of European citizens3. Since 2013 it has been proposed to extend the 

acronym STEM to STEAM as the creative dimension is inherent in the learning and practice of 

technical-scientific disciplines4. 

In the first instance, speaking of spatial thought and art the scenarios would mainly refer to the 

figurative arts, rather than for instance music or poetry. Anyway, we can consider also the uses of 

spaces in writing poetry has a specific mean. 

Art connects, shows, brings content into a different context, explains, disturbs, disseminates or 

visualizes facts. Without art and, for example, the anatomical drawings by Leonardo Da Vinci, our 

image of the human body would be completely different from what we have today. Our world would 

be inconceivable without architecture, design or fine arts. It is by no means about simple illustration 

 
3 European Commission, 2021 Annual Work Programme for the implementation of the Creative Europe Programme 
4 Guy A. Boy, From STEM to STEAM: toward a human-centred education, creativity & learning thinking, ECCE '13: 
Proceedings of the 31st European Conference on Cognitive Ergonomics, August 2013 
 

https://dl.acm.org/doi/proceedings/10.1145/2501907
https://dl.acm.org/doi/proceedings/10.1145/2501907
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or prettiness. Art researches and discovers. In contrast to many specialist disciplines, it can 

overcome subject boundaries relatively easily and connect them. Art, whether fine or applied, can 

generate practical benefits from specialist knowledge. Knowledge becomes Know-how. Artists are 

inventors. For this reason, art cannot be "used" for Steam Education, but it is the connecting, central 

element. 

Art has always responded to certain topics. If you look at art history you will find many artists who 

also work with / on spatial thinking. Creative methods (which can be attributed to art classes) can 

also be used. 

Anyway, activities like the reconstruction of the spatial arrangement in historical paintings as well 

as the study of the shadows (optical geometrics) could represent powerful ways to enhance the 

feeling of spatial thinking in youngsters. 

Drawings of students about environmental problems (pollution, water contamination, rubbish 

problem..) and their consequences as well as solutions (garbage separation, recycling,…) could be 

very helpful to rise the attention of art teachers. Students can also be encouraged to discuss what 

the other groups want to tell us with their drawings. 

Another idea is to organise a photo or video challenge, where students document environmental 

problems in their surroundings (rivers, garbage in the streets, plastic on beaches during the 

holiday,..). The graphical presentation could affect students, because the topic might seem less 

abstract. 

In almost all focus groups the topics of maps and cartography were individuate as strictly related 

to art considering their aesthetic value and the ways to realize them. 
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Collaboration between schools and universities 
 

Among the more general considerations that emerged from the discussions on the potential role of 

universities and research centres (fourth question: How to foster / organize the collaboration 

between schools and universities? Is there any training or tools needed (e.g., in the context of the 

summer school NTUA / LUND can train teachers to use basic online software for Geographic 

Information Systems)? In a project such as GOSTEAM, we can mention the so-called third mission - 

and the related actions - of universities and research centres aimed to communicate their activity 

to a widespread audience5. 

There is a need for learning basic online GIS among teachers. It would be appreciated if the 

universities could help school teachers to understand and make easy tasks for students in GIS. 

Universities and research centres are the most qualified institutions to transfer their skills on these 

topics to high schools, for instance inviting speakers to give lectures in schools presenting the latest 

development in their field, discussing future careers and linking through demonstrations their work 

to school curricula topics. Summer and winter schools where researchers and educational 

stakeholders present their digital tools and didactical approach to teachers could represent another 

example of the involvement of the world of research to meet the needs of the education system. 

Within these schools teachers could also be trained in using research tools for educational purposes. 

Another relevant topic is the training of University Students working on their diploma thesis who 

could get motivated to write about new online softwares for geographic information systems and 

find ways to implement it in schools. During the writing process, they will gather knowledge. As a 

part of their thesis university students should present this topic in schools. They might activate 

the kids‘ interest even better than teachers can, because they are professionals, concerning this 

topic. 

Students can develop methods and content in seminars and then implement them in schools. The 

students gain experience in teaching and preparing. The students and teachers benefit from a 

different point of view, fresh, new ideas.  

A further suggestion was to involve the departments of education of universities to share their 

methodological approach and methodologies (schemes) used to facilitate learning in individuals 

having particular difficulties. These methodologies could also be exploited to enhance spatial 

attitudes of learners and as a kind of framework to develop the GOSTEAMs scenarios. 

  

 
5 L. Compagnucci, F.Spigarelli, The Third Mission of the university: A systematic literature review on potentials and 

constraints, Technological Forecasting and Social Change, Volume 161-December 2020. 

https://www.sciencedirect.com/journal/technological-forecasting-and-social-change
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Level of difficulty for the scenarios and the feeling of the teachers 
 

Just the teachers interviewed in the focus groups held by the high schools gave their answers to the 

fifth question (How can we develop scenarios using various levels of difficulty, both in class and 

distant learning, using ICT technologies, etc.? Would teachers and educators feel a need to have 

such scenarios in hand?). The issue was not discussed in the focus groups conducted by the science 

centre either for reasons of time, or because in this type of organization the constraints relating to 

the age of users are much less stringent than in schools. 

Developing scenarios in different levels could be prosecutable and teachers are used to that. One 

way is to have some activities/scenarios with low level of difficulty and some with higher. Another 

way is to incorporate different levels in each activity, A, B and C for example in each activity.  

It could be helpful to have such scenarios in hand, for teachers and educators in hand. 

Didactic means also depend on structural conditions (group size, environment, technical equipment, 

etc.). In times with many distance learning phases, it makes sense to outsource certain work areas 

at home. Technical aids are clearly necessary for this. In terms of content, there are automatically 

different degrees of difficulty or intensities of dealing with a topic via process-based work, in which 

not only the product is central. Pupils develop their ideas, plan the implementation, and make 

things. In ideal art and craft lessons, each path differs through the individual work process. The right 

structural conditions are also key here. 

The scenarios should include work phases in which the students should work on tasks alone or in 

teams. The tasks can be designed with increasing difficulty. It is not necessary that all students 

complete all tasks. Another method is “tiered help”. For a more complex task, “less advanced” 

pupils can take help on pre-made cards. “More advanced” students may manage the tasks 

without assistance.  

By scaling up or down the a) background STEM skills and knowledge needed b) digital tools to be 

used (from simple to more complex applications, processes, data structures and models).   

The scenarios should be designed on the basis of the schools analytical program. Some student 

focus groups (e.g. science clubs of 5-10 students) could act as testbed to ensure that the proposed 

educational scenarios can be implemented in real classrooms. 
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Translate the preparation of teachers to spatial thinking instruction 
 

Some remarkable consideration derived from the discussion of the sixth question (How can 

knowledge and self-efficacy gained in teacher preparation and professional development be 

effectively translated to spatial thinking instruction?). 

A first consideration is that currently teachers in the course of their training and especially in 

professional qualification courses, apart from knowledge in their specific teaching subjects, also 

acquire fundamentals of pedagogy and psychology6. These disciplines also include skills related to 

thought or, better, to spatial intelligence. 

The previous skills and competencies of teachers would be valued by formulating learning goals, 

creating a scenario that fulfills them and can implement it accordingly due to its specialist 

knowledge and self-efficiency.  

The instructions to the pupils/students should incorporate some kind of fact-based knowledge and 

then the instruction should lead the pupils in a way that makes it possible for them to work on their 

own (self-driven). The instruction has to be clear and include elements of facts, analyses, interest 

and curiosity. 

The new products could be developed with the support of teachers who could address their 
classroom needs. Link these scenarios to spatial skills through the selection from a proposed list. 
 

The necessary background and the specific knowledge 
 

The seventh (the needed discipline/domain backgrounds for teacher to effectively teach 

geospatial thinking?) and the eighth issues (How much content knowledge of geospatial thinking 

is needed to effectively teach spatial literacy concepts?) have been discussed only by the 

representatives of the high school. 

There are several points in common between the considerations expressed in the different 

countries in relation to these issues. 

Concerning the needed background, the subject is widespread, so to achieve effectively a similar 

background for all teachers is not possible. It would be important to have a lot of material, like 

maps for specific scenarios to use in the classes. 

Basic knowledge should be available due to a general education. Knowledge of navigation (foot / 

ship / airplane) and spatial thinking in geometry are useful.  

Teacher background in geography, natural science, mathematics or art. Social science in a broader 

perspective can also be relevant, but spatial thinking is more closely related to some disciplines, for 

example geography. The teacher must have the ability to geographical thinking and have some sort 

of geographical knowledge. 

Mathematics, Physics, Chemistry, Biology, Geography, Environment, History (maybe consider inter-

disciplinary approaches and educational scenarios?) 

 

The teaching of spatial thinking and previous knowledge of teachers and educators 

 
6 M. Musaio, Professione docente e nuove competenze, EDETANIA 52, December 2017, 145-165, ISSN: 0214-8560 



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

 

Primitive, simple and moderate spatial skills and abilities are in general common spatial concepts 

that can be effectively covered from non-spatial experts. On the contrary, complicated and complex 

spatial concepts are more demanding considering the spatial, spatial-temporal and geometrical 

attributes and scientific schemes to address. 

Extending existed knowledge that is offered in the school books seems as a solid approach as 

teachers feel comfortable in adding on information related to topics that they are knowledgeable 

about.  

Moreover teachers have enough knowledge to teach spatial literacy concepts, if they work in group. 

Let’s take the example: destroying the rainforest: in geography teachers can talk about the 

economic reasons and consequences for the indigenous people and the global warming. But the 

same teachers sometimes have problems to explain exactly what effect the quarrying of basic 

materials has, because they would need more chemical knowledge. So if a chemistry teacher 

could examine the effect from quicksilver to rivers and e.g. measure concentrations it would help. 

A solid base is always necessary. Teachers can of course take over already finished concepts and try 

to implement them, but if they are not familiar with the topic, then they cannot address problems 

and unexpected events during the teaching. The students notice this, of course and the learning 

environment could be disturbed. 

Below are listed some pre-knowledge the interviewed teachers consider important the students 

have about: 

2- dimensional space  

● how to draw figures on a paper  (from 3-D to2-D) 

● how to put X and Y-coordinates in a coordinate system 

● how to read and understand various graphs  

● how to measure distance on a map and use a scale to measure the accurate distance. 

● How to calculate the area of a circle or rectangle 

3- dimensional space  

● how to calculate/understand volume of a cube, (cylinders cone or sphere) 
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Spatial thinking in science centres and contexts of non-formal education  
 

Among the partners of GOSTEAM consortium just the Italian one, the Fondazione Idis, manages a 

science centre and is explicitly dedicated to non-formal science education. However, high schools 

have more or less frequent relationships with these kinds of organizations7, hence several in-depth 

considerations about non-formal education come from the teachers involved in the focus groups 

discussing the ninth question (How can informal science centres most effectively teach people 

from a wide range of ages about geospatial thinking? Non-formal education of spatial thinking in 

science centres)  

Such organizations like science centres offer many different proposals in non-formal science 

education. For instance, Città della Scienza offers more structured activities and addressed to 

classes of different order and degree to be carried out in special lab-rooms mainly in weekdays. 

These activities are conceived in relationship with the previous skill of the pupils who will attend 

them, their age and the kind of school they attend8. 

Hands-On concepts offer low threshold but pointed access to content. According to the respondents 

from the Schwechat high school, science centres shouldn’t convey all the knowledge in the world, 

but rather, especially in children's areas, make people want to deal with things. Haptic, fun and 

intelligent hands-on objects are a good solution here. Ideally, they bundle the central message of a 

topic and reduce it to the point where it is understandable and present it. Good hands-on objects 

are pure STEAM education. We consider this "breaking down" to the core of the statement to be a 

great art. Here teachers can take an example. Because communicating complex topics as simply as 

possible is central to generating understanding on the part of the students. 

A combination of the provision of hands-on experiments and bundled, brief information is very 

important. In addition, demonstrations or lectures should be offered, e.g. special programs for 

certain age groups or school classes.  

Moreover, Città della Scienza offers more playful activities of entertainment aimed at the family 

audience on weekends. Among a similar set of activities, the ones aimed to a widespread range 

of age and showing features particularly relevant to spatial thinking could work as effective 

templates for the scenarios. 

 

One of the issues are that most of the teaching still is very traditional. By specifying in the curriculum 

what activities should be problem based, outdoors, going to museum and science-centre, 

experimental, interactive and so on, and what the purpose, aim and gain of the activity is, it can 

create an understanding to why it is important.  There is of course a time aspect for certain activities, 

but in the curriculum there could be suggestions to different subjects in school (mathematics, art, 

chemistry) so that  several teachers can contribute with time.  

One of the lesser used teaching methods was personalized learning. In the curriculum it could be 

suggested different themes to examine that springs from topics that are interesting for young 

students. This would also satisfy the topic that Students rarely make decisions about how they learn 

as well as they seldom conduct their own study and research activities. 

 
7 F. Oppenheimer, A rationale for a science museum, in Curator, 1968, 11, pp. 208-11. 
8 L'esperienza internazionale degli science centre. Concetti, modelli, esperienze, a cura della 
Fondazione Giovanni Agnelli, Torino 1998. 
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Flipped classrooms were seldom used. Youtube could be used a lot for this purpose, but since the 

material differs it could be more secure if the universities made a sequence of short information 

videos that could be linked in the curriculum.   

Students give presentations to the whole class/peer learning. For a better spread of learned 

knowledge, one task could be designed so that students present their result for 10-11 year old 

children. This could create interest for spatial learning and STEM already in younger pupils.  
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The scenarios in school programming 
 

The last question touched on a particularly delicate point: How the topic of spatial thinking and the 

related scenarios can be fitted in the school hours and through which hour-zone (e.g. science, 

math, interdisciplinary hour) they can be implemented in the school classroom? 

The responses given in the different focus groups reflect both the peculiarities of the schools in the 

different countries as well as the different educational fields between high schools and science 

centres. 

The Austrian interviewed focused more on the disciplinary issues: the connection of different 

subjects at school level requires structural changes and a reduction in bureaucracy. Often the same 

content is rolled up from different pages in three different subjects, just at different times, in 

different years. This make more difficult the chance to understand a topic in its complexity and its 

connections. Recognizing connections leads to sustainable learning success. 

Spatial thinking occurs in many subjects, so collaboration is obvious. In addition to structural 

conditions for students (study plans, open learning concepts, etc.), cooperation between teachers 

is particularly necessary. Here too the structural conditions are missing. 

Some scenarios may require school hours to be blocked if the schools’s administration can do so. 

However, one could also set up the scenarios in such a way that several subjects deal with the same 

or a similar issue. Students then change lessons but continue to work on the same topic. 

Workshop-based teaching and teaching on focus in weeks with a focus on a specific topic allow 

targeted interdisciplinary work. 

In Sweden the teachers stated they have some courses that are interdisciplinary, where one can use 

20 hours to one project/scenario. They suggested it is better to have shorter scenarios, because 

this will enhance the chance that it will be used by many more teachers. For ex: 2x45 minutes or 

4x45 minutes should be perfect.  

In Greece the teachers suggested to develop curriculum-based spatial thinking scenarios and 

activities (e.g. measurements, applied geometry concepts, math-based concepts), as well as 

extracurricular activities from simple inquiry-based to more complex and time-consuming project 

or phenomena-based learning activities (inter-disciplinary spatial thinking concepts covering a wide 

range of spatial abilities). 

The also suggested to implement the scenarios in science clubs where students usually meet after 

school hours or on weekends. 

In Italy the question was turned in “how the scenarios can be fitted in the programming of a science 

centre?”. Concerning the contents and the mode suggested in the previous paragraphs, the 

interviewees stated the scenarios could be better implemented with school classes in a lab rather 

than with the heterogeneous audience (e.g.: children with their parents) in the exhibition areas 

of the science centre during a weekend. 

However, these scenarios if proposed to such kind of audience should not last over 40-45 minutes, 

while when proposed to a class in a lab could last even longer (70-90 minutes). 

 

. 

 



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

 

Conclusions 
 

 

From the concepts/skills and the educational approaches that emerged from the analysis of the 

questionnaires and their reorganization as well as the related discussions in the focus groups, some key 

points in order to develop the hands-on activities envisaged by GOSTEAM: 

 

• Teachers in high schools as well as educators operating in non-formal contexts have shown a strong 

motivation to renew their educational strategies, and a remarkable resourcefulness in the 

development of new educational paths in autonomy; 

• the need for transversal paths that cross topics related to different curricular disciplines as well as to 

non-formal extracurricular educational contexts; 

• the need for support as regards both the contents and the educational methodologies from highly 

skilled experts such as researchers working at universities or other research centres in disciplinary 

fields in various ways related to the concept of spatial thinking. The tasks of this cooperation would 

be to define in a more punctual and specialistic way how the most recurring concepts/skills could be 

implemented, and evaluate the most updated technical tools to respond to the educational needs 

also in relationship with the mentioned educational approaches. 

  

However, we suggest that you refer promptly to the various paragraphs of this text for clarification on specific 

issues concerning the development of the scenarios. 

The results of this further analysis of both the questionnaires for teachers and educators, as well as the 

consideration gathered from the focus groups, will represent a reference for the drafting and completion of 

the intellectual output 02 "Methodology" and for the consequent conception and design of scenarios and 

hands-on activities to implement within GOSTEAM. 


