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Introduction    

POLAR STAR aims to collect high quality learning tools and organize them under a 

methodological plan that designates how the tools can be apt for use in a complementary 

way as different elements of one seamless methodology. This output focuses on the 

overall design and structure of the learning process, which is pivotal in ensuring that the 

resulting learning activities of the Polar Star project will highlight the added value of 

contemporary science research, while ensuring a clear connection with the school 

curricula and local educational communities. This output emphasizes on collecting, 

studying and combining contemporary learning tools for the development of the 

methodology that will guide the design and implementation of the project’s activities. 

For developing the Polar Star’s approach, the partners firstly collected, reviewed and 

selected educational tools and methodologies that promote and support student-centred 

learning, focusing on inquiry-based learning, design thinking and students’ development 

of basic and 21st century skills. Then, aspects of teachers’ current practices that may be 

used as opportunities to help them further develop their teaching practice towards a 

more student-centered approach were identified. When necessary, the identified tools 

and methodologies were adapted and further developed according to the review and 

teachers’ needs in order to design the POLAR STAR approach and related tools (templates, 

guidelines, etc.). The final product of this output is the first part of the Polar Star 

methodology dedicated to the building and implementation of activities accompanied by 

all the necessary tools. Based on the feedback received by the advisors of the project and 

the first year of implementation, the methodology will be revised and/or enhanced to 

optimize the use of each of these tools to ensure that teachers are supported to develop 

a deeper understanding of the Polar Star methodology and to effectively integrate it in 

their everyday teaching practice. 

In the first chapter, the overall STEAM approach is described and the “Design Thinking” 

(DT) guide for teachers, which was developed to facilitate the integration of this approach 

in the classroom, is presented. In the next five chapters, a description of each subject 

discipline which is encompassed in the STEAM approach (i.e. Science, Technology, 

Engineering, Arts and Mathematics) is provided. In the description of Science and 

Engineering, two frameworks the are suggested that teachers can follow in developing 

and implementing STEAM activities, accompanied by recommendations and adjustments 

for integrating the other disciplines in different phases. In the description of Arts, 

Technology and Mathematics relevant tools which can be used during the teaching of a 

standalone discipline, as well as during a STEAM activity are proposed.  
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Our STEAM approach 

STEAM, which stands for Science, Technology, Engineering, Arts, and Mathematics, is an 

educational framework for all educational levels which seeks to engage students and 

teachers in trans-disciplinary learning in a student-centered, collaborative and iterative 

environment. STEAM is more than a lesson design or a class configuration; it is a culture 

focused on pushing students’ deep thinking while solving problems which might concern 

themselves, their school and the overall community. Since STEAM promotes the 

integration of multiple disciplines beyond STEM, it supports the development of links 

between science, innovation and arts which have the potential to facilitate the creation 

of new creative ideas and solutions 1.  

In the context of a STEAM setting, students gain authentic experiences through dealing 

with problems and being encouraged to provide solutions by employing knowledge and 

skills from different disciplines through innovation, creativity, critical thinking, effective 

communication and collaboration. Also, STEAM as an approach to teaching and learning, 

has the potential to produce powerful, authentic learning opportunities for students’ 

meaningful participation in challenging STEAM fields needed in the future workforce. In 

doing so, learners are equipped with the necessary knowledge and skills related to the 

fields of science, technology, engineering, arts and mathematics. These knowledge and 

skills, which are aligned with the 21st century skills (critical thinking, collaboration, 

creativity, technology literacy, etc.) are integrated in teaching in ways that help students 

not only to understand the underlying principles, but to be able to practice and create 

products needed in daily life. Consequently, STEAM teaching is about the student rather 

than the subject areas, as it empowers them to envision themselves not just as future 

scientists or engineers but also as designers and creators. 

Based on this vision of STEAM education, in the context of the Polar Star project we firstly 

propose a “Design Thinking” (DT) guide for integrating the STEAM approach in the 

classroom, then present each discipline of STEAM and suggest relevant tools and 

methodologies. The DT guide consists of four phases (Feel – Imagine – Create – Share) 

and serves as a guide for teachers when preparing their lessons/activities/projects/school 

year plan in the context of STEAM education. Based on the instructional decisions of the 

teacher, during the Create phase he/she can either choose to follow a STEAM approach 

(more emphasis on Science) or a STEAM approach (more emphasis on Engineering). In the 

description of Science and Engineering, we suggest two frameworks the teacher can 

follow to develop and implement STEAM activities and recommend adjustments for 

integrating the other disciplines in different phases. In the description of Arts, Technology 

 
1

European Commission. (2015). Science education for responsible citizenship. ( No. 26893). Luxembourg: Publications 
Office. Retrieved from http://dx.publications.europa.eu/10.2777/12626 
 

http://dx.publications.europa.eu/10.2777/12626
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and Mathematics, we propose relevant tools which can be used during the teaching of a 

standalone discipline, as well as during a STEAM activity. It is noted that the teachers can 

also follow the STEAM approach while focusing on the other discipline(s) (e.g. STEAM / 

STEAM / STEAM); the STEAM and STEAM approach are simply presented here as examples on 

how teachers can utilize existing methodologies to effectively integrate other disciplines 

in their lessons. The guide is presented in Appendix I and the accompanied workbook in 

Appendix II.    
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Science in STEAM education 

“The intrinsic beauty of science and a fascination with how the world works have driven 

exploration and discovery for centuries” 2. 

From an early age, individuals act as natural scientists while seeking to understand how 

the physical world works. In trying to understand how the natural phenomena occur and 

function, they employ procedures similar to those followed by natural scientists. 

Normally, they begin with a question about a phenomenon, such as “How day and night 

occur?” or “What causes the formation of clouds?” and proceed by developing possible 

theories that provide explanations to their questions. In a similar way, scientists formulate 

empirically answerable questions about the phenomena they are studying, make a 

research in the related literature to see what is already known, develop hypotheses that 

derive from their questions and the background information they obtained through 

research, collect data/evidence either through designing and performing experiments or 

using secondary data from existing databases, analyze the data and provide explanatory 

answers to the initial questions. This process describes the so called “inquiry-based 

approach”, an approach that has been proposed by the science education community to 

denote all tasks that students are supposed to engage with while doing science in an 

authentic and scientifically oriented way. 

In the context of the Polar Star project, we suggest the Inquiry Cycle that derived from 

the PLATON project by adjusting it to STEAM education (see below). We firstly present a 

figure of the cycle and suggest (by using different colours) in which phases each discipline 

could be embedded. We then describe each phase and suggest, with the colour 

associated with each discipline, an addition/adjustment you can employ in order to 

embed a tool and/or a practice associated with a specific discipline. For additional 

information regarding the suggested tools, you can take a look in the description of each 

discipline. A STEAM activity template was also created for teachers to develop their own 

activities by using this framework (see Appendix III).      

It is noted that you can make your own adjustments based on your students’ needs and 

interests, the problem at hand, etc. and if you are accustomed to a different inquiry cycle 

(e.g. inquiry-based learning cycle by Pedaste et al.3) you can make similar adjustments to 

it like the ones presented in the description of the cycle below. Technological tools could 

be utilized in all the phases of the inquiry cycle, depending on the context you have 

chosen to work with (you can find suggested tools in the section about technology).  

 
2 National Research Council. 2012. A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core 

Ideas. Washington, DC: The National Academies Press.  

3 Pedaste, M., Mäeots, M., Siiman, L. A., De Jong, T., Van Riesen, S. A., Kamp, E. T., ... & Tsourlidaki, E. (2015). Phases of 
inquiry-based learning: Definitions and the inquiry cycle. Educational research review, 14, 47-61. 

http://platon-project.eu/sites/default/files/IC_How%20to%20use%20guide.pdf
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Figure 1. The adapted Inquiry-based Learning Cycle of the PLATON project retrieved from: http://platon-

project.eu/sites/default/files/IC_How%20to%20use%20guide.pdf . The different colors denote the association of the 

different phases with certain STEAM disciplines (Black: Technology, Green: Engineering, Purple: Art, Yellow: Maths) 

 

Description of the phases of the PLATON Inquiry Cycle and suggestions for embedding STEAM 

disciplines are provided below:  

1.Setting the scene: This phase is about stimulating students’ interest and curiosity towards the 

problem, question or topic to be addressed. During this phase, the topic of instruction is 

introduced through a presentation of a problematic situation. Try to set your scene by connecting 

the topic you want to introduce to something that is already familiar to the students, something 

from their everyday life or something that is important to them. Try to make this introduction as 

interactive as possible.  

2.Looking back: Encourage your students to identify all the concepts that they know of and are 

related to the problem under discussion and make the correct connections among them. Use art 

tools (e.g. personal geography, brainstorming boards, etc.) to facilitate this process and to allow 

your students to express their knowledge and opinions in an interactive and creative way. 

Discuss what they already know or think about the ideas being brought up. Remind them about 

previous learning instances where relevant materials were studied. Ask them to connect the main 

concepts with different relevant domains.  

3.Making predictions and asking questions: This phase is about students understanding the 

problem presented and getting an idea of how they are going to work on it in order to solve it. 

Invite your students to set the questions they are going to investigate and make some preliminary 

http://platon-project.eu/sites/default/files/IC_How%20to%20use%20guide.pdf
http://platon-project.eu/sites/default/files/IC_How%20to%20use%20guide.pdf
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predictions or hypotheses or both. The questions set, should focus on how to investigate the 

problem at hand. Students’ hypotheses and predictions should be around the questions they have 

set.  

4.Setting up a research or experiment: During this phase, students set a plan to investigate the 

problem at hand. Students should design a plan that will help them answer their questions. Their 

plan could involve an experiment during which they will have to collect data or make observations 

(or both). In doing so, they can identify the types of variables involved (e.g., numerical, 

categorical), the measurement units of the variables, as well as and mathematical tools and 

procedures they will need to implement in order to collect and analyze their data. Instead of an 

experiment, this phase could involve the collection of information through a research 

investigation process or the initial identification of possible solutions.  

5.Experimenting and gathering data: During this phase, students investigate the problem at hand 

and/or test the possible solutions (e.g. developing a model) by using the mathematical tools 

and procedures they have chosen in the previous phase. Make sure students always keep in mind 

what the problem is and why they perform each step. They need to have a clear understanding 

of the connection between the investigation, the questions they have set and the hypotheses they 

have made.  

6.Working with data and drawing conclusions: In this phase students go through their data, 

analyze them and make meaning out of them. Data could be in the form of measurements, 

images from observations, input from online sources or handwritten observations. Data analysis 

could involve some extra calculation graphs, tables and identification of patterns or simply 

extraction of information from images. Once students are done with processing their data, it is 

time to interpret them and draw conclusions. To do this, they always need to keep in mind where 

they started from; what is the question they are trying to answer.  

7.Communicating and reviewing of findings: During this phase, students share their inquiry 

process and results with others (peers, school, community etc.). This phase involves the process 

of presenting and discussing the whole inquiry process or a specific step, as well as having peers 

critique and comment on the process and the results presented. There are various artful ways 

that students can choose to present their findings, such as creating a video or a short theatre 

show, paintings etc. During the communication process, you can also present engineering 

examples which were created as solutions of the problem the students faced during this inquiry 

cycle and/or which were based on the knowledge also gained by the students. 
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Technology in STEAM education 

The most spontaneous recall of an individual to the term “technology” retrieves cell 

phones and computers (or tablets), since both technological products have been part of 

people’s daily lives for the past 20 years or so. But as the definition of the term implies, 

“Technology ("science of craft", from Greek τέχνη, techne, "art, skill, cunning of hand"; 

and -λογία, -logia4) is the sum of techniques, skills, methods, and processes used in the 

production of goods or services or in the accomplishment of objectives, such as scientific 

investigation”5.   Consequently, Technology lies beneath any type of man-made product 

that has been developed to facilitate individuals’ needs either at their daily life or 

workplace. These products range from simple tools such as pulleys, wheels, levers, 

scissors or more complex ones such as computers, cell phones, printing machines, 

microscopes, etc. In the context of teaching and learning, these tools support students’ 

cognitive development, because as students interact with them, they come to understand 

cause and effect relationships (e.g., increasing or decreasing the slope of a ramp will affect 

the velocity of an object rolling down the ramp), and eventually they come to appreciate 

technology’s impact into problem solving or accomplishing tasks. In the figure below the 

interrelation between science, technology and engineering is represented and the way 

the fields support and facilitate each other. As it is evident from the figure, technology is 

used by scientists to facilitate discoveries, whereas engineers utilize and design 

technologies, while taking into account scientific principles and related discoveries. 

 

 

 
4 Liddell, Henry George; Scott, Robert (1980). A Greek-English Lexicon (Abridged Edition). United Kingdom: Oxford 

University Press. ISBN 978-0-19-910207-5. 
5Wikipedia contributors. (2020, February 8). Technology. In Wikipedia, The Free Encyclopedia. Retrieved 10:05, 

February 11, 2020, from https://en.wikipedia.org/w/index.php?title=Technology&oldid=939780641 

https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/A_Greek-English_Lexicon
https://en.wikipedia.org/wiki/Oxford_University_Press
https://en.wikipedia.org/wiki/Oxford_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-19-910207-5
https://en.wikipedia.org/w/index.php?title=Technology&oldid=939780641
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Figure 2. The Relationships Among Science, Engineering, and Technology. From Richards, Schnittka & Donohue. 

(October 2006). Massachusetts Science and Technology/Engineering Curriculum Framework. ASEE 2009 Math and 

Science Engineering Technology.  

In the context of STEAM education, teachers should provide their students with robust 

opportunities to utilize technology in ways that enhance their learning through a wide 

range of resources. Through exploiting technological tools in a systematical manner while 

problem solving, students are expected to develop and eventually master the 4 C's of 

technology – creativity, critical thinking, communication, and collaboration – and thus to 

be prepared to serve as active participants in tomorrow's global community needs.  

A list of technological tools for STEAM education was created (see Appendix IV), in which 

suggestions of technological tools which can facilitate the implementation of STEAM 

methodology in various stages of the learning process are presented. This list was 

developed based on suggestions by partners and the advisors (mainly teachers) of the 

Polar Star project. For each tool, a basic description is presented, as well as information 

(when provided by the developers) about the age restrictions and cost and/or adds on 

needed.  

 

 

  



POLAR STAR Methodology: Design Thinking activity guide for teachers 

11 
 

2019-1-FI01-KA201-060780 

Engineering in STEAM Education 

Engineering makes use of specialized knowledge from domains like science, technology, 

and mathematics in solving problems that start from specific needs or desires of 

individuals or societal groups. For example, when there is a need to build a bridge over a 

river, engineers exploit their science knowledge (e.g., what kinds of occasional, transient 

forces might the bridge need to withstand? How should the bridge be designed to survive 

possible earthquakes or hurricanes?), their mathematics knowledge (e.g., define and 

solve mathematical equations to estimate the sum of forces exerted on the bridge, 

develop mathematical models to test bridge resistance to possible variables), their 

technology knowledge (e.g., use of modelling software during the design phase to 

develop models while studying the dynamics behind the bridge mechanism or use of 

technology equipment like sensors to control the function of bridge), as well as their 

understanding of the engineering design process (e.g., given the need that a bridge might 

need to carry different types of traffic, e.g., railway trains, cars, and/or pedestrians, what 

are the possible design candidates to fulfil each of these requirements? What type of 

safety measures should be taken care of?).  

In the context of STEAM education, learners are expected to engage in processes and 

tasks similar to those engineers cope with. They should be given opportunities to ask 

questions to define the engineering problem, design several candidate solutions, 

determine criteria for a solution to be considered as successful, and identify constraints. 

Following similar procedures to those of scientists, they should perform investigations to 

collect data that would help them in specifying design criteria that would help them at a 

later stage to test their designs. In doing so, they should identify relevant variables, decide 

how to measure them, collect and analyze data.  While performing their investigations, 

learners might use models or/and simulations to analyze the proposed solutions in a 

virtual manner so as to identify possible flaws, and thus to recognize the strengths and 

limitations of their designs. Such an approach provides students a place to practice the 

application of their understanding of how science, technology and engineering are 

interconnected, and at the same time they appreciate engineering both as a discipline 

and as a possible career path.  

In the context of the Polar Star project, we suggest the Engineering Design Process6. We 

firstly present a figure of the process and suggest (by using different colours) the steps 

the other disciplines could be embedded in. We then describe each step and suggest, with 

the associated colour of each discipline, an addition/adjustment you can employ in order 

to embed a tool and/or a practice associated with a specific discipline. For additional 

information regarding suggested tools, you can take a look in the description of each 

 
6 Adapted from Massachusetts DOE, Massachusetts Science and Technology/Engineering Curriculum 
Framework. 2006, Massachusetts. 
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discipline. Technology is a main aspect of Engineering since it could be utilized and be 

designed in different steps of the cycle, whereas in the Inquiry Cycle, technology is mainly 

used to derive in a solution/finding. A STEAM activity template was also created for teachers 

to develop their own activities by using this framework (see Appendix V).      

 

It is noted that you can make your own adjustments based on your students’ needs and 

interests, the problem at hand, etc., and if you are familiar with a different engineering 

methodology, you can proceed in making similar adjustments to it like the ones presented 

in the description of the Engineering Design Process below. 

 

 

 

Figure 3. The Steps of the Engineering Design Process adapted from Massachusetts DOE, Massachusetts Science and 

Technology/Engineering Curriculum Framework. 2006, Massachusetts. The different colors denote the association of 

the different phases with certain STEAM disciplines (Black: Technology, Green: Science, Purple: Art, Yellow: Math) 

 

Description of the steps of the Engineering Design Process and suggestions for embedding 

STEAM disciplines are provided below: 

Step 1: Identify the need or problem 
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Identify a need/problem/design challenge that your students could potentially provide solutions 

to (e.g. a need to develop a product or a service). To engage your students further you can 

brainstorm with them a problem/need that relates to their interests and needs and/or their 

school’s/community’s needs.  Formulating a research question and/or a hypothesis can facilitate 

this process and it can especially guide the next step.  

Step 2: Research the need or problem 

During this step you should obtain knowledge regarding different issues associated with the 

need/problem you identified in step 1. Identify the people who will benefit from the solution in 

order to make associations with possible social, political and economic conditions that might 

facilitate or restrict the process and also to better define the product’s attributes. Identify the 

current state of the problem/issue and possible solutions suggested by others.  You can follow an 

inquiry-based research (i.e. Inquiry Cycle) based on the question/hypothesis you have 

formulated in the previous step in order to obtain this knowledge (see Science section) by doing 

a survey, focus groups, interviews etc.  

Step 3: Develop possible solution(s) 

Based on the research conducted in the previous step, brainstorm with your students possible 

solution(s). Knowledge of basic mathematic and scientific principles will be necessary at this 

stage, as well as the use of related tools (e.g. programming/designing software). You can visualize 

your ideas during this brainstorming process in different ways: posters, stick-it notes, vision 

boards, 2D or 3D representation with the use of physical materials or software etc.   

Step 4: Select the best possible solution(s) 

After the initial brainstorming go through your ideas again and see whether some of them could 

be combined or adjusted or omitted. Then, decide which of those solutions better meet the need 

or resolve the problem you have identified. You can develop specific criteria to decide on a 

solution (e.g. time constraints, skills and equipment necessary to undertake different tasks).  

Step 5: Construct a prototype 

During this step you will design a prototype (i.e. a model which represents how the final 

product/service will function and/or look) that you will test and evaluate in the next step to decide 

whether it will “work” in a real-life scenario (feasibility, practicality, usability). You can use 

different technological tools to construct a model (3D printers, virtual labs, power tools etc.) 

and employ different art-related practices and skills to make it aesthetically pleasing and 

creative.  Basic mathematical skills (e.g. measuring, scaling, graphing) and tools (e.g. calculators, 

geometry applications, measuring instruments) will be utilized during the construction. To 

decide the process that needs to be followed in constructing your model, take into consideration 

the time available, the cost, students’ skills, available infrastructure and if it would be possible to 

actually test the derived prototype.  

Step 6: Test and Evaluate the Solution(s) 

While keeping in mind the need/problem at hand, identify the requirements your prototype 

needs to meet (e.g. does it need to endure different environmental conditions?) and the ways 
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you can test and evaluate different aspects. Mathematical analysis is often necessary for 

evaluating design solutions. If it does not meet your requirements (e.g. different materials are 

needed), you can make adjustments and re-test it before moving to the next step.  

Step 7: Communicate the Solution(s) 

At this point of the Engineering Process, you can communicate your solution to others, especially 

to the people that this solution is targeted to. You can use different creative ways to communicate 

it (e.g. presentation, posters, theatre). By communicating your solution, you can discuss and 

reflect on whether it actually meets the initial need/problem and ways it can be improved. 

Step 8: Redesign 

Based on the feedback you will receive during the 6th and 7th step, it is possible that you will need 

to refine or even redesign your solution. This is a process that engineers have to go through to 

find a final solution to the problem/need. If your prototype meets all the requirements, you can 

develop your final solution. If someone else will manufacture your product or a specific 

component, you might need to create an engineering drawing to showcase everything in detail 

(e.g. to clarify the geometry of a certain component).  
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Arts in STEAM Education 

 
"The greatest scientists are artists as well” 
-Albert Einstein 
 
There is art in science; Scientific discoveries do not emerge just from the critical and 
logical thinking of scientists but also from their passion, imagination, intuition and 
creativity, which are integral aspects of Art as well. Scientists, technology developers, 
engineers, and mathematicians need to innovate and solve problems creatively. Scientists 
and engineers try to describe and present the natural world through various means and 
convey it to others, an aspiration which is not detached from art. For instance, engineers 
use their scientific knowledge and skills to design a bridge, but they also pay attention to 
the aesthetic aspect of the bridge as a construct.  
 
There is science in art; Artists, like scientists, utilize interdisciplinary concepts such as 
models, scales and patterns to present their view of the world. Scientific knowledge can 
also trigger a new vision to an artist which can often lead to critical judgement and 
discussion.  
 
Students should be exposed to the interdependence of art and sciences through the 
learning process. The same problem could lead to motivation in both subject domains and 
different ways of addressing that issue. The use of artistic tools (e.g. 3D modelling with 
the use of apps) is a way for students to be creative and visually present their knowledge 
during a science lesson and/or a project. Similarly, the incorporation of scientific 
processes to art lessons (e.g. mathematic calculations, identification of patterns in nature) 
can lead to a new view of the goal of artistic expression in relation to nature and 
humanity.  
 
A STEAM activity template was also created for teachers to develop their own activities by 

using this framework (see Appendix VI).      
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Mathematics in STEAM Education 

Mathematics has been an integral part of individuals’ daily life since the origins of species. 
It is considered as a universal language that was used by all, regardless of culture or 
religion. Reports indicate that from 3000 BC, Sumer, Akkad, Assyria, Ancient Egypt and 
Ebla used arithmetic, algebra, and geometry for taxation, commercial, and trade 
purposes, as well as in the field of astronomy in formulating calendars, navigation, and 
recording time. In ancient Greece, Thales used geometry to solve problems such as 
calculating the height of pyramids and the distance of ships from the shore7. 
Consequently, the notion that mathematics is everywhere and that as a discipline has 
been interconnected with disciplines like science, engineering, even arts (e.g., artists use 
patterns, volume, shapes, and representation when expressing their emotions or willing 
to convey messages through their pieces of art) is not something new. 

 
More specifically, mathematics and computation are exploited by physical scientists as 
tools for representing physical variables and their relationships. They are used as the basis 
for constructing simulations or models, when analyzing data with the use of statistical 
methods, and are used when expressing and applying quantitative relationships among 
certain variables. Through the use of mathematical models, a scientist can formulate and 
test predictions of the behaviour of physical systems. In engineering, mathematical and 
computational representations that are embedded in simulations are used when 
designing prototypes to aid the illustration of relationships and principles among the 
constituent components of the designed prototype.  
 
In the context of STEAM education, students are expected to use their mathematical 

knowledge and skills when dealing with science and engineering tasks. For instance, 

students would calculate the mean scores of the data collected from several trials when 

performing experiments to test a certain hypothesis and they subsequently use the mean 

scores to create a graph to illustrate the relationship between the variables under study. 

In the context of an engineering task (e.g., how to build a skyscraper that would resist in 

the event of a tornado or an earthquake), students would create several prototypes of 

buildings using geometrical shapes and use mathematics to create a formula with all 

related variables that affect the collapse resistance of the different model buildings. 

These examples indicate that in order to increase students’ interest, motivation and 

engagement in mathematics, teachers should frame a mathematical problem in a 

multidisciplinary context, situate the problem within a societal perspective, and invite 

students to work in groups to solve it. In doing so, they should be encouraged to think of 

possible alternative solutions to the problem, rather than urging them to follow a 

prescribed process or use a specific formula, as this is the norm that applies in traditional 

 
7 Retried from Wikipedia (https://en.wikipedia.org/wiki/History_of_mathematics)  

https://en.wikipedia.org/wiki/Pyramids
https://en.wikipedia.org/wiki/History_of_mathematics
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math teaching. As a result, a STEAM oriented task serves as a medium for promoting 

deeper thinking and problem-solving skills among learners. 
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Appendices 

Appendix I: The Design Thinking Guide for teachers 

This Designing Thinking Guide for Teachers aims to help you and your colleagues prepare your 

lessons/activities/projects and/or a whole school year plan based on the POLAR STAR 

interdisciplinary and transdisciplinary methodology. The activity consists of four phases:  

 

In each phase you are prompted to reflect on certain questions and use materials and tools of the 

project to facilitate your everyday teaching planning and/or the creation of STEAM projects.  The 

guide is accompanied by a set of worksheets which you can use for your convenience. 

The guide is designed so that it can help you organize your lessons in four different cases: 

1. Working on your own – Everyday teaching or Long-term projects 

2. Collaboration with other teachers from your school – Everyday teaching or Long-term 

projects 

In some steps you are also encouraged to use some POLAR STAR Materials and Tools. These are 

indicated using the following icons:  

STEAM Education Guide Science WAND 

  
 

Important note: The activities described below aim to fully prepare you to integrate 

interdisciplinary and transdisciplinary learning in your teaching throughout an entire school year. 

Even though we consider this kind of preparation necessary, it can be quite demanding especially 

if this is your first time. To this end we suggest that you only try it out for one class/grade you 

teach. After step 1 (Making an overview of your curriculum), feel free to follow the remaining 

steps for whichever and as many concepts as you feel comfortable with. You can always enrich 

your workbook and add input on more concepts at any given time throughout the year or even 

the following school year. 

 

  

IMAGINE CREATE SHARE FEEL 
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Working on your own 

This activity aims to guide you to fully prepare for an entire school year and boost your classes by 

making them more interdisciplinary and transdisciplinary.  

1. What are you teaching through a school year? - Make an overview of the curriculum you 

plan to teach. Listing the teaching subjects of the year will help you get a clear idea of 

how much you have to teach. Additionally, if you collaborate with other science teachers, 

it will help you share your curriculum easily. 

 

2. What is the past knowledge that students should have already? – It is important to have 

a clear idea about whether your students already possess the necessary past knowledge 

to properly learn each concept. This exercise will help you spot gaps and fill them in 

promptly. Additionally, this exercise will also help you get a preliminary idea about pieces 

of knowledge needed but are taught in other science disciplines. This will help you better 

coordinate with your colleagues as well. 

 

3. Can you teach this in a transdisciplinary/interdisciplinary way? – Some topics are more 

focused than others and not all topics can be taught as easily in an interdisciplinary way. 

Thinking about how interdisciplinary/transdisciplinary a concept is will give you an 

additional insight about how important each concept is. It will also help you prepare for 

your collaboration with your colleagues. 

 

4. Why is this topic important? – Ask yourself why is this topic important? Why should you 

teach it to your students? To help you assess how important a concept can be think about 

links you can make to other concepts, to technology achievements and to everyday life. 

This is one of the most important tasks. Students find meaning in what they learn only if 

they can link it to something close to them. Thus, links to everyday life, technological 

products (especially those students are very familiar with) and contemporary science 

achievements are very important. Moreover, identifying links between concepts is going 

to help you look at each concept as part of a bigger more meaningful picture and your 

students to build a more concrete knowledge structure and increase knowledge 

retention.  Also, keep in mind that interdisciplinary learning doesn’t mean you always 

have to integrate all science disciplines. Think about how you can link what you teach to 

concepts from other science disciplines but don’t try to make farfetched connections just 

for the sake of it. 

 

5. Where should my focus be? - Is it best to focus more on Science, Engineering, Math or 

Arts?, How do I focus on that aspect of STEAM? – Based on your input in the question 

above, you can now think where your focus should be when teaching a concept and which 

are the pieces of information you should highlight. Based on the nature of these pieces of 

information you can decide on which aspect of STEAM you should focus the most.  

 

FEEL 

Use 

worksheet 1 

for steps  

1 to 3 

 

Use 

worksheet 2 

for steps  

4 to 8 
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6. When (which teaching phase) and how (demonstration, discussion, experiment) is it 

best to integrate concepts/technology achievements/everyday life links in your every-

day teaching? - Think about how you can deploy STEAM in your everyday teaching. If your 

focus is on the Science part, you can plan a small experiment. If it is on Engineering you 

can have a small problem-based challenge. You can use different elements of STEAM in 

different parts of your teaching. You can for example use a technology product during 

introduction to catch the students’ attention. Or, you can do a small science inquiry when 

exploring a concept. Alternatively, you can discuss about a related engineering problem 

when concluding the teaching of the concept to help students understand its added value. 

Or, you can use more than one of these ideas for teaching the same concept. That will 

make your everyday lesson truly STEAM. 

 

7. Can I make the connections ‘tangible’ for my students and help them add their personal 

experience in the process? – Think how to link everything you teach to your students’ 

personal life and interests. This will help you personalize the learning process.  

 

8. Make connections to other concepts – One of the cornerstones of our methodology is 

communicating each concept also in relation to other concepts. This approach allows 

students to understand the universality of laws and principles and enables them to build 

on past knowledge in a more concrete way as well as get a better sense of the bigger 

picture. In this task, you are asked to think of the links to other concepts and decide when 

it is best to introduce these links. This exercise will also make the highly interdisciplinary 

concepts more prominent and help you decide which concepts you could include in an 

interdisciplinary project. Finally, identifying such links will help you coordinate with other 

teachers if you decide to collaborate and synchronize your teaching. 

IMAGINE 
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IMAGINE 

If you decide to 

work with 

colleagues (e.g. 

for a project) you 

can discuss and 

complete these 

two questions 

together. 

FEEL 

Create an 

overview of the 

concept(s) you 

are planning to 

teach. Complete 

the following 

table for each of 

the concepts you 

want to teach 

with the use of 

the Polar Star 

methodology. 

This table will 

Why is this topic important? 

(Links to everyday life, engineering problems, Technological 

achievements) 

Think about why you feel it is important to teach this concept to your 

students. 

Interesting facts and information: Where do you find this concept in 

everyday life? Are there any phenomena related to this concept? Are there 

any significant technological achievement or important problems related 

to this concept (Engineering)? Is it possible that my students have a 

                                 personal experience related  

                                           to this concept? 

Possible connections to other concpets 
 

 

Are there other concepts my students have learned or will be 

taught (in any science discipline) that are connected to that 

concept? When and how do I introduce these links? Can I make an 

interdisciplinary project? 

STEAM, STEAM, STEAM, STEAM, STEAM –  

Where should my focus be?  
How do I focus on that aspect? 

 

 

What is the highlight of this concept? Should I focus on its Scientific 

(STEAM), Technological (STEAM), Engineering (STEAM) or 

Mathematical (STEAM) aspect to inspire my students?  

 

How can I teach it? Should I use a demonstration, a discussion, an 

experiment or some other approach? 

 

 

When and how do I introduce interesting links  

to everyday life, engineering problems and  

technological achievements? 

Think about the different parts of your teaching process (Introduction, 

link to past knowledge, hypothesis making, exploration, 

experimentation, drawing conclusions, reflection etc.). 

In which parts of my teaching should I use interesting facts for that 

concept? Can I use something from everyday life to introduce the 

concept in an interesting way?  Should I do an experiment to help my 

students dive deeper in the concept? Can I discuss with them during 

reflection about the technological achievements that use this concept to 

help them understand the value of that concept? 

Concept 
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Everyday teaching Long-term projects 

 
9a. Use the input from worksheet 2 and 
make an overview with the connections 
and links you want to mention for each 
subject you are teaching. Decide on the 
STEAM interventions you want to make.  
 
 
 
 
 
 
 

 
9b. Use the input form worksheet 2 to 
decide which subject could be used for a 
long-term project. To decide think about: 
- Which are the most interdisciplinary 
concepts? 
- Based on STEAM connections which ones 
could be used to produce a fun and 
interesting activity? 
- Which concepts do you consider most 
important? 
 
10b. Based on the focus of your project, 
choose among our STEAM templates to 
design an interdisciplinary project for your 
students. 
 
 
 
 
 
 
 

10a. Implement you action plan in your 
class. Evaluate the process and share your 
experience with others. Refine the 
instructional methodology and procedures 
followed for future use. Make sure you 
update your worksheets accordingly. 
Ideally, fill in worksheet 5 for every 
concepts you teach. 
 
 
 
 
 
 

11b. Implement your project with your 
class. Evaluate the process and share your 
experience with others. Refine the 
instructional methodology and procedures 
followed for future use. Make sure you 
update your project accordingly.  
 
 
 
 
 
 

 

  

CREATE 

SHARE 

Use 

worksheet 3 

for step 9a 

 

Use 

worksheet 6 

for step 10a 

 

Use the POLAR STAR 

activity templates 

for step 10b 

 

Use 

worksheet 6 

for step 10b 
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Collaboration with other teachers from your school 

This activity aims to demonstrate to teachers through a hands-on, participatory workshop how 

they can coordinate their classes throughout a school year and start building connections 

between concepts for their students by making crossovers and building bridges between classes 

of different science disciplines. You can do this participatory workshop with your colleagues to 

find out: 

• What do your colleagues teach in their class? 

• Is there any common ground between what you teach? 

• How can you take advantage of overlapping and common concepts to build an 

interdisciplinary project?  

 

Before starting the activity, your team of teachers should decide for which grade you are going 

to perform this activity. For that particular grade follow the steps below. 

 

1. What are you teaching through a school year? - Make an overview of the curriculum you 

plan to teach. Such a list will help you get a clear idea of how much you have to teach. 

Additionally, if you collaborate with other science teachers, it will help you share your 

curriculum easily. 

 

2. What is the past knowledge that your students should have already? – It is important to 

have a clear idea about whether your students already possess the necessary past 

knowledge to properly learn each concept. This exercise will help you spot gaps and fill 

them in promptly. Additionally, this exercise will also help you get a preliminary idea 

about pieces of knowledge needed but are taught in other science disciplines. This will 

help you better coordinate with your colleagues as well. 

 

3. Can you teach this in a transdisciplinary/interdisciplinary way? – Some topics are more 

focused than others. Not all topics can be taught as easily in an interdisciplinary way. 

Think about how interdisciplinary/transdisciplinary a concept is, will help you prepare for 

your collaboration with your colleagues. It might also give you an additional insight about 

how important each concept is. 

 

4. Go through and review all the worksheets made in the previous step as a team. Identify 

possible connections between concepts and record them in worksheet 3. After you are 

finished fill in (as a team) the table in worksheet 4.  

 

 

 

 

 

IMAGINE 

Use 

worksheet 1 

for steps  

1 to 3 

 

FEEL 

Use 

worksheets 

3 and 4 for 

step 4 
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Everyday teaching Long-term projects 

 
5a. You can use the connections identified 
to make references each other’s classes 
and thus build an interdisciplinary 
framework for your students. Review the 
connections and the timeline and discuss 
with your colleagues how and when 
references can be made. You can use 
worksheet 2 (see page 4) if you wish.  
 
 
 
 
 
 
6a. Make an action plan to organize the 
cross-overs and references you can make to 
other’s classes in your everyday teaching. 
 
 
 
 
 
 
 

 
5b. Based on the connections you identified 
you can decide how to combine some of 
these concepts to build an interdisciplinary 
project for your students. For the selected 
concepts, fill in worksheet 2 (see page 4). 
 
 
 
 
 
 
 
 
 
6b. Based on the focus of your project, 
choose among our STEAM templates to 
design an interdisciplinary project for your 
students. 
 
 
 
 
 
 

7a. Implement you action plan in your 
class. Evaluate the process and share your 
experience with others. Refine the 
instructional methodology and procedures 
followed for future use. Make sure you 
update your worksheets accordingly.  
 
 
 
 
 
 

7b. Implement your project with your class. 
Evaluate the process and share your 
experience with others. Refine the 
instructional methodology and procedures 
followed for future use. Make sure you 
update your project accordingly.  
 
 
 
 
 
 

 

 

 

  

CREATE 

SHARE 

Use 

worksheet 5 

for step 5a 

 

Use 

worksheet 6 

for step 7a 

 

Use the POLAR STAR 

activity templates 

for step 6b 

 

Use 

worksheet 6 

for step 7b 

 

Use 

worksheet 2 

for step 5b 

 

Use 

worksheet 2 

for step 5a 
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Appendix II: Workbook for the Design Thinking Guide for Teachers 

These worksheets are complimentary to the Designing Thinking Guide for Teachers which 

aims to help you and your colleagues prepare your lessons/activities/projects and/or a 

whole school year plan based on the POLAR STAR interdisciplinary and transdisciplinary 

STEAM education methodology. The guide consists of four phases: FEEL – IMAGINE – 

CREATE – SHARE. In each phase you are prompted to reflect on certain questions and use 

materials and tools of the project to facilitate your everyday teaching planning and/or the 

creation of STEAM projects.  Below you may find the worksheets related to each phase. 

 

 

 

Polar Star Materials and Tools identification:  

STEAM Education Guide 
 

Science WAND   
 

IMAGINE CREATE SHARE FEEL 
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Worksheet 1. Make an overview of the curriculum you plan to teach (repeat this table as many times as you need). 

No. Subject taught  Past knowledge required 

Can I teach this in a 

transdisciplinary 

/interdisciplinary 

way: 
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Worksheet 2: Diving in to each subject. Use the square in the left to number worksheets if you need to (you can number worksheets based on 

worksheet 1) 

  Why is this topic important? 

(Links to everyday life, engineering problems, Technological achievements) 

 

 

Possible connections to other concepts 

 

 

 

 

 

STEAM, STEAM, STEAM, STEAM, STEAM - Where should my focus be?  

How do I focus on that aspect? 

 

 

 

When and how do I introduce interesting links to  

everyday life, engineering problems and  

technological achievements? 

 

Concept 
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 Worksheet 3. Connections between concepts 

Connected concepts* Connection Description 

 
 

 

  

 
 

 

 
 

 

 
 

 

 
 

 

  

  

  

 
 

 

 
 

 

 
 

 

* Connections can appear between all concepts in the set or in any subset.  
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Worksheet 4. Teaching timeline of concepts (use one row per teacher/discipline) - You can create a teaching timeline by adding the main 

concepts you want to teach per month. If you are working alongside colleagues you can fill the following tables together. Add more lines to the 

table if you need to. 

September October November December January February March April May June 
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Worksheet 5. 

List of Concepts as they 
appear in timeline 

Connected concept(s) Opportunities for connecting concepts during everyday teaching*** 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 ***Think how you can use these connections during each class. Below you may find some suggestions. 

For the concept taught before the current one, consider using the 
connected concepts to be taught: 

o During wrapping up to present related phenomena, links 
o As the setting of an experiment/hands-on 

activity/demonstration 
 

 
 

For concepts taught after others have already been introduced, 
consider using previously introduce concepts: 

o As introduction 
o To link and recall past knowledge  
o during wrapping up to present related phenomena, links 
o As the setting of an experiment/hands-on 

activity/demonstration 
o When drawing conclusions to address the subject at 

hand more effectively. 
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Worksheet 6. Evaluate, review and update (repeat this worksheet as many times as you need). 

Concepts taught: 

_________________________________________________________________________________________________________________ 

STEAM connections and interesting facts presented? ⎕ Yes   ⎕ No 

Connections to other concepts presented?  ⎕ Yes   ⎕ No 

 

What worked well? 
 
 
 
 

What didn’t work well? 
 
 
 
 

What could be improved? 
 
 
 

How did students respond (what caught their attention, what didn’t, are there any memorable moments or quotes)? 
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Appendix III: STEAM Activity Template 

Teachers Guidelines 

What is STEAM? 

STEAM, which stands for Science, Technology, Engineering, Arts, and Mathematics, is an 

educational framework for all educational levels which seeks to engage students and teachers in 

trans-disciplinary learning in a student-centered, collaborative and iterative environment. STEAM 

is more than a lesson design or a class configuration; it is a culture focused on pushing students’ 

deep thinking while solving problems which might concern themselves, their school and the 

overall community. Since STEAM promotes the integration of multiple disciplines beyond STEM, 

it supports the development of links between science, innovation and arts which have the 

potential to facilitate the creation of new creative ideas and solutions 8.  

In the context of a STEAM setting, students gain authentic experiences through dealing with 

problems and being encouraged to provide solutions by employing knowledge and skills from 

different disciplines through innovation, creativity, critical thinking, effective communication and 

collaboration. Also, STEAM as an approach to teaching and learning, has the potential to produce 

powerful, authentic learning opportunities for students’ meaningful participation in challenging 

STEAM fields needed in the future workforce. In doing so, learners are equipped with the 

necessary knowledge and skills related to the fields of science, technology, engineering, arts and 

mathematics. These knowledge and skills, which are aligned with the 21st century skills (critical 

thinking, collaboration, creativity, technology literacy, etc.) are integrated in teaching in ways that 

help students not only to understand the underlying principles, but to be able to practice and 

create products needed in daily life. Consequently, STEAM teaching is about the student rather 

than the subject areas, as it empowers them to envision themselves not just as future scientists 

or engineers but also as designers and creators. 

STEAM Activity Template 

This activity template concerns the STEAM approach (more emphasis on Science). From an early 

age, individuals act as natural scientists while seeking to understand how the physical world 

works. In trying to understand how the natural phenomena occur and function, they employ 

procedures similar to those followed by natural scientists. Normally, they begin with a question 

about a phenomenon, such as “How day and night occur?” or “What causes the formation of 

clouds?” and proceed by developing possible theories that provide explanations to their 

questions. In a similar way, scientists formulate empirically answerable questions about the 

phenomena they are studying, make a research in the related literature to see what is already 

known, develop hypotheses that derive from their questions and the background information 

they obtained through research, collect data/evidence either through designing and performing 

experiments or using secondary data from existing databases, analyze the data and provide 

 
8

European Commission. (2015). Science education for responsible citizenship. ( No. 26893). Luxembourg: Publications 
Office. Retrieved from http://dx.publications.europa.eu/10.2777/12626 
 

http://dx.publications.europa.eu/10.2777/12626
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explanatory answers to the initial questions. This process describes the so called “inquiry-based 

approach”. In the context of the Polar Star project, we suggest the Inquiry Cycle that derived from 

the PLATON project by adjusting it to STEAM education.  

 

How to Use the Activity Template? 

The template is divided in two parts. In the first part you can provide basic information about the 

activity, as well as relations with the other disciplines of STEAM which you can utilize during the 

implementation. In the second part the actual activity is described which is developed and 

presented based on the phases of the Inquiry Cycle and the overall STEAM approach of the project 

(see Output 1 for more information). A brief description of each phase is provided to facilitate the 

design of the activity for that phase by describing the process in which you and your students will 

be engaged in, as well as the related tools to be used.  
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Background information 

Title: 

Brief Description: 

How does the lesson relate to STEAM education (describe briefly what students will be doing in 

terms of Science, Technology, Engineering, Arts, and Mathematics): 

Keywords:  

Age Range: (e.g. 10-12,12-14) 

Didactical Hours: (e.g. 1 didactical hour) 

Learning objectives: 

Relation to Science WAND: 
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Setting the Scene 

This phase is about stimulating students’ interest and curiosity towards the problem, question or 

topic to be addressed. During this phase, the topic of instruction is introduced through a 

presentation of a problematic situation. Try to set your scene by connecting the topic you want 

to introduce to something that is already familiar to the students, something from their everyday 

life or something that is important to them. Try to make this introduction as interactive as 

possible. 

• Description of activity: e.g. role of the teacher, role of the student during this phase 

• Tools/materials: e.g. YouTube video (link) 

Looking Back 

Encourage your students to identify all the concepts that they know of and are related to the 

problem under discussion and make the correct connections among them. Use art tools (e.g. 

personal geography, brainstorming boards, etc.) to facilitate this process and to allow your 

students to express their knowledge and opinions in an interactive and creative way. Discuss what 

they already know or think about the ideas being brought up. Remind them about previous 

learning instances where relevant materials were studied. Ask them to connect the main concepts 

with different relevant domains. 

• Description of activity: e.g. role of the teacher, role of the student during this phase 

• Tools/materials: e.g. PowToon, students’ worksheets created for this phase 

Making Predictions and Asking Questions 

This phase is about students understanding the problem presented and getting an idea of how 

they are going to work on it in order to solve it. Invite your students to set the questions they 

are going to investigate and make some preliminary predictions or hypotheses or both. The 

questions set, should focus on how to investigate the problem at hand. Students’ hypotheses 

and predictions should be around the questions they have set. 

• Description of activity: 

• Tools/materials: 

Setting up a Research Investigation or Experiment 

During this phase, students set a plan to investigate the problem at hand. Students should design 

a plan that will help them answer their questions. Their plan could involve an experiment during 

which they will have to collect data or make observations (or both). In doing so, they can identify 

the types of variables involved (e.g., numerical, categorical), the measurement units of the 

variables, as well as and mathematical tools and procedures they will need to implement in order 

to collect and analyze their data. Instead of an experiment, this phase could involve the collection 

of information through a research investigation process or the initial identification of possible 

solutions. 

• Description of activity: 
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• Tools/materials: 

Experimenting and Gathering Data      

During this phase, students investigate the problem at hand and/or test the possible solutions 

(e.g. developing a model) by using the mathematical tools and procedures they have chosen 

in the previous phase. Make sure students always keep in mind what the problem is and why 

they perform each step. They need to have a clear understanding of the connection between 

the investigation, the questions they have set and the hypotheses they have made. 

• Description of activity: 

• Tools/materials: 

Working with Data and Drawing Conclusions 

In this phase students go through their data, analyze them and make meaning out of them. 

Data could be in the form of measurements, images from observations, input from online 

sources or handwritten observations. Data analysis could involve some extra calculation 

graphs, tables and identification of patterns or simply extraction of information from images. 

Once students are done with processing their data, it is time to interpret them and draw 

conclusions. To do this, they always need to keep in mind where they started from; what is the 

question they are trying to answer. 

• Description of activity: 

• Tools/materials: 

Communicating and Reviewing Findings 

During this phase, students share their inquiry process and results with others (peers, school, 

community etc.). This phase involves the process of presenting and discussing the whole inquiry 

process or a specific step, as well as having peers critique and comment on the process and the 

results presented. There are various artful ways that students can choose to present their findings, 

such as creating a video or a short theatre show, paintings etc. During the communication process, 

you can also present engineering examples which were created as solutions of the problem the 

students faced during this inquiry cycle and/or which were based on the knowledge also gained 

by the students. 

• Description of activity: 

• Tools/materials:
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Appendix IV: Technological Tools List for STEAM education 

In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Lego 

 

https://education. 
lego.com/en-us 

Practical learning tools at this 
developmental level develop students' 
creativity and support STEAM’s 
integration. They introduce students to 
STEAM concepts while improving the 
skills of cooperation, communication and 
problem solving, programming, 
engineering, etc. 

It depends on 
the product of 

your choice 

Programming / 
Robotics 

3-12+ 

Bee-Bot 

 

https://www.terra
pinlogo. 
com/bee-bot-
family.html 

Bee-Bot is an exciting robot designed 
specifically for use by young children. This 
colorful, easy-to-operate, and friendly 
little robot is a perfect tool for teaching 
sequencing, estimation, problem-solving, 
and just having fun! 

Depends on the 
number of the 
pieces you want 
to purchase   

Programming / 
Robotics 

3-7 

https://education.lego.com/en-us
https://education.lego.com/en-us
https://www.terrapinlogo.com/bee-bot-family.html
https://www.terrapinlogo.com/bee-bot-family.html
https://www.terrapinlogo.com/bee-bot-family.html
https://www.terrapinlogo.com/bee-bot-family.html
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

RoboBlockly 

 

https://www.robo
blockly.org/ 

RoboBlockly is a web-based robot 
simulation environment for learning 
coding and math. Based on Blockly, it 
uses a simple puzzle-piece interface to 
program virtual Linkbot, Lego 
Mindstorms NXT and EV3, as well as to 
draw and animate for beginners to learn 
robotics, coding, math, science, and art. 
Blocks in RoboBlockly can be executed in 
debug mode step-by-step. 

Free 
 

Programming / 
Robotics 

8-9+ 

Arduino 

 

https://www.ardui
no.cc/ 

Arduino is an open-source electronics 
platform based on easy-to-use hardware 
and software. Arduino boards are able to 
read inputs - light on a sensor, a finger on 
a button, or a Twitter message - and turn 
it into an output - activating a motor, 
turning on an LED, publishing something 
online etc. 

It includes 
online 

purchases and 
downloading of 

software 

Coding / 
Programming 

10+ 

Scratch 
https://scratch.mit

.edu/ 

Scratch is a block-based visual 
programming language and website 
targeted primarily at children. Users of 

Free 
- Coding / 

Programming 
 

8-16+ 
 
 

https://www.roboblockly.org/
https://www.roboblockly.org/
https://www.arduino.cc/
https://www.arduino.cc/
https://scratch.mit.edu/
https://scratch.mit.edu/
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

 

the site can create online projects using a 
block-like interface. The service has been 
translated into 70+ languages. 

 

MakeMakey 

 

https://makeymak
ey.com/ 

An electronic invention tool and toy that 
allows users to connect everyday objects 
to computer programs. Using a circuit 
board, alligator clips, and a USB cable, the 
toy uses closed loop electrical signals to 
send the computer either a keyboard 
stroke or mouse click signal. 

You need to 
purchase it 

Programming 
 

6+ 

App Inventor 

 

https://appinvento
r.mit.edu/ 

App Inventor lets you develop 
applications for Android phones using a 
web browser and either a connected 
phone or an emulator. The App Inventor 
servers store your work and help you 
keep track of your projects.  

Free Programming 9-12+ 

https://makeymakey.com/
https://makeymakey.com/
https://appinventor.mit.edu/
https://appinventor.mit.edu/
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Python 

 

https://www.pyth
on.org/ 

Python is a general purpose and high-
level programming language. You can use 
Python for developing desktop GUI 
applications, websites and web 
applications. Also, Python allows you to 
focus on core functionality of the 
application by taking care of common 
programming tasks. 

Free Programming  7+ 

Micro.bit 

 

https://microbit.or
g/ 

It is a pocket-sized computer 70 times 
smaller and 18 times faster than the 
original BBC Micro computers used in 
schools. It has 25 red LED lights that can 
flash messages and be used to create 
games. There are two programmable 
buttons that can be used to control 
games or pause and skip songs on a 
playlist. 

You need to 
purchase it 

online 
Programming 8-14 

https://www.python.org/
https://www.python.org/
https://microbit.org/
https://microbit.org/
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Raspberry Pi 

 

https://www.raspb
errypi.org/ 

The Raspberry Pi is a low cost, credit-card 
sized computer that plugs into a 
computer monitor or TV and uses a 
standard keyboard and mouse. It is a 
capable little device that enables people 
of all ages to explore computing, and to 
learn how to program in languages like 
Scratch and Python. 

It includes 
online 
purchases and 
downloading of 
software  

Programming/ 
Robotics 

8-12+ 

Algodoo 

 

http://www.algod
oo.com/ 

Algodoo is a unique 2D-simulation 
software designed in a playful, cartoony 
manner, making it a perfect tool for 
creating interactive scenes. Explore 
physics, build amazing inventions, design 
cool games or experiment with Algodoo 
in your science classes.  

Free Modeling   6+ 

https://www.raspberrypi.org/
https://www.raspberrypi.org/
http://www.algodoo.com/
http://www.algodoo.com/
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Microworlds 

EX and JR 

 

 
 

 

 

 

http://www.micro
worlds.com/ 

MicroWorlds EX is a coding environment 
that empowers students to create and 
share interactive games, perform 
mathematical experiments, explore 
science simulations and write multimedia 
stories.  
 
MicroWorlds JR for Pre-K to Grade 4 the 
child in full control. No reading is 
necessary. It's easy to learn and use with 
simple, point & click operations and child 
friendly symbols. Encourages children to 
explore mathematical and other "big" 
ideas such as numbers, geometry, 
patterns and movement. 
 

Purchase is 
needed 

Programming 
 

5-9 / 10+ 

http://www.microworlds.com/
http://www.microworlds.com/
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Lego WeDo 2.0 

 

https://education.l
ego.com/en-

us/downloads/we
do-2/software 

LEGO WeDo is a robotics hardware and 
software platform specifically designed 
for Kindergarten to Grade 2 students. As 
with other LEGO Education products it 
follows the 4 C's process– Connect to a 
story, Construct a model, Contemplate its 
function, and Continue improving its 
design. 

Free software 
download 

Modeling 3+ 

Lego 

Mindstorms 

 

https://www.lego.
com/en-

gb/themes/mindst
orms 

Lego Mindstorms is a hardware and 
software structure which is produced by 
Lego for the development of 
programmable robots based on Lego 
building blocks. 

You need to 
purchase it 

Robotics 10+ 

VisualStudioC

ode 

https://code.visual
studio.com/docs 

Visual Studio Code is a source-code editor 
developed by Microsoft for Windows, 
Linux and macOS. It includes support for 
debugging, embedded Git control and 
GitHub, syntax highlighting, intelligent 

Free software 
download 

Programming 

 

https://education.lego.com/en-us/downloads/wedo-2/software
https://education.lego.com/en-us/downloads/wedo-2/software
https://education.lego.com/en-us/downloads/wedo-2/software
https://education.lego.com/en-us/downloads/wedo-2/software
https://www.lego.com/en-gb/themes/mindstorms
https://www.lego.com/en-gb/themes/mindstorms
https://www.lego.com/en-gb/themes/mindstorms
https://www.lego.com/en-gb/themes/mindstorms
https://code.visualstudio.com/docs
https://code.visualstudio.com/docs
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

 

code completion, snippets, and code 
refactoring. 

LightBot 

 

www.lightbot.com 
LightBot is a puzzle game based on 
coding; it secretly teaches you 
programming logic as you play! 

You need to 
purchase it 

Programming 4+ 

Kodable 

 

www.kodable.com 

Kodable is a complete K-5 curriculum 
taking students from learning to think like 
a programmer in Kindergarten to writing 
real JavaScript by 5th grade. Kodable 
provides easy to follow lesson plans 
focused on student outcomes so teachers 
can teach their students to code. 

Free Programming 4-11 

http://www.lightbot.com/
http://www.kodable.com/
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Solarsystemsc

ope 

 

https://www.solar
systemscope.com/ 

Solar System Scope is a model of Solar 
System, Night sky and Outer Space in real 
time, with accurate positions of objects 
and lots of interesting facts. 

Free Astronomy 

 

Stellarium 

 

https://stellarium.
org/ 

Stellarium is a planetarium software that 
shows exactly what you see when you 
look up at the stars. It's easy to use, and 
free. 

Free Astronomy  

 

Tinkercad 

 

Tinkercad.com 

Tinkercad is a free, easy-to-use app for 
3D design, electronics, and coding. It's 
used by teachers, kids, hobbyists, and 
designers to imagine, design, and make 
anything! 

Free Programming 3-12 
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Science 

Journal 

 

https://sciencejour
nal. 

withgoogle.com/ 

Science Journal transforms your device 
into a pocket-size science tool that 
encourages students to explore their 
world. As they conduct eye-opening 
experiments, they’ll record observations 
and make new, exciting discoveries. 

Free Experiment tool 17-19 

Physics 

Toolbox 

 

https://play.google
.com/store/apps/d
etails?id=com.chry
stianvieyra.physics
toolboxsuite&hl=e

n 

This app uses device sensor inputs to 
collect, record, and export data in comma 
separated value format through a 
shareable .csv file. Data can be plotted 
against elapsed time on a graph or 
displayed digitally. Users can export the 
data for further analysis in a spreadsheet 
or plotting tool. This app also generates 
tones, colors, and a stroboscope. 

Free Experiment tool 8+ 

https://sciencejournal.withgoogle.com/
https://sciencejournal.withgoogle.com/
https://sciencejournal.withgoogle.com/
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Europeana 

 

 

https://www.euro
peana.eu/el  

Europeana provides access to millions of 
books, music, artworks and more – with 
sophisticated search and filter tools to 
help you find what you’re looking for. 

Free 
General 

resources  

 

Sciencedemog

uy 

 

Sciencedemoguy.c
om 

Looking for great ideas for your Science, 
STEM or STEAM classroom? What about 
FREE lesson Plans, materials lists, video 
demonstrations, instructions and grading 
rubrics? 

Free resources 
as well as some 

to purchase 

General 
resources 

 

CLEO.net.uk 

 

http://www.cleo.n
et.uk/resources/in
dex.php?ks=3&cur

=3 
 

Online Software about:  
Electric circuits, Plato’s Cave, Climate 
Change and others. 

Free 
General 

resources 
 

 

https://www.europeana.eu/el
https://www.europeana.eu/el
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Google 

classroom 

 

 

https://classroom.
google.com/ 

Google Classroom is a free web service, 
developed by Google for schools, that 
aims to simplify creating, distributing, 
and grading assignments in a paperless 
way. The primary purpose of Google 
Classroom is to streamline the process of 
sharing files between teachers and 
students. 

Free 
 

Individual 
licenses upon 

payment 

Sharing files 

 

National 

Geographic 

 

 

https://www.natio
nalgeographic.com

/ 

The National Geographic Society is a 
global nonprofit organization committed 
to exploring and protecting our planet. 
We fund hundreds of research and 
conservation projects around the world 
each year and inspire new generations 
through our education initiatives and 
resources. 

Magazine and 
Channel need a 

subscription 

General 
resources 

 

Google forms 

https://docs.googl
e.com/forms/u/0/
?tgif=d  

Google Forms is a web-based app used to 
create forms for data collection purposes. 
Students and teachers can use Google 

Free Research tool 
 

https://classroom.google.com/
https://classroom.google.com/
https://www.nationalgeographic.com/
https://www.nationalgeographic.com/
https://www.nationalgeographic.com/
https://docs.google.com/forms/u/0/?tgif=d
https://docs.google.com/forms/u/0/?tgif=d
https://docs.google.com/forms/u/0/?tgif=d
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Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

 

Forms to make surveys, quizzes, or event 
registration sheets. 

Plotly chart 

studio 

 

https://chart-
studio.plotly.com/

create/#/ 

Plotly is a data visualization company that 
makes it easy to build, test, and deploy 
beautiful interactive web apps, charts 
and graphs—in any programming 
language. 

Free 
 

Certain versions 
need payment 

Graphs/charts 

 

Sketchpad 

 

https://sketch.io/s
ketchpad/ 

A sketchbook is a book or pad with blank 
pages for sketching and is frequently 
used by artists for drawing or painting as 
a part of their creative process. 

Purchase a 
license to 

unlock the full 
feature 

Arts 

 

Geogebra 

https://www.geog
ebra.org 

/?lang=en 

GeoGebra is a Dynamic Mathematics 
Software (DMS) for teaching and learning 
mathematics from middle school through 
college level. It also provides basic 

Free Geometry 6+ 

https://chart-studio.plotly.com/create/#/
https://chart-studio.plotly.com/create/#/
https://chart-studio.plotly.com/create/#/
https://sketch.io/sketchpad/
https://sketch.io/sketchpad/
https://www.geogebra.org/?lang=en
https://www.geogebra.org/?lang=en
https://www.geogebra.org/?lang=en
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Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

 

features of Computer Algebra Systems 
(CAS) to bridge some gaps between 
geometry, algebra and calculus. 

Dalest 

 

 

https://pavel.it.fmi
.uni-

sofia.bg/elica/dale
st/ 

dalest.html 

It offers the opportunity to develop a 
dynamic 3D geometric reality in a 
microcosm, which allows students to 
construct, observe and manipulate 
geometric shapes in space and enhances 
teachers' efforts to achieve an 
understanding of stereometry for their 
students. 

Free Geometry 

 

https://pavel.it.fmi.uni-sofia.bg/elica/dalest/dalest.html
https://pavel.it.fmi.uni-sofia.bg/elica/dalest/dalest.html
https://pavel.it.fmi.uni-sofia.bg/elica/dalest/dalest.html
https://pavel.it.fmi.uni-sofia.bg/elica/dalest/dalest.html
https://pavel.it.fmi.uni-sofia.bg/elica/dalest/dalest.html
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Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Cabri 

Geometry 

 

https://cabri.com/
en/ 

The program allows the user to move 
geometric shapes. Relationships between 
points in a geometric object can be easily 
demonstrated. There are also graphics 
and display functions that allow you to 
explore the connections between 
geometry and algebra. 

Free for testing  
 

Includes 
product 

purchase online 

Geometry 

 
 
 

EucliDraw 

 

https://euclidraw.s
oftware. 

informer.com/2.5/ 

EucliDraw is a program that draws figures 
of the plane Euclidean geometry. It 
simulates the paper surface, the ruler, 
the compass and dozens of other 
specialized tools, that enable you to draw 
complicated figures, instantly and with 
high precision. 

Free Geometry 

 

https://cabri.com/en/
https://cabri.com/en/
https://euclidraw.software.informer.com/2.5/
https://euclidraw.software.informer.com/2.5/
https://euclidraw.software.informer.com/2.5/
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Cost - Adds on 

needed 
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Restrictions 

SimCalc  

 

 

http://kaputcenter
.org/ 

products/software
/simcalc-

mathworlds-
software/ 

An application that allows to work with 
multiple representations (tables, graphs, 
etc.), dynamic use and interaction with 
algebra, design of mathematical 
activities, etc. 

Free Algebra/Graphs 8+ 

Matific 

 

 

https://www.matif
ic.com/ 

Online mathematics teaching resource 
for schools. Focuses on improving core 
skills such as addition, subtraction, 
division, multiplication and more. 

Free to try 
 

For full use 
needs yearly 

payment 

Algebra 7+ 

Microsoft 

Math Solver 

 

https://math.micr
osoft.com/en/ 

Educational program, designed for 
mobile platforms (iOS and Android), that 
allows users to solve math and science 
problems. 

 

Algebra 

 

Linear Algebra 
https://play.google
.com/store/apps/d

The course can range from more 
elementary topics, such as performing 

Free Algebra 
 

http://kaputcenter.org/products/software/simcalc-mathworlds-software/
http://kaputcenter.org/products/software/simcalc-mathworlds-software/
http://kaputcenter.org/products/software/simcalc-mathworlds-software/
http://kaputcenter.org/products/software/simcalc-mathworlds-software/
http://kaputcenter.org/products/software/simcalc-mathworlds-software/
http://kaputcenter.org/products/software/simcalc-mathworlds-software/
https://www.matific.com/
https://www.matific.com/
https://math.microsoft.com/en/
https://math.microsoft.com/en/
https://play.google.com/store/apps/details?id=com.varsitytutors.learningtools.linearalgebra&hl=el
https://play.google.com/store/apps/details?id=com.varsitytutors.learningtools.linearalgebra&hl=el
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Cost - Adds on 

needed 
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Restrictions 

 

 

etails?id=com.varsi
tytutors.learningto
ols.linearalgebra&

hl=el 

arithmetic operations on matrices, to 
more complex topics, such as vector 
spaces and hyperplanes. Work toward a 
greater understanding of these topics 
through Varsity Tutors’ free Linear 
Algebra app for Android devices. 

Mathway 

 

 

www.mathway.co
m 

Mathway provides students with the 
tools they need to understand and solve 
their math problems.  

Free.  
For step-by-step 

work and 
explanations 

upgrade is 
needed 

Algebra 

 

Symbolab 

 

https://www.symb
olab.com/solver/al

gebra-calculator 

It is an online service that computes step-
by-step solutions to mathematical 
problems in a range of subjects. 

Free version 
available 

Algebra 

 

GoLab 
https://www.golab

z.eu/ 
Find the largest collection of online labs, 
try interactive exploration of applications, 

Free 
Online labs and 

lessons 
5+ 

https://play.google.com/store/apps/details?id=com.varsitytutors.learningtools.linearalgebra&hl=el
https://play.google.com/store/apps/details?id=com.varsitytutors.learningtools.linearalgebra&hl=el
https://play.google.com/store/apps/details?id=com.varsitytutors.learningtools.linearalgebra&hl=el
https://play.google.com/store/apps/details?id=com.varsitytutors.learningtools.linearalgebra&hl=el
http://www.mathway.com/
http://www.mathway.com/
https://www.symbolab.com/solver/algebra-calculator
https://www.symbolab.com/solver/algebra-calculator
https://www.symbolab.com/solver/algebra-calculator
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

 

 

combine labs and applications in research 
learning areas, and share them with your 
students and colleagues. 

The Physics 

Aviary 

 

https://www.thep
hysicsaviary.com/ 

Cross-platform, run-anywhere, programs 
to help physics students master the big 
ideas in physics.  

Free 
 

Science 
resources 

 

Physlet® 

Physics 3E 

 

https://www.comp
adre.org/physlets/ 

The Physlet Physics web site provides a 
technology-enhanced introduction to 
physics. Interactive javascript simulations 
are used to illustrate and explore physics 
topics, covering the material found in 
most introductory courses. The broad 
topics covered are Mechanics, Fluids, 
Waves, Thermodynamics, 
Electromagnetism, Circuits, and Optics. 

 

Simulations 
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

(In Spanish) 

Curso 

interactivo de 

física 

 
 

http://www.sc.ehu
.es/sbweb/fisica3/i

ndex.html 

El Curso Interactivo de Física en Internet, 
es un curso de Física general que trata 
desde conceptos simples como el 
movimiento rectilíneo hasta otros más 
complejos como las bandas de energía de 
los sólidos. La interactividad se logra 
mediante los 646 applets insertados en 
sus páginas webs que son simulaciones 
de sistemas físicos, prácticas de 
laboratorio, experiencias de gran 
relevancia histórica, problemas 
interactivos, problemas-juego, etc. 

Free 
Science 

resources 

 

Phet 

Interactive 

Simulations 

 

https://phet.colora
do.edu/ 

 
 

PhET is a suite of research-based 
interactive computer simulations for 
teaching and learning physics, chemistry, 
math, and other sciences. They 
emphasize the connections between real-
life phenomena and the underlying 
science, and help make the visual and 
conceptual models of expert scientists 
accessible to students. 

Free Simulations 5+ 
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

National 

Library of 

Virtual 

Manipulatives 

 

http://nlvm.usu.ed
u/ 

 

A library with unique interactive, virtual 
manipulations, mainly in the form of Java 
micro-applications, for teaching 
mathematics.  

Free 
Math 

applications 
4-5+ 

Gizmos 

 

https://www.explo
relearning.com/ 

Gizmos are interactive simulations of 
mathematics and science. More than 400 
Gizmos aligned with the latest standards 
to help teachers bring new learning 
experiences in the classroom. 

Some of them 
are free others 

need to be 
purchased 

Math and 
science 

applications 
8-9+ 

Illuminations 

 

 

https://illuminatio
ns.nctm.org/ 

Illuminations works to serve you by 
increasing access to quality resources 
based on quality standards for teaching 
and learning mathematics, including 
interactive tools for students and 
educational support for teachers. 

Purchase 
needed 

Tools and 
resources for 

teaching 
mathematics 

4-5+ 
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Kahoot 

 

 

https://kahoot.co
m/ 

Create analyzes and reports, trivia quizzes 
or quizzes of any type and language. 
Participants can play your game / quiz 
from their device, all of them on the 
same time. 

Free version. 
For unlimited 

number of 
participants in 
your quiz you 

need an 
upgrade 

Assessment 
16+ 

(to create an 
account) 

Plickers 

 

 

https://get.plickers
.com/ 

Plickers is an interactive tech tool that 
uses printable “paper clickers” instead of 
clicker devices. Each student is assigned a 
unique Plickers card that has a black and 
white image similar to a QR code. Plickers 
is a terrific formative assessment tool, 
but it can be used for much more than 
assessment. 

Free 
For assessment 

purposes 

13+ 
(to create an 

account) 

Padlet 

 

https://padlet.com
/ 

Padlet is an application to create an 
online bulletin board that you can use to 
display information for any topic. You can 
add images, links, videos, columns for 
sorting or refining organization, and 
more. 

Free trial  
Monthly charge 
for full features 

Brainstorming/ 
assessment/ 

sharing 

13+ 
(to create an 

account) 
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Quizizz 

 

https://quizizz.zen
desk.com/hc/en-us 

Quizizz allows you to conduct student-
paced formative assessments in a fun and 
engaging way for students of all ages. 
Questions appear on each student's 
screen, so they can answer questions at 
their own pace, and review their answers 
at the end. 

Free 
 

For assessment 
purposes 

 

Pinup 

 

www.pinup.com 
A quick and easy to take sticky notes and 
share with your friends.  

Membership 
needed 

Brainstorming/ 
sharing 

 

Google Slides 

 

http://www.googl
e.com/slides/abou

t/ 

Ability to insert images, formatted text, 
animations, other media. The use of a 
variety of templates. The ability to edit 
transitions between slides. Collaborative 
editing for sharing between computers, 
devices, and other users. 

Free Presentations 
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Google 

Jamboard 

 

https://jamboard.g
oogle.com/ 

Google Jamboard is a whiteboard-like 4K 
touch display you can use for meetings 
and presentation purposes. Turn it on, 
draw on it, flip through slides on it etc. 
Google has added G Suite support to 
Jamboard, so users will be able to directly 
access and edit Docs, Sheets, Slides, and 
photos stored in Drive. 

Free 
 

Presentations/ 
sharing 

 

EdPuzzle

 

https://edpuzzle.c
om/ 

Easily create beautiful interactive video 
lessons and check if students are 
watching your videos, how many times 
they're watching each section, and if 
they're understanding the content. 

Free 
General 

resource (video 
lessons) 

 

Mentimeter 

 

https://www.ment
imeter.com/ 

Mentimeter is a tool that lets you engage 
and interact with your audience in real-
time. The audience simply votes via 
mobile phones.  

Free 
 

Monthly charge 
for full features 

Assessment / 
brainstorming 

12+ 
(to create an 

account) 

https://edpuzzle.com/
https://edpuzzle.com/
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Powtoon 

 

https://www.powt
oon.com/index/ 

PowToon is Web-based animation 
software that allows you to quickly and 
easily create animated presentations with 
your students by manipulating pre-
created objects, imported images, 
provided music and user created voice-
overs. 

Free 
 

Monthly charge 
for all features 

Animated 
presentations 

18+ 
(to create an 

account) 
 

Glogster 

 

https://edu.glogst
er.com/ 

Glogster is a cloud-based (SaaS) platform 
for presentation and interactive learning. 
It allows users to mix all kinds of media 
on a virtual canvas to create multimedia 
posters, and access a library of engaging 
educational content created by students 
and educators worldwide. 

Free 
Creating visual 

content 

 

Prezi 

 

https://prezi.com/ 

A prezi is a presentation of text and 
visuals that you zoom in and out of. It is 
very similar to a power point, except you 
do not make slides. Instead, you make 
one big prezi and zoom in to different 
views. You can show a prezi to others on 
a computer through your prezi account, 
or you can link to them. 

Free Presentations 

 

https://www.powtoon.com/index/
https://www.powtoon.com/index/
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Canva 

 

https://www.canv
a.com/ 

Canva is a graphic design platform that 
allows users to create social media 
graphics, presentations, posters and 
other visual content. Users can choose 
from many professional designed 
templates and edit the designs and 
upload their own photos through a drag 
and drop interface. 

Free 
 

You can 
purchase and 

upgrade. 

Creating visual 
content 

13+ 
(to create an 

account) 
 

AnswerGarden 

 

https://answergar
den.ch/ 

This is an easy-to-use online feedback 
app that can be used to elicit brief 
answers from your respondents. It adopts 
a minimalist design that allows users to 
create, share, answer, and manage topic 
questions without signing up for 
accounts. Although a simple app, it has 
the potential to be used to accomplish a 
wide range of education tasks, such as 
brainstorming, polling, synchronous and 
asynchronous communication, and 
formative assessment.   

Free 
Assessment / 

sharing 
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In the table below, we provide suggestions of technological tools which can facilitate the implementation of STEAM methodology in various 
stages of the learning process. This list was developed based on suggestions by the partners and the advisors (mainly teachers) of the Polar 
Star project. For each tool, a basic description is presented, as well as information (when provided by the developers) about the age 
restrictions and cost and/or adds on needed.  
 

Tool Link Description 
Cost - Adds on 

needed 
Main use 

Age 
Restrictions 

Google Sheets 

Spreadsheets 

 

https://www.googl
e.com/sheets/abo

ut/ 
 

Google Sheets is an online spreadsheet 
app that lets you create and format 
spreadsheets and work with other 
people. 

Free 
 

Research tool 
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Appendix V: STEAM Activity Template 

Teachers Guidelines 

What is STEAM? 

STEAM, which stands for Science, Technology, Engineering, Arts, and Mathematics, is an 

educational framework for all educational levels which seeks to engage students and teachers in 

trans-disciplinary learning in a student-centered, collaborative and iterative environment. STEAM 

is more than a lesson design or a class configuration; it is a culture focused on pushing students’ 

deep thinking while solving problems which might concern themselves, their school and the 

overall community. Since STEAM promotes the integration of multiple disciplines beyond STEM, 

it supports the development of links between science, innovation and arts which have the 

potential to facilitate the creation of new creative ideas and solutions 9.  

In the context of a STEAM setting, students gain authentic experiences through dealing with 

problems and being encouraged to provide solutions by employing knowledge and skills from 

different disciplines through innovation, creativity, critical thinking, effective communication and 

collaboration. Also, STEAM as an approach to teaching and learning, has the potential to produce 

powerful, authentic learning opportunities for students’ meaningful participation in challenging 

STEAM fields needed in the future workforce. In doing so, learners are equipped with the 

necessary knowledge and skills related to the fields of science, technology, engineering, arts and 

mathematics. These knowledge and skills, which are aligned with the 21st century skills (critical 

thinking, collaboration, creativity, technology literacy, etc.) are integrated in teaching in ways that 

help students not only to understand the underlying principles, but to be able to practice and 

create products needed in daily life. Consequently, STEAM teaching is about the student rather 

than the subject areas, as it empowers them to envision themselves not just as future scientists 

or engineers but also as designers and creators. 

STEAM Activity Template 

This activity template concerns the STEAM approach (more emphasis on Engineering). Engineering 

makes use of specialized knowledge from domains like science, technology, and 

mathematics in solving problems that start from specific needs or desires of individuals 

or societal groups. For example, when there is a need to build a bridge over a river, 

engineers exploit their science knowledge (e.g., what kinds of occasional, transient forces 

might the bridge need to withstand? How should the bridge be designed to survive 

possible earthquakes or hurricanes?), their mathematics knowledge (e.g., define and 

solve mathematical equations to estimate the sum of forces exerted on the bridge, 

develop mathematical models to test bridge resistance to possible variables), their 

technology knowledge (e.g., use of modelling software during the design phase to 

 
9

European Commission. (2015). Science education for responsible citizenship. ( No. 26893). Luxembourg: Publications 
Office. Retrieved from http://dx.publications.europa.eu/10.2777/12626 
 

http://dx.publications.europa.eu/10.2777/12626
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develop models while studying the dynamics behind the bridge mechanism or use of 

technology equipment like sensors to control the function of bridge), as well as their 

understanding of the engineering design process (e.g., given the need that a bridge might 

need to carry different types of traffic, e.g., railway trains, cars, and/or pedestrians, what 

are the possible design candidates to fulfil each of these requirements? What type of 

safety measures should be taken care of?). They should be given opportunities to ask 

questions to define the engineering problem, design several candidate solutions, 

determine criteria for a solution to be considered as successful, and identify constraints. 

In the context of STEAM education, learners are expected to engage in processes and 

tasks similar to those engineers cope with. They should be given opportunities to ask 

questions to define the engineering problem, design several candidate solutions, 

determine criteria for a solution to be considered as successful, and identify constraints. 

In the context of the Polar Star project, we suggest the Engineering Design Process10 by 

adjusting it to STEAM education.  

 

How to Use the Activity Template? 

The template is divided in two parts. In the first part you can provide basic information about the 

activity, as well as relations with the other disciplines of STEAM which you can utilize during the 

implementation. In the second part the actual activity is described which is developed and 

presented based on the steps of the Engineering Design Process and the overall STEAM approach 

of the project (see Output 1 for more information). A brief description of each step is provided to 

facilitate the design of the activity for that step by describing the process in which you and your 

students will be engaged in, as well as the related tools to be used.  

  

 
10 Adapted from Massachusetts DOE, Massachusetts Science and Technology/Engineering Curriculum 
Framework. 2006, Massachusetts. 
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Background information 

Title: 

Brief Description: 

How does the lesson relate to STEAM education (describe briefly what students will be doing in 

terms of Science, Technology, Engineering, Arts, and Mathematics): 

Keywords:  

Age Range: (e.g. 10-12,12-14) 

Didactical Hours: (e.g. 1 didactical hour) 

Learning objectives: 

Relation to Science WAND: 
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Identify the need or problem 

Identify a need/ problem/ design challenge that your students could potentially provide solutions 

to (e.g. a need to develop a product or a service). To engage your students further you can 

brainstorm with them a problem/need that relates to their interests and needs and/or their 

school’s/ community’s needs.  Formulating a research question and/or a hypothesis can facilitate 

this process and it can especially guide the next step.  

• Description of activity: e.g. role of the teacher, role of the student during this phase 

• Tools/materials: e.g. YouTube video (link) 

Research the need or problem 

During this step you should obtain knowledge regarding different issues associated with the 

need/problem you identified in step 1. Identify the people who will benefit from the solution in 

order to make associations with possible social, political and economic conditions that might 

facilitate or restrict the process and also to better define the product’s attributes. Identify the 

current state of the problem/issue and possible solutions suggested by others.  You can follow an 

inquiry-based research (i.e. Inquiry Cycle) based on the question/hypothesis you have formulated 

in the previous step in order to obtain this knowledge (see Science section) by doing a survey, 

focus groups, interviews etc. 

• Description of activity: e.g. role of the teacher, role of the student during this phase 

• Tools/materials: e.g. PowToon, students’ worksheets created for this phase 

Develop possible solution(s) 

Based on the research conducted in the previous step, brainstorm with your students possible 

solution(s). Knowledge of basic mathematic and scientific principles will be necessary at this stage, 

as well as the use of related tools (e.g. programming/designing software). You can visualize your 

ideas during this brainstorming process in different ways: posters, stick-it notes, vision boards, 2D 

or 3D representation with the use of physical materials or software etc.   

• Description of activity: 

• Tools/materials: 

Select the best possible solution(s) 

 

After the initial brainstorming go through your ideas again and see whether some of them could 

be combined or adjusted or omitted. Then, decide which of those solutions better meet the need 

or resolve the problem you have identified. You can develop specific criteria to decide on a 

solution (e.g. time constraints, skills and equipment necessary to undertake different tasks). 

• Description of activity: 

• Tools/materials: 

Construct a prototype  
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During this step you will design a prototype (i.e. a model which represents how the final 

product/service will function and/or look) that you will test and evaluate in the next step to 

decide whether it will “work” in a real-life scenario (feasibility, practicality, usability). You can 

use different technological tools to construct a model (3D printers, virtual labs, power tools 

etc.) and employ different art-related practices and skills to make it aesthetically pleasing and 

creative.  Basic mathematical skills (e.g. measuring, scaling, graphing) and tools (e.g. 

calculators, geometry applications, measuring instruments) will be utilized during the 

construction. To decide the process that needs to be followed in constructing your model, take 

into consideration the time available, the cost, students’ skills, available infrastructure and if it 

would be possible to actually test the derived prototype. 

• Description of activity: 

• Tools/materials: 

Test and evaluate the solution(s) 

While keeping in mind the need/problem at hand, identify the requirements your prototype 

needs to meet (e.g. does it need to endure different environmental conditions?) and the ways 

you can test and evaluate different aspects. Mathematical analysis is often necessary for 

evaluating design solutions. If it does not meet your requirements (e.g. different materials are 

needed), you can make adjustments and re-test it before moving to the next step. 

• Description of activity: 

• Tools/materials: 

Communicate the solution(s) 

At this point of the Engineering Process, you can communicate your solution to others, especially 

to the people that this solution is targeted to. You can use different creative ways to communicate 

it (e.g. presentation, posters, theatre). By communicating your solution, you can discuss and 

reflect on whether it actually meets the initial need/problem and ways it can be improved. 

• Description of activity: 

• Tools/materials: 

 

Redesign 

Based on the feedback you will receive during the 6th and 7th step, it is possible that you will need 

to refine or even redesign your solution. This is a process that engineers have to go through to 

find a final solution to the problem/need. If your prototype meets all the requirements, you can 

develop your final solution. If someone else will manufacture your product or a specific 

component, you might need to create an engineering drawing to showcase everything in detail 

(e.g. to clarify the geometry of a certain component). 

• Description of activity: 

• Tools/materials: 
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Appendix VI: STEAM Activity Template 

Background information 

Title: 

Brief Description: 

How does the lesson relate to STEAM education (describe briefly what students will be doing in 

terms of Science, Technology, Engineering, Arts, and Mathematics): 

Keywords:  

Age Range: (e.g. 10-12,12-14) 

Didactical Hours: (e.g. 1 didactical hour) 

Learning objectives: 
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Template 1 - Making Art following scientific research processes 

One way to mix Arts with STEM is to use a scientific research-like process to create Art. 

Before starting, here is a list with some useful tools you can deploy during the activity:  

- A Journal to record ideas, feelings, impressions, notes, test ideas; 

- A Folder to collect materials; 

- Moodboards to keep track of tools, ideas, methods, feelings, inspiration; 

- A collection of art activities for inspiration and boosting creativity. 

 

An example of such an approach is the following: 

1. Setting the scene   

Dive into the subject by looking at it from a scientific point of view. 

Do a small hands-on activity related to the subject at hand so you can introduce the topic 

from a scientific point of view. As above, the activity could be a short scientific inquiry 

(experiment) or a hands-on Technology and Engineering project. 

Suggested Tools: Journal  

 

2. Looking around  

Search on your subject for different types of Art related to your subject. 

- Decide what type or Artworks you are looking for (Paintings, music, sculptures 

etc.); 

- Look for renowned artists/artworks throughout the eras; 

- Collect different artworks and select those that speak to you the most. 

Suggested Tools: Journal  

 

3. Investigation - Part 1 

 Elaborate on the artworks collected and try to understand what the artist is trying to say 

and how the artist worked 

- Look for accompanying content on the artwork (description, commentary, artist’s 

interview and trivia); 

- Try and understand how the artists has worked to put the artwork together 

(methods, practices, process, tools, materials); 

- Reflect on what the artwork means to each students; 

- Reflect on what the artists is trying to say through his/her work; 

Tools: Journal, Folder, Moodboard  

 

4. Investigation - Part 2  

Reflect on the artwork and understand what it means to the students. 

Encourage students to: 

- Draw inspiration from the artwork collected; 

- Reflect on what the message they want to communicate is; 
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- Think about ways to communicate theirs messages through different means of 

expression 

- Think about how the artworks studied can help students create their own art 

Tools: Journal, Moodboard, art activities  

 

5. Creation   

Create your own art 

Students can: 

- Deploy methods and processes and tools students learned about; 

- Make a blueprint of their artwork; 

- Experiment and try new things; 

- Reflect on their work to see if the end product does communicate the message 

they wanted. 

 

6. Communication – Discussion 

Presenting the Artwork 

Take some time and ask students to present their work. During this part you could do the 

following:  

- Ask students to write an accompanying article talking about their art, their 

inspiration and the message they wished to communicate; 

- Have a session where students present their artwork and ask other students to 

comment on it before the artist-student explains his/her point of view;  

- Guide students to comment not on whether they like the artwork or not but on 

what they see/feel/think when looking at the artwork, what message does it 

communicate to them, what is the thing that engaged them most about it. 

- Ask the artist-student to explain his/her point of view; 

- Reflect and discuss on the artwork after the artist/student presents his/her 

rationale. Discuss whether new ideas for other artwork come up during the 

reflection session or if the artist/student would like to make some changes to the 

artwork. 

Tools: Journal 
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Template 2 - Use Art to communicate science in an engaging way 

Another way to use Art in conjunction with STEM disciplines is to invite the students to 

become science communicators. Songs, stand-up comedies, poetry and storytelling are 

only but a few ways in which science can be communicated. Given that in this approach, 

students act as STEM ambassadors, this kind of activities is closely related to activities 

that aim to open-up schools to local societies (Open Schooling approach). Students can 

make Art around Science and STEM and then use it to inform their local communities 

about it and increase citizens’ knowledge on STEM disciplines and their appreciation of 

them based on how they contribute in facing contemporary challenges and meet the 

needs of todays’ societies. You can make this kind of activity as a part of a bigger project 

that is based on the Open Schooling approach and integrate it as one of the tasks students 

will have to work on.  

 

Here is an example approach: 

 

1. Setting the scene 

Start your work again like in the setting the scene phase presented above so students 

can dive into the subject at hand. To achieve maximum impact, make sure the activity is 

directly related to everyday life or a contemporary problem. This way students will find 

meaning into what they are learning and be more engaged.  

 

2. Conceptualization 

Ask you students to reflect on the activity they did and decide what are the main 

messages they wish to communicate through their art. After deciding on that, it is time 

to decide what kind of art they wish to create and if/how they will collaborate with their 

peers. Is it going to be a theatrical play? Is it going to be a painting? It is also a good ideas 

to decide now how the final presentation of the entire class’ work is going to happen 

and what kind of event you will organize (see more on the Discussion phase). 

 

3. Investigation/Creation 

Once the context is decided it is time for students to do a research on the subject at 

hand so they can dive in and then create their Art. You can refer to the first section 

(Drawing inspiration from STEM) for more information on how to facilitate your students 

during this process. You can also use an inquiry science activity to help your students 

deepen their knowledge on the subject. 

 

4. Demonstration/Reflection 

Ask students to present their artworks and do a reflection session on them as described 

above so students can have a chance to receive feedback and possibly make some 
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changes in their artwork. This phase will help your students ‘demo’ their artwork and 

see if the message they wished to communicate is getting across to their audience. 

 

5. Presentation 

Once the artworks are finalized it is time to present them to the local community. This 

can be done in numerous ways. Here are some ideas: 

- a school event where students’ families are invited; 

- a local Science and Art festival; 

- a social media campaign; 

- a stand-up event in a central point of the town 

 

Reviews from participants is what usually follows a premiere of a movie or an art 

exhibition. Likewise, regardless the way you choose to communicate students’ work it is 

important to collect some feedback on the impact of the event to citizens. Consider 

putting together a small reflection questionnaire for participants or ask students to do 

some interviews. This way students can get an idea of how their work affected the local 

community and feel empowered to uptake more active roles in other citizen-related 

initiative as well. 

 


