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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 analyse data.  While 
performing their investigations, learners might use models or/and simulations to analyse 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 Process1. 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 discipline. Technology is a main aspect of 

 
1 Adapted from Massachusetts DOE, Massachusetts Science and Technology/Engineering Curriculum Framework. 
2006, Massachusetts. 
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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.  

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) 
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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 

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.  
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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 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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