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1. Objectives 
The aim of this guide is to create a STEM Guidebook for teachers in order to satisfy 

ǘŜŀŎƘŜǊǎΩ ƴŜŜŘǎΦ 

¢ƘŜ ƴŜŎŜǎǎƛǘȅ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ¢ŜŀŎƘŜǊǎΩ ƎǳƛŘŜ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƴŜŜŘ ƻŦ ǘƘŜƳ ǘƻ ōŜ 

empowered to shape the new idea and to be able to pass the message, educate, teach 

and orient efficiently their students.  

This Guidebook can accompany STEM teachers step by step through the method of 

teaching and learning STEM education. Therefore, the target groups of the present 

guide are the STEM teachers, teachers in general, schools and finally students.  

Lǘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ŀŘǾŀƴŎŜŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘǎΩ 

enthusiasm concerning the study of STEM, improving their elementary abilities in 

Science, Technology, Engineering and Mathematics.  

In this context, the present guide is organized in the following chapters: 

¶ Chapter 1: Teaching STEM throughout problem-based and real-life case 

situations. 

¶ /ƘŀǇǘŜǊ нΥ 9ƴƘŀƴŎŜ ǎǘǳŘŜƴǘǎΩ ǎŎƛŜƴǘƛŦƛŎ ŜǎǎŜƴǘƛŀƭ ŀōƛƭƛǘƛŜǎ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ŀŎǘƛǾŜ 

participation in the learning practice. 

¶ Chapter 3: Efficient use of novel technologies to encourage the STEM 

understanding. 

¶ Chapter 4: Transnational collaboration to stimulate STEM knowledge in schools. 

These chapters will describe: 

¶ A theoretical framework of STEM education. 

¶ Integration of disciplines and integrated STEM education. 

¶ STEM education models, STEM literacy and thinking skills in STEM education. 

¶ Designing a STEM unit/lesson plan. 

¶ Innovative assessment methods in STEM education. 

This guide will allow staff to have a guideline to enrich their competences related to 

innovative teaching methodological approach. 
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2. Chapter 1. Teaching STEM through problem-based and real-life 

case scenarios 

2.1. A theoretical framework of STEM education 

Science, Technology, Engineering and Mathematics (STEM) education is the next step in 

order to solve some of the social and environmental problems of society [1]. All these 

disciplines have a great importance for the global economy.  

The competences of the future, such as: creativity, problem-solving or entrepreneurial, 

will constitute the basis of our societies. In this context, teachers and professors should 

improve their pedagogies in order to change schools and universities [2]. However, in 

many countries, teachers and professors are not guided in teaching STEM. For this 

reason, the nations should define a theoretical framework of STEM education [3]. It is 

due to the fact of easy-to-understand and easy-to-implement different practical styles. 

Therefore, different countries can use these frameworks to their contextual 

requirements [1]. 

Diverse STEM lines have been considered in several education contexts, even in the 

same country [3]. Several authors understand that this is the principal source of 

misinterpretations of STEM education among teachers and professors [4]. In this sense, 

four theoretical contexts can be explained (see Figure 1): 

1. Pathed STEM education. 

2. Integrated STEM education. 

3. Continuum STEM education. 

4. STEAM (Science, Technology, Engineering, Art and Mathematics) 

Figure 1 shows four different colours: red for the disconnection of the four disciplines, 

orange for the connection of only 2 disciplines, blue for the connection of 3 disciplines 

and green for the connection of the 4 disciplines. In this context, disciplines are: Science, 

Technology, Engineering, Mathematics and Arts (in the fourth case). 

  



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 4 
 

 

 

Figure 1. Theoretical frameworks in STEM.  

Source: own elaboration. 

Firstly, Pathed STEM education has four pathways [5]: 

- S-T-E-M: It considers individually each STEM subject. Some people represent 

this technique of teaching as S-T-E-M to bold its minimal integration. 

- SteM. It takes into account the combination of two (of the four) STEM 

disciplines. For instance: Science and Mathematics (SteM). 

- E S-T-M. It studies to mix one of the STEM disciplines into the other three. For 

instance: engineering content can be joined to science, technology and 

mathematics (E S-T-M); technology content can be combined with science, 

engineering and mathematics (T S-E-M). 

- STEM. It is the infused model of all four disciplines into each other to teach them 

as an integrated subject, which is connected to interdisciplinarity of STEM 

education. It mixes the four STEM disciples in one subject. It requires to develop 

their knowledge and abilities in order to delete the frontiers among the four 

disciplines. However, this approach achieves that students acquire holistic 

competences to solve world problems. 

Secondly, Integrated STEM education ƛǎ ōŀǎŜŘ ƻƴ ŀƴ άƛƴǘŜǊŎƻƴƴŜŎǘŜŘ Ŝƴǘƛǘȅ ƻŦ 

ŘƛǎŎƛǇƭƛƴŜǎ ǿƛǘƘ ŀ ǎǘǊƻƴƎ ŎƻƭƭŀōƻǊŀǘƛǾŜ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ƭƛŦŜέ [6]. It interrelations all types 

of knowledges, values, languages and skills for integrated them in a whole, such as in 
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the real life of the students. To achieve this purpose, teachers and professors should 

improve their knowledge in terms of STEM [6]. 

Thirdly, Continuum STEM education talks about four levels [6]: 

- Level 1: Disconnected. Individual STEM topics are taught and learnt 

independently. Therefore, subjects such as mathematics, chemistry or biology 

live parallel to others in the school curricula, being each one taught by teachers 

trained specifically to teach it. It decontextualizes learning from real life, being 

the traditional way of teaching in the twenty century. 

- Level 2: Connected. It considers linking concerning the areas but considering 

them separately. There are two options: 

o Connect 2: mathematics and science. 

o Connect 3: E S-T-M. 

- Level 3: Complimentary. It wants that teachers explore the interconnections and 

synergies between the STEM subjects. In this context, the four disciplines are 

distinctive, but they share matches.  

- Level 4: Integrated. It is the equivalent to the STEM infused model and the 

Integrated STEM education. It consists in integrative STEM classroom activities. 

The four disciplines of STEM are taken into account, but indistinctly. Thus, this 

level motivates creativity in solving real life problems.  

Finally, STEAM (Science, Technology, Engineering, Art and Mathematics) considers that 

άǿŜ ƴƻǿ ƭƛǾŜ ƛƴ ŀ ǿƻǊƭŘ ǿƘŜǊŜ ȅƻǳ Ŏŀƴƴƻǘ ǳƴŘŜǊǎǘŀƴŘ {ŎƛŜƴŎŜ ǿƛǘƘƻǳǘ ¢ŜŎƘƴƻƭƻƎȅΣ 

which couches most of its research and development in Engineering, which you cannot 

ŎǊŜŀǘŜ ǿƛǘƘƻǳǘ ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ !Ǌǘǎ ŀƴŘ aŀǘƘŜƳŀǘƛŎǎέ [7]. Therefore, this view 

considers STEM + Arts, introducing the interdisciplinary framework to solve the real-

world problems and giving a holistic approach of STEM disciplines. 

2.2. Integration of disciplines and integrated STEM education 

Therefore, considering the differences shown in Figure 2, a general approach can be 

done in order to generalize and summarized the four theoretical frameworks of STEM 

education. In this sense, Figure 2 shows the STEM Education model (STEME). 



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 6 
 

 

Figure 2. STEM Education model considering the four basic colors.  

Source: own elaboration based on [5]. 

 

Considering STEM integration, students should [8]:  

- Solve problems. 

- Invent. 

- Innovate. 

- Develop logical thinking. 

- Be self-rely. 

- Know technological literacy. 

Level 1 is called S-T-E-M because the four disciplines are separated and disconnected: 

Science, Technology, Engineering and Mathematics. In this context, integration consists 

on adding the STEM subject to the school curricula [9]. Usually, this subject is 

Technology or Engineering. This is the simplest and cheapest way of implementing STEM 
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education, because you only need to train teachers. For instance, in the case of Galicia 

(North-West region of Spain) [10]Σ ǘƘŜǊŜ ŀǊŜ ŀ ǎǇŜŎƛŀƭ ǇǊƻƎǊŀƳ ŎŀƭƭŜŘ ά{¢9a.!/Iέ 

which as a new specific subject for this purpose in which teachers from schools and 

professors from universities share learning. 

Level 2 is called SteM integration because integrate and connect only two disciplines 

(Science and Mathematics), which difficult more the application to school. The main 

ƳƻǘƛǾŀǘƛƻƴ ƛǎ ǘƘŀǘ άǎŎƛŜƴŎŜ ƭŜŀŘǎ ǘƻ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƴŀǘǳǊŜ ǘƘŀǘ ƘƻƭŘǎ ǊŜǎƻǳǊŎŜ ŦƻǊ 

ǎǳǎǘŀƛƴƛƴƎ ƭƛŦŜέ [5]. It is due to the fact that in the real world sciences (such as chemistry, 

physics or biology) and maths in engineering and technology are integrated [6]. 

However, for implementing this level it is important that teacher can teach in 

mathematics a science subject.   

Level 3 is called E/T S-T/E-M integration. It consists in integrating of both Technology 

or Engineering into one of the other three STEM disciplines. For instance: in E S-T-M is 

engineering which is integrated in Science, Technology and Mathematics; in T S-E-M is 

technology which is integrated in Science, Engineering and Mathematics.  

Level 4 is called STEM integration. It consists in interdisciplinary or multidisciplinary 

integration. Interdisciplinary is based on STEM teaching incorporates the four disciplines 

into one unified teaching and learning [5], in terms of knowledge, methods, values, 

reality and language. In this approach, teachers guide students to join school, society, 

work and enterprises considering science, technology, engineering and mathematics 

[11].  

Level 5 is called STEAM integration. This concept talks about five disciplines: Science, 

Technology, Engineering, Art and Mathematics. It also includes people with functional 

diversity. It considers that Art includes Languages and Social Sciences. It considers that 

all the real world is connected.   

 

2.3. STEM education models, STEM literacy and thinking skills in STEM 

education 

The theoretical framework of STEM education gave an overview of its different 

conceptions. In this sense, the existence of these concepts gives great discussions about 

STEM education and how teachers implement STEM in their schoolroom. These 

differences also generate a communication frontier between teachers and 

administrators, who should collaborate in order to elaborate programmatic decisions 

[12]. In this context, if each is drawing from different conceptions of STEM education, 
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ŘŜŎƛǎƛƻƴǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ŀŘƳƛƴƛǎǘǊŀǘƻǊǎ Ƴŀȅ ōŜ ŀǘ ŎƘŀƴŎŜǎ ǿƛǘƘ ǘŜŀŎƘŜǊǎΩ ǇǊŀŎǘƛŎŜǎ [12]. 

Therefore, being able to share a standard of STEM education turn out to be of great 

importance for promoting STEM between teachers. 

Consequently, it is important to define the different models in what way teachers 

conceptualize STEM education. Latest research has tried to study this topic [12]. Several 

researchers have considered elementary pre-service plans to understand how teachers 

conceptualize STEM. In this sense, Bartels et al. [13] discovered that even after pre-

service teachers organized and executed what they considered to STEM modules, they 

still were not confident in categorizing what STEM education was. They identified that 

STEM should integrate science, technology, engineering and mathematics, it should be 

focused on students doing hands-on activities and it was integrated in the real-world 

learning and problem solving. In this paper, teachers did not know how to implement 

STEM, being the majority creating science-forward units. It reveals the misperception of 

STEM that diffuses the literature, more highlighting the fact that STEM education is 

difficult to conceptualize, which involves the difficulty of its implementation. On the 

other hand, Radloff et al. [14] found that teachers conceptualized STEM education in 

ways similar to Bybe et al. [15], who is focused on the relationships between the four 

concepts (science, technology, engineering and mathematics). Nevertheless, they did 

not describe how teacher should teach STEM. 

Otherwise, Ring et al. [16] studied the STEM conceptions of science teachers, who had 

participated in a learning of three weeks. They concluded that there are eight common 

conceptual models among teacher participants in the experience.  

In this context, this report will consider the following STEM education models [16] (see 

figure): 

1. STEM as an acronym. Models presented a traditional prototype of teaching 

science and/or mathematics in separate schoolrooms. See Figure 3. 

 

Figure 3. STEM as an acronym.  

Source: own elaboration based on [16]. 
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2. Real-World Problem Solving as Context. Models exposed STEM education as 

concentrating on the relationship between school and the real-world, providing 

ōŀŎƪƎǊƻǳƴŘǎ ǘƻ ƳŀƪŜ {¢9a ǾƛŜǿǎ ǊŜƭŜǾŀƴǘ ǘƻ ǎǘǳŘŜƴǘǎΩ ƭƛǾŜǎΦ See Figure 4. 

 

Figure 4. Real-World Problem Solving as Context.  

Source: own elaboration based on [16]. 

 

3. Science as Context. Models characterised STEM education as teaching scientific 

notions while calling upon technology, engineering and mathematics as desired. 

See Figure 5. 

 

Figure 5. Science as Context.  

Source: own elaboration based on [16]. 
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4. Science, Technology, Engineering and Mathematics as Unconnected 

Disciplines. Models showed separated disciplines that involved other disciplines 

as supporting roles, but these did not incorporate across the disciplines in 

important ways. See Figure 6. 

 

 

Figure 6. Science, Technology, Engineering and Mathematics as Unconnected 

Disciplines.  

Source: own elaboration based on [16]. 

 

5. Integrated Disciplines. Models had mechanisms that represented the 

convergence of science, technology, engineering and mathematics teaching. See 

Figure 7. 

 

Figure 7. Integrated Disciplines.  

Source: own elaboration based on [16]. 



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 11 
 

 

6. Engineering Design Process as Context. Models concentrated on the iterative 

development of engineering design as the process by which schoolchildren learn 

science and mathematics models using technology. See Figure 8. 

 

 

Figure 8. Engineering Design Process as Context.  

Source: own elaboration based on [16]. 

 

7. Science and Engineering Design Process as Context. Models employed an equal 

importance on teaching scientific concepts and the engineering design process 

using technology and mathematical concepts when it is applicable. See Figure 9. 

 

Figure 9. Science and Engineering Design Process as Context.  

Source: own elaboration based on [16]. 
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8. Engineering as Context. Models characterised an emphasis on engineering 

calling upon science, technology and mathematics as required. See Figure 10. 

 

Figure 10. Engineering as Context.  

Source: own elaboration based on [16]. 

 

 

  



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 13 
 

3. /ƘŀǇǘŜǊ нΦ 9ƴƘŀƴŎŜ ǎǘǳŘŜƴǘΩǎ ǎŎƛŜƴǘƛŦƛŎ ōŀǎƛŎ ǎƪƛƭƭǎ ǘƘǊƻǳƎƘ ǘƘŜƛǊ 

active involvement in the learning process 

3.1. Designing a STEM unit/lesson plan 

3.1.1. Introduction 

A lesson plan has two main characteristics [17]: 

1. To plan the lesson. 

2. To manage the learner during the lesson. 

Considering the plan of the lesson, there are a lot of examples of lesson plans of several 

authors. For instance, Harmer [18] defined the main components of a lesson plan as 

follows: 

1. ά5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ŎƭŀǎǎΦ 

2. Recent work. 

3. Objectives. 

4. Contents. 

5. !ŘŘƛǘƛƻƴŀƭ ǇƻǎǎƛōƛƭƛǘƛŜǎΦέ 

Nevertheless, it is important to know that the teacher always should adapt the lesson 

plan provided in a book or a report. In this sense, he/she must create its own lesson plan 

in order to adapt it to its students. Therefore, this procedure of planning the lesson and 

adapt it is decisive because he/she will do a lot of decisions to carry out a great lesson 

of a particular subject.   

Regarding the managing of the learner during the lesson, it comprises the following 

aspects: 

1. Causing learners attention. 

2. Maintaining their engagement during the lesson. 

3. Organizing the students (individually or groups). 

All of them are crucial in order to improve the time of the lesson, without losing time 

during the activities involved. 

¢ƘƻƳŀǎ {Φ/Φ CŀǊǊŜƭƭ ǎŀƛŘ ǘƘŀǘ άplanning daily lessons is the end result of a complex 

planning process that includes the yearly, term, and unit plansέ [17]Φ IŜ ǎŀƛŘ ǘƘŀǘ άlesson 
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Ǉƭŀƴǎ ŀǊŜ ǎȅǎǘŜƳŀǘƛŎ ǊŜŎƻǊŘǎ ƻŦ ŀ ǘŜŀŎƘŜǊΩǎ ǘƘƻǳƎƘǘǎ ŀōƻǳǘ ǿƘŀǘ ǿƛƭƭ ōŜ ŎƻǾŜǊŜŘ ŘǳǊƛƴƎ 

a lessonέ [17]. On the other hand, other authors, such as Richards [19], said that a lesson 

plan support the teacher meditate about her/his lesson in advance, providing a map to 

follow and reducing complications during the class. 

Develop a lesson plan help teachers in several ways: 

¶ Teachers have an impression of be more confident, providing security. 

¶ Teachers learn more their subject.  

¶ It predicts problems before they occur. 

¶ It helps teacher to think about content, resources, timing, activities, etc. 

¶ It is a record of what has been taught, which can help the teacher or his/her 

substitute in future lessons. 

¶ It takes into account the diversity of the students. 

 

3.1.2. Steps of lesson plans 

The prevailing model of a lesson plan is the rational-linear view of Tyler [20], who 

defined the following steps: 

1. Detail objectives. 

2. Choice learning activities. 

3. Organize learning activities. 

4. Identify evaluation. 

On the other side, Yinger [21] defined the following phases: 

1. Problem conception. 

2. Formulate the problem and its solution. 

3. Implement the plan and its evaluation. 

The present guide is focused on developing STEM lesson plans. In this context, 

considering the experience of previous authors, it is proposed the following schedule: 

1. STEP 1: Planning a STEM lesson plan. 
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2. STEP 2: Implementing a STEM lesson plan. 

3. STEP 3: Evaluating a STEM lesson plan. 

Therefore, there are a wide variety of conceptions of developing lesson plans, which 

involves that we need to define our own method in order to teach for our students.  

The design of a lesson plan that can be used for different subjects and for different 

courses is a laborious process that involves to consider a multitude of factors such as: 

the age of the students, the type of educational system (which will vary in each country 

and even in different regions of the same country), the type of subject to be taught, etc. 

In this case, in terms of the type of subject to be taught, all of them have in common 

that they are STEM subjects, but despite this common characteristic, there can be big 

differences between an engineering subject and a science subject. 

 

3.1.3. STEP 1: Planning a STEM lesson 

Firstly, the most important aspects of a lesson plan are the objectives/goals, which are 

an explanation of the learning outcome. They describe the purpose that teachers want 

their students to reach. Therefore, objectives should be clear and well-written. Their 

appropriate definition help teachers to select the suitable activities, direct the lesson on 

the right path and evaluate if their students have learned them when they finished the 

tasks carried out on the lesson. 

For explaining the objectives are preferred action verbs [17] such as:  

¶ Identify. 

¶ Describe. 

¶ Demonstrate. 

¶ Calculate. 

¶ Debate. 

¶ Contrast. 

¶ Etc.  

All of them help students to comprehend what will be expected from them in the lesson. 
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Secondly, the plan should describe the activities and procedures that will be used to 

guarantee the effective execution of the purposes. Therefore, teachers should define 

the objectives and schedule of the activities.  

In this context, the main steps of a lesson plan were defined by Shrum and Glisan [17,22] 

(seeFigure 11): 

¶ Opening.  

¶ Stimulation. 

¶ Instruction. 

¶ Closure. 

¶ Follow-up. 

 

Figure 11. Engineering as Context.  

Source: own elaboration based on [22]. 

In addition to the objectives/goals and the activities and procedures, a STEAM lesson 

plan can explain other issues such as:  

¶ the name of the lesson plan. 

¶ the subject in which is involved. 

¶ the skills promoted. 

¶ the target audience. 

¶ the typology. 

¶ the duration of the lesson. 

¶ the materials involved in it. 
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¶ the way of evaluating the students. 

¶ more information that the teacher considers in order to students achieve the 

objectives of the lesson plan.  

An example of a general lesson plan for a STEM lesson is shown in Figure 12. 

 

Figure 12. Example for a STEAM lesson template. 

Source: own elaboration. 

An example of a particular STEAM lesson of renewable energies is shown in Figure 13. 
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Figure 13. Example of a lesson plan for a STEAM lesson of renewable energies.  



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 19 
 

Source: own elaboration. 

This lesson plan was designed to be implemented in coordination with teachers of three 

different subjects: Technology, Mathematics and Geography. Its main objectives/goals 

are: 

¶ Discover specific themes and topics related to energy. 

¶ Discover specific themes and topics related to renewable energies. 

¶ Discover specific themes and topics related to marine energy resources. 

¶ Discover specific themes and topics related to wind energy. 

¶ Discover specific themes and topics related to offshore wind energy. 

¶ Recognize the location where installing an offshore wind farm. 

¶ Analyze the restrictions to the location of an offshore wind farm. 

¶ Characterize the offshore wind energy farm. 

¶ Know the power curve of the offshore wind turbine. 

¶ Characterize the power curve of the offshore wind turbine. 

¶ Calculate the Weibull probability density distribution. 

¶ Calculate the energy produced by an offshore wind farm. 

¶ Calculate the capacity factor of an offshore wind farm. 

And its main activities are the following: 

¶ Activity 1: Before the lesson, students install the Microsoft Excel in their 

computers. The professor sends to students the spreadsheet template. 

¶ Activity 2: The students select the location where they want to install the farm. 

They should enter in the official webpage of ports of their country. In the case of 

Spain: http://www.puertos.es/es-es/oceanografia/Paginas/portus.aspx. They 

look for the wind resource parameters (scale parameter, shape parameter, 

anemometer height) and the depth of the location selected.  

¶ Activity 3: The students must select if the location selected is valid considering 

the restrictions (environmental protected areas, navigation areas, etc.) (see the 

map). 

http://www.puertos.es/es-es/oceanografia/Paginas/portus.aspx
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¶ Activity 4: The students characterize the offshore wind farm (size and type of 

offshore wind platform: fixed or floating). They should research the present size 

of the offshore wind farms in Europe and the main types of offshore wind 

platforms installed in documents provided by WindEurope 

(https://windeurope.org/), European Wind Energy Association (EWEA) 

(https://www.ewea.org/) and National Renewable Energy Laboratory of USA 

(NREL) (https://www.nrel.gov/). 

¶ Activity 5: The students will identify the offshore wind turbine according to the 

platform selected and they should introduce in the spreadsheet its main 

parameters: power of the turbine (MW), rotor diameter (m), rotor height (m), 

cut-in speed (m/s), nominal speed (m/s), cut-out speed (m/s). 

¶ Activity 6: The students will introduce the power curve of the wind turbine 

selected in the spreadsheet and they will learn how to represent it in an Excel 

graph. 

¶ Activity 7: The students will calculate the Weibull probability density distribution 

in the spreadsheet. They will fill the spreadsheet using the scale parameter and 

the shape parameter of the offshore wind resource obtained previously. They 

ǿƛƭƭ ǳǎŜ ǘƘŜ ǎǇǊŜŀŘǎƘŜŜǘ ŦǳƴŎǘƛƻƴ Ґ5L{¢wΦ²9L.¦[[όΧύΦ 

¶ Activity 8: The students will calculate the energy produced by one wind turbine, 

by the farm and its capacity factor. 

¶ Activity 9: Students will elaborate a report of the entire project and they will do 

an oral presentation. A specialized jury will evaluate their work. 

Obviously, teachers can have adaptations of this general model. However, it is important 

that the lesson plan always have the objectives and activities clearly defined in order to 

help teachers and students to follow the lesson. 

 

3.1.4. STEP 2: Implementing a STEM lesson 

During the implementation of the STEM lesson plan, it can suffer different modifications 

due to the fact of unexpected events (a student that makes a lot of questions during the 

activities, different speeds of learning of students, diversity of the group, etc.). In this 

context, teachers will do amendments to their lesson planning during the 

implementation step. Some authors [17] suggest motivations for teachers to vary from 

the lesson plan scheduled: 

https://windeurope.org/
https://www.ewea.org/
https://www.nrel.gov/


 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 21 
 

- άWhen the lesson is going badly and the plan is not helping to produce the desired 

outcomeέΦ 

- άWhen something happens during an early part of the lesson that necessitates 

improvisationέΦ 

On the other hand, the implementation of a STEM lesson plan should manage two issues 

[17]: 

1. Lesson diversity. It generates attention and interest in students. Teachers can 

change: 

-  The type of interaction in the class: from individual to group, for instance. 

- The type of difficulty: from difficult to easy activities. 

2. Lesson cadency. It is related to the speed of the evolution of the lesson. In this 

context, teachers: 

- Cannot go from long to short, mixing the short and long activities. 

- Should do the transitions among activities directly. 

 

3.1.5. STEP 3: Evaluating a STEM lesson 

Finally, the last step in developing a STEM lesson plan is the STEP 3, linked to its 

evaluation. It helps teacher to assess if the lesson was effective or unsuccessful. 

Therefore, teachers should look for their mistakes during the implementation of their 

lesson and how to solve them in future implementations of the same STEM lesson. In 

this sense, the most important issue to be evaluated is if the student has learned the 

skills and content that were the objective of the lesson. 

Some authors, such as Ur [23], explained the criteria for evaluating lesson efficacy as 

follows:  

- άThe class seemed to be learning the material well. 

- The learners were engaging with the lesson. 

- The learners enjoyed the lesson and were motivated. 

- The learners were active all the time. 

- The lesson went according to plan. 
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- The language was used communicatively throughoutέΦ 

Therefore, teachers can ask themselves and students the efficacy of their STEM lesson 

[17]: 

- What do you consider the students learned? 

- Did you complete your lesson on time? 

- What activity of the lesson was easier? 

- What activity of the lesson was more difficult? 

- Χ 
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4. Chapter 3. Effective use of new technologies to promote the 

STEM knowledge 

4.1. Innovative assessment methods in STEM education 

There is a general consensus to recognize the importance of educational processes for 

the development of individuals and societies. An important factor for the educational 

quality is how the teaching exercise occurs in the classroom, since a good part of the 

result derives from how the teaching is carried out  [24]. Far from being a simplistic 

activity that anyone can carry out, teaching is a complex and multidimensional act, as it 

is a task in which someone purposefully and deliberately tries to learn from another  

[25]. 

Within education in general we focus our study on STEM subjects. Engineering, science, 

technology and mathematics are as old as life [26]. From the moment in which society 

began to count, to transform and to create, it was possible to speak of their 

development, in order to achieve the ends that were considered convenient at each 

moment and for each civilization. This has not changed over the years, but at this 

moment in which the digitalization of daily activities (both domestic and industrial and 

social) these disciplines become even more important and will be the ones that mark 

the future of society [27]. For many years, both education from an early age to the 

university stage has taught its students the necessary contents for their development, 

but the way of teaching (teaching methodologies) and the way of evaluating it has varied 

a lot [28].  

Initially and for many years, education was based on the role of teachers who gave their 

lectures and evaluated the knowledge of the students through exams to an education 

based on the role of the students [29] trying to get the students to commit to their 

learning process. But this process has been long and has undergone many changes. 

Numerous approaches have been created for which a wide spectrum of teaching 

methodologies have been developed. Part of the reason why different teaching 

technologies appear, especially those that are appearing today, is due to the arrival of 

new technologies and their numerous possibilities in the student world. They have 

modified both the ways of learning and the ways of teaching and teachers have been 

forced to continuously modify their ways of teaching, their teaching materials, the 

methodologies used, etc. 

Below (see Figure 14) is a list of the main teaching methodologies prior to or throughout 

history. Figure 14 shows those methodologies in which the leading role was focused on 
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the teaching staff that were in force for many years and Figure 15 shows the most 

current methodologies more focused on the student body. 

 

 

Figure 14. Teacher-focused methodologies. 

Source: own elaboration 

 

 

Teacher-
Centered 

Methodologies

Master 
class

Supervised 
jobs

Final exam

Laboratory 
practices

Visits to 
facilities
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Teacher-Centered Methodologies

ωInitial activities

ωAnalysis of documentary sources

ωvirtual discussion

ωguided discussion

ωScheme

ωStudy of cases

ωScientific and/or informative events

ωvirtual forum

ωGlossary

ωResearch (research project)

ωreadings

ωConceptual map

ωRound table

ωWorkshop

ωstudent portfolio

ωphysical activity practice

ωPractices through ICT

ωclinical practices

ωLaboratory practices

ωOral presentation

ωassociation test

ωtest complete

ωdiscrimination test

ωtrial test

ωsort test

ωshort answer test

ωmultiple choice test

ωobjective test

ωmixed test

ωOral test

ωBibliographic review

ωSummary

ωField trips

ωMaster session

ωProject Based Learning (ABP)

ωFlipped classroom

ωGymkhana

ω...
ω ...
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Figure 15. Student-focused methodologies.  

Source: own elaboration 

 

As can be seen in Figure 14 and Figure 15, the range of teaching methodologies has 

changed to a great extent, going from 5 teaching methodologies, of which the most used 

were (1) and (3), that is, the master class and the final exam to a range of teaching 

methodologies of more than 39 most current methodologies more focused on the 

student body. 

Below is an explanation of each of the most used teaching methodologies.  

 

The initial activities are carried out before starting any teaching-learning process in 

order to know the skills, interests and/or motivations that the students have to achieve 

the objectives they want to achieve, linked to a training program. With it, it is intended 

to obtain relevant information that allows articulating teaching to promote effective and 

significant learning, based on the prior knowledge of the students. [30,31]. 

Analysis of documentary sources. The methodological technique (see Figure 16. 

Analysis of documentary sources) that involves the use of audiovisual and/or 

bibliographic documents (fragments of documentary reports or films, current news, 

graphic panels, photographs, biographies, articles, legislative texts, etc.) relevant to the 

subject matter with specifically designed activities for your analysis. It can be used as a 

general introduction to a topic, as a case study application tool, for the explanation of 

processes that cannot be directly observed, for the presentation of complex situations 

or as a synthesis of theoretical or practical content [30,31]. 
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Figure 16. Analysis of documentary sources [32]. 

 

Collaborative learning (see Figure 17) set of teaching-learning procedures guided in 

person and/or supported by information and communication technologies, which are 

based on the organization of the class in small groups in which the students work 

together to solve assigned tasks. by teachers to optimize their own learning and that of 

the other members of the group [33]. 

 

Figure 17. Collaborative learning [34]. 

 

Virtual discussion (see Figure 18) is a group dynamics technique that revolves around a 

discussion where people talk about a specific topic following a planned scheme. A 

moderator intervenes, who leads the debate. It is developed through synchronous 

(chat) or asynchronous (forum) communication tools. [35]. 
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Figure 18. Virtual discussion [36]. 

 

Guided discussion (see Figure 19) is a group dynamics technique in which the members 

of a group discuss a topic freely, informally and spontaneously, even though they may 

be coordinated by a moderator [37]. 

 

 

Figure 19. Guided discussion [38]. 
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A scheme (see Figure 20) is the graphic and simplified representation of the information 

that involves certain learning contents. [39]. 

 

 

Figure 20. Scheme [40]. 

Study of cases (see Figure 21) is a methodology where the subject faces the explanation 

of a particular situation that raises a problem that has to be comprehended, regarded 

and resoluted by a group of people, using a debate process. Students are faced with a 

specific problem (case), which defines a real professional life situation, and they must 

be able to examine a series of realities, referring to a precise field of knowledge or 

action, in order to arrive at a reasoned decision through a discussion process in small 

working groups [41,42]. 
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Figure 21. Study of cases [43]. 

Scientific and/or informative events (See Figure 22) are activities carried out by 

students that involve attendance and/or participation in scientific and/or informative 

events (congresses, conferences, symposiums, courses, seminars, conferences, 

exhibitions, etc.) with the aim of deepening the knowledge of study topics related to the 

matter. These activities provide students with current knowledge and experiences that 

incorporate the latest developments in a specific field of study [44]. 

 

Figure 22. Scientific and/or informative events [45]. 

 



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 31 
 

Virtual forum (see Figure 23) is an informal discussion space for students to deal with a 

topic or problem, which is developed through a virtual learning environment using 

asynchronous communication tools (forum) [46]. 

 

Figure 23. Virtual Forum [47]. 

Glossary (see Figure 24) is a resource that consists of the explanation and 

contextualization of a set of terms or concepts typical of a specialized material to 

facilitate its understanding. 

 

Figure 24. Glossary [48]. 
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Research (research project) (see Figure 25) is a Teaching process oriented towards 

student learning by carrying out practical activities through which situations are 

proposed that require the student to identify a problem under study, formulate it with 

precision, develop the relevant procedures, interpret the results and establish the timely 

conclusions of the work carried out [49].  

 

Figure 25. Research (research project) [50]. 

 

Readings (see Figure 26) are a set of texts and written documentation that were 

collected and edited as a source to deepen the content worked on. 
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Figure 26. Readings [51]. 

 

Conceptual map (see Figure 27) is an individual work technique that consists of 

establishing relationships between the key concepts of some content. They are 

representations of relationships between concepts. They are made up of concepts and 

linking words forming sentences. They have an order that depends on the relationships 

and that goes to a great degree from important and general to examples and details. 

[52]. 

 

Figure 27. Conceptual map [53]. 

 

Round table (see Figure 28) is a group dynamics technique in which a group of specialists 

in a topic, who have divergent or contradictory points of view, carry out a discussion in 

front of a group coordinated by a moderator [54]. 
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Figure 28. Round table [55]. 

 

Workshop Training (see Figure 29) is a modality oriented to the application of learning 

in which various methodologies/tests can be combined (exhibitions, simulations, 

debates, problem solving, guided practices, etc.) through which students develop 

eminently practical tasks on a specific topic, with support and supervision of teachers 

[56]. 
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Figure 29. Workshop training [57]. 

Student portfolio (see Figure 30) is a folder (physical or virtual) ordered by sections, duly 

identified or labeled, which contains the records or materials resulting from the learning 

activities carried out by the students over a period of time, with the comments and 

grades assigned by the teaching staff. The portfolio or folder includes everything that 

the student does, such as: notes or class notes, research papers, guides and work and 

its development, notes comments, summaries, written tests, self-assessments, tasks 

developed, comments on the student's progress. made by teachers, etc.[58].  

 

Figure 30. Student portfolio [59]. 

 

Physical activity practice (see Figure 31) is a methodology that allows students to learn 

effectively, through physical and/or sports activities of a practical nature, such as 

demonstrations, exercises, etc., the execution of the psychomotor and/or sociomotor 

fundamentals of the different sports skills [60].  



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 36 
 

 

Figure 31. Physical activity practice [61]. 

Practices through ICT (see Figure 32)  is a method that lets students to learn successfully, 

using applied activities (demonstrations, simulations, etc.) the theory of a field of 

knowledge, through the use of information and communication technologies. ICTs are 

an excellent support and channel for the treatment of information and practical 

application of knowledge, facilitating learning and the development of skills by students. 

[62]. 

 

Figure 32. Practices through ICT [63]. 
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Clinical practices (see Figure 33) can be understood as an instructional process that 

takes place in a natural environment related to the practice of a profession, in which 

students observe and participate in clinical activities designed to provide them with 

opportunities involving the application of related facts, theories and principles. with 

your practice [64]. 

 

Figure 33. Clinical practices [65]. 

Laboratory practices (see Figure 34)  is a technique that permits students to learn 

effectively through practical activities, such as demonstrations, exercises, experiments 

and investigations [66]. 
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Figure 34. Laboratory practices [67]. 

Oral presentation (see Figure 35) is an intervention inherent to the teaching-learning 

processes based on verbal exposition through which students and teachers interact in 

an orderly manner, proposing questions, making clarifications and exposing topics, 

works, concepts, facts or principles in a dynamic way [68]. 

 

Figure 35. Oral presentation [69]. 

Association test (see Figure 36) is an objective test that involves of showing a series of 

features in two parallel columns in which each word, symbol or phrase of one column 

can be associated with the elements of another column. It consists of establishing 

relationships with elements of the two groups [70]. 

 

Figure 36. Association test [71]. 
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Test complete (see Figure 37). The objective test aimed at provoking the memory of a 

presented learning. A statement is presented that has to be completed at one or more 

points with a specific phrase, word, figure or symbol [72]. 

 

Figure 37. Test complete [73]. 

Discrimination test (see Figure 38) consists of opting for one of the two options or 

alternatives that are presented to a given question. The alternative response variants 

ǘƘŀǘ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴǎ ŦƻǊƳǳƭŀǘŜŘ Ŏŀƴ ōŜ άȅŜǎκƴƻέ ƻǊ άǘǊǳŜκŦŀƭǎŜέΦ 

 



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 40 
 

 

 

Figure 38. Discrimination test [73]. 

Trial test (see Figure 39) seeks to answer questions of a certain breadth in writing, 

assessing whether the expected response is provided, combined with the ability to 

reason (argue, relate, etc.), creativity, and a critical spirit. It is used for a diagnostic, 

formative and summative evaluation. It makes it possible to measure skills that cannot 

be assessed with objective tests, such as the student's ability to criticize, synthesize, 

compare, write, and originality; Therefore, it implies a comprehensive study of the 

contents and their relations. 
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Figure 39. Trial test [74]. 

Sort test (see Figure 40). The objective test where a series of elements or data are 

presented that have to be ordered according to a given criterion in the statement 

(chronological, logical, geographical, quantitative, qualitative, etc.) 

 

Figure 40. Sort test [75]. 
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Short answer test (see Figure 41). The objective test aimed at provoking the memory of 

a presented learning. A statement is presented in the form of a question to be answered 

with a specific phrase, word, number or symbol [76] 

 

Figure 41. Short answer test [77]. 

Multiple choice test (see Figure 42) consists of formulating a question in the form of a 

direct question or incomplete statement, and several options or alternative answers 

that provide possible solutions, of which only one of them is valid [78]. 

 

Figure 42. Multiple choice test [79]. 
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Objective test (see Figure 43)  used for the evaluation of learning, whose distinctive 

feature is the possibility of determining if the responses given are right or not. It 

constitutes a measurement tool, meticulously elaborated, that allows to evaluate 

knowledge, abilities, skills, performance, aptitudes, attitudes, intelligence, etc. It is 

applicable to both analytical, formative and summative assessment. The objective test 

can combine different types of questions: multiple-choice, ordering, short-answer, 

discrimination, completion, and/or association questions [80]. 

 

Figure 43. Objective test [81]. 

 

Mixed test (see Figure 44) integrates essay test type questions and objective test type 

questions. Regarding the first, it includes open development questions; the latter can 

combine multiple-choice, ordering, short-answer, discrimination, completion, and/or 

association questions. 
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Figure 44. Mixed test [82]. 

 

Oral test (see Figure 45)  is a that seeks to answer, orally, short questions or questions 

of a certain length, assessing the ability to reason (argue, relate, etc.), creativity and 

critical spirit. It makes it possible to measure skills that cannot be evaluated with 

objective tests, such as the student's ability to criticize, synthesize, compare, elaborate, 

and originality; Therefore, it implies a comprehensive study of the contents and their 

relationships [83]. 

 

Figure 45. Oral test [84]. 
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The bibliographic review (see Figure 46) supposes a process of critical reading of a book, 

an article, a thesis or a communication to a congress. As such process includes the 

reading of the work, the analysis of its content and its criticism and assessment in 

relation to the existing literature on a subject. A review does not imply a summary of 

the work, nor a mere analysis of the content, since what gives it meaning and a scientific 

academic dimension is the criticism that it deserves, in the opinion of the author of the 

review, in relation to other known works in the same field or in relation to his own 

experience. 

 

Figure 46. Bibliographic review [85]. 

Summary (see Figure 47) consists of a synthesis of the main contents worked on. It is an 

optimal resource to facilitate the understanding of the text and personal concentration 

on the material under study. It is also an important aid for review and exam preparation. 
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Figure 47. Summary [86]. 

Field trips (see Figure 48) are activities carried out in a context outside the university 

academic environment (companies, institutions, organizations, monuments, etc.) 

related to the field of study of the subject. These activities focus on the development of 

capacities related to direct and systematic observation, the collection of information, 

the development of products (sketches, designs, etc.) [87]. 
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Figure 48. Field trips [88]. 

Seminar (see Figure 49) is a group work technique whose purpose is the intensive study 

of a topic. It is characterized by the discussion, participation, preparation of documents 

and the conclusions that all the components of the seminar have to reach. 

 

Figure 49. Seminar [89]. 

 

Master session (see Figure 50) is an oral exposition accompanied by the use of audio-

visual media and the introduction of some questions addressed to students, in order to 

transmit knowledge and facilitate learning. The master class is also known as 

"conference", "expository method" or "master lesson". This last modality is usually 

reserved for a special type of lesson given by a teacher on special occasions, with a 

content that supposes an original elaboration based on the almost exclusive use of the 

word as a means of transmitting information to the audience. 
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Figure 50. Master session [90]. 

Project Based Learning (ABP) (see Figure 51) is a learning methodology in which the 

student body acquires an effective role and academic enthusiasm is favoured. The 

method consists of carrying out a project usually in a group. The project has been earlier 

analysed by the teachers to assure that the students have all they need to solve it, and 

that in its resolution they will develop all the skills they want [91ς93]. 

 

Figure 51. Project Based Learning (ABP) [94]. 
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Flipped classroom (see Figure 52) is a learning model that relocate the work of certain 

learning procedures outside the classroom using class time and the teacher's 

experience, to simplify and improve other processes of knowledge acquisition and 

practice within the classroom, supporting all phases of the learning process. learning 

cycle [95ς97]. 

 

Figure 52. Flipped classroom [98]. 

Scape room (see Figure 53) is a methodology based on the development of mental 

abilities to solve enigmas and problems so that students put creativity and critical 

thinking into play [99,100]. 
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Figure 53. Scape room [101]. 

Gymkhana (see Figure 54) is a teaching methodology that consists of the set of tests of 

dexterity or ingenuity that are carried out -always in groups- by teams throughout a 

course [58,59]. 

 

Figure 54. Gymkhana [102]. 
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4.2. Gymkhana 

As an example of some of these activities, the following section shows a Gymkhana 

carried out during a Learning, Teaching and Training (LTT) of this ERASMUS project. 

The activity was carried out in the facilities: classrooms, laboratories and common 

services of the Ferrol Polytechnic School of Engineering, belonging to the University of 

! /ƻǊǳƷŀ ŀƴŘ ǇŀǊǘƴŜǊ ƻŦ ǘƘŜ 9ǊŀǎƳǳǎҌ ǇǊƻƧŜŎǘ Ϧ{¢9a Lǎ LƴǎǇƛǊƛƴƎ CǳǘǳǊŜ /ŀǊŜŜǊǎϦΦ 

In this LTT, eleven professors from different STEM degrees (Industrial Engineering, Naval 

and Ocean Engineering, Economics and Business, etc.) organized an event that consisted 

of giving the student an initial presentation in which the activity to be carried out was 

contextualized. In this presentation several questions were shown through different 

codes and different ways to obtain them. What was intended was to carry out the lesson 

plan shown below, in this case that of the subject of "Renewable Energies". 
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Subject: Renewable energies 

Contents: 

Getting to Know 

the energy of an 

offshore wind farm 

Goals: 

ü Discover specific themes and topics related to energy. 

ü Discover specific themes and topics related to renewable 

energies. 

Skills: 

ü Learning about the renewable 

energies. 

Subject (s): 

 

Technology 

Maths 
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ü Discover specific themes and topics related to marine 

energy resources. 

ü Discover specific themes and topics related to wind 

energy. 

ü Discover specific themes and topics related to offshore 

wind energy. 

ü Recognize the location where installing an offshore wind 

farm. 

ü Analyse the restrictions to the location of an offshore 

wind farm. 

ü Characterize the offshore wind energy farm. 

ü Know the power curve of the offshore wind turbine. 

ü Characterize the power curve of the offshore wind 

turbine. 

ü Calculate the Weibull probability density distribution. 

ü Calculate the energy produced by an offshore wind farm. 

ü Calculate the capacity factor of an offshore wind farm. 

ü Understanding the importance of 

a sustainable and alternative way 

of producing energy. 

ü Learning about the use of a 

spreadsheet. 

ü Discovering geographical 

locations of their region, their 

country, or the entire world. 

ü Understanding the way of 

calculating the energy produced. 

ü Know the importance of the units 

of the International System. 

ü Assessing responsible energy 

consumption. 

ü Learning to teamwork. 

ü Learning to use truthful 

bibliographic information. 

ü Learning to do oral presentations. 

Geography 

 

Target audience:  Typology:  Duration/Program:  
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16 ς 18 age Project work 60 min 

Materials: Computer devices with internet connection for each student group, Microsoft Excel (licenses will be given by the professor) 

Activities and procedures 

Activity 1: Before the lesson, students install the Microsoft Excel in their computers. The professor send to students the spreadsheet template. 

Activity 2: The students select the location where they want to install the farm. They should enter in the official webpage of ports of their country. 

In the case of Spain: http://www.puertos.es/es-es/oceanografia/Paginas/portus.aspx. They look for the wind 

resource parameters (scale parameter, shape parameter, anemometer height) and the depth of the location 

selected.  

Activity 3: The students must select if the location selected is valid considering the restrictions (environmental 

protected areas, navigation areas, etc.) (see the map). 

Activity 4: The students characterize the offshore wind farm (size and type of offshore wind platform: fixed or 

floating). They should research the present size of the offshore wind farms in Europe and the main types of offshore wind platforms installed in 

documents provided by WindEurope (https://windeurope.org/), European Wind Energy Association (EWEA) (https://www.ewea.org/) and National 

Renewable Energy Laboratory of USA (NREL) (https://www.nrel.gov/). 

Activity 5: The students will identify the offshore wind turbine according to the platform selected and they should introduce in the spreadsheet its 

main parameters: power of the turbine (MW), rotor diameter (m), rotor height (m), cut-in speed (m/s), nominal speed (m/s), cut-out speed (m/s). 

Activity 6: The students will introduce the power curve of the wind turbine selected in the spreadsheet and they will learn how to represent it in 

an Excel graph. 

http://www.puertos.es/es-es/oceanografia/Paginas/portus.aspx
https://windeurope.org/
https://www.ewea.org/
https://www.nrel.gov/
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Activity 7: The students will calculate the Weibull probability density distribution in the spreadsheet. They will fill the spreadsheet using the scale 

parameter and the shape parameter of the offshore wind resource obtained previously. They will use the spreadsheet ŦǳƴŎǘƛƻƴ Ґ5L{¢wΦ²9L.¦[[όΧύΦ 

Activity 8: The students will calculate the energy produced by one wind turbine, by the farm and also its capacity factor. 

Activity 9: Students will elaborate a report of the entire project and they will do an oral presentation. A specialised jury will evaluate their work. 

Evaluation: The student discovers the energy produced by an offshore wind farm. They learn new sustainable ways of producing energy, which 

can make that the countries become more independent in energy terms.  

Know +: https://windeurope.org/;  https://www.ewea.org/; https://www.nrel.gov/; https://www.idae.es/; 

https://lauracastrosantos.wordpress.com/; https://www.microsoft.com 

https://windeurope.org/
https://www.ewea.org/
https://www.nrel.gov/
https://www.idae.es/
https://lauracastrosantos.wordpress.com/
https://www.microsoft.com/
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This activity was carried out in three buildings of the University of A /ƻǊǳƷŀΥ tƻƭȅǘŜŎƘƴƛŎ 

School of Engineering of Ferrol Building of Technological Workshops and university 

cafeteria and for this, a series of tests were carried out in different laboratories in order 

to obtain the data necessary to solve the problem posed in this lesson plan. 

The problem posed consisted of knowing the value of the LCOE (levelized Cost of Energy) 

for a farm of offshore wind turbines with some input data. 

For this, the problem of the generation of electrical energy with respect to greenhouse 

gas emissions was shown and a possible solution was proposed. To reach the solution it 

was necessary to have knowledge of renewable energies, in this case offshore wind 

energy. A brief explanation was made about what offshore wind energy is, the definition 

of LCOE, and CAPEX and OPEX, showing the necessary formulas for its calculation and 

subsequent interpretation.
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Once these terms were known, they were given an Excel sheet in which the costs they had to find out in order to solve the problem were shown. 

рΦ /![/¦[!¢Lhb

,#/%

,##Ô
ρ ÒÔ

Ô.ÆÁÒÍ
Ôπ

%Ô
ρ ÒÔ

Ô.ÆÁÒÍ
Ôπ

,## #!0%8/0%8

.ŜƛƴƎΥ

¶ /мΥ/ƻƴŎŜǇǝƻƴŀƴŘŘŜŬƴƛǝƻƴŎƻǎǘΦ

¶ /нΥ5ŜǎƛƎƴŀƴŘŘŜǾŜƭƻǇƳŜƴǘŎƻǎǘΦ

¶ /оΥaŀƴǳŦŀŎǘǳǊƛƴƎŎƻǎǘΦ

¶ /пΥLƴǎǘŀƭƭŀǝƻƴŎƻǎǘΦ

¶ /рΥ9ȄǇƭƻƛǘŀǝƻƴŎƻǎǘΦ

[/h9 ό[ŜǾŜƭƛȊŜŘ/ƻǎǘhŦ9ƴŜǊƎȅύƛǎŀƳŜŀǎǳǊŜƻŦǘƘŜŀǾŜǊŀƎŜ
ƴŜǘǇǊŜǎŜƴǘŎƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǝƻƴŦƻǊŀƎŜƴŜǊŀǘƻǊƻǾŜǊ

ƛǘǎƭƛŦŜǝƳŜΦ
LǘƛǎǳǎŜŘŦƻǊƛƴǾŜǎǘƳŜƴǘǇƭŀƴƴƛƴƎŀƴŘǘƻŎƻƳǇŀǊŜŘƛũŜǊŜƴǘ
ƳŜǘƘƻŘǎƻŦŜƭŜŎǘǊƛŎƛǘȅƎŜƴŜǊŀǝƻƴƻƴŀŎƻƴǎƛǎǘŜƴǘōŀǎƛǎΦ

ὅὃὖὉὢ#ρ #ς #σ #τ

ὕὖὉὢὅυ

/ŀǇƛǘŀƭŜȄǇŜƴŘƛǘǳǊŜό/!t9·ύƛǎǘƘŜƳƻƴŜȅŀƴƻǊƎŀƴƛȊŀǝƻƴƻǊ
ŎƻǊǇƻǊŀǘŜŜƴǝǘȅǎǇŜƴŘǎǘƻōǳȅƻǊƛƳǇǊƻǾŜƛǘǎŬȄŜŘŀǎǎŜǘǎΣǎǳŎƘ
ŀǎōǳƛƭŘƛƴƎǎΣǾŜƘƛŎƭŜǎΣŜǉǳƛǇƳŜƴǘΣƻǊƭŀƴŘΦ

hǇŜǊŀǝƻƴŀƭŜȄǇŜƴŘƛǘǳǊŜόht9·ύƛǎŀƴƻƴƎƻƛƴƎŎƻǎǘŦƻǊǊǳƴƴƛƴƎ
ŀǇǊƻŘǳŎǘΣōǳǎƛƴŜǎǎΣƻǊǎȅǎǘŜƳ
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Each of these values to find out could be achieved by solving some clues (Figure 55). 

рΦ /![/¦[!¢Lhb

aL{{LbD
LbChwa!¢LhbΧΦ
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Figure 55. Obtention of clues [103]. 

The tracks were classified into 4 main groups that are: 

Group 1. Initial investment and O&M Costs 

Group 2. Number of Wind Turbines 

Group 3. Characteristics of location 

Group 4. Characteristics of the generator 

These clues are shown in Figure 56: 

Clue Name Located in Related with 

#1 Name of the generator Room 14 Wind turbines 

#2 Power per unit Laboratory of Electricity Wind turbines 

#3 Availability performance Laboratory of Electricity Wind turbines 

#4 Electrical losses performance Laboratory of Electricity Wind turbines 

#5 Number of generators Room 14 Location 
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#6 Location Laboratory of Materials Location 

#7 Energy produced by 1 wind turbine Laboratory of Materials Costs 

#8 Design and Development Laboratory of Materials Costs 

#9 Manufacturing Laboratory of Materials Costs 

#10 Installation Laboratory of Materials Costs 

#11 Operating Costs Laboratory of Materials Costs 

 

Figure 56. Proposed clues. 

This table shows each of the data that they have to obtain, the track number, the 

laboratory where they will obtain them and what they are related to (wind turbines, 

costs or locations at sea). As shown in the table, the clues are color coded depending on 

whether they are related to the wind turbine (blue), location (yellow) or cost (green). 

In order to find the locations in which they had to carry out the inquiries to describe the 

requested values, they were given a map of the facilities (Figure 57).
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Figure 57. Maps of the location where the clues will be carried out. 

рΦ /![/¦[!¢Lhb



 
 
 

 
Funded by the European Union. Views and opinions expressed are however those of the 

author(s) only and do not necessarily reflect those of the European Union or the 

European Education and Culture Executive Agency (EACEA). Neither the European Union 

nor EACEA can be held responsible for them 

Page 62 
 

And at this moment the game started (Figure 58). 

 

Figure 58. Start of the game [104]. 

άLƴ нлннΣ ŀ ŎƻƳƳŀƴŘ ƳŀŘŜ ǳǇ ƻŦ ŜƭŜǾŜƴ ƻŦ ǘƘŜ ōŜǎǘ ǘŜŀŎƘŜǊǎ ƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ŀǊƳȅ 

were sent to prison for a crime they had not committed. They soon escaped from the 

maximum security prison and hide in the city of Ferrol. Today, still wanted by the 

government, they survive as professors of fortune. If you have a problem and come 

ŀŎǊƻǎǎ ǘƘŜƳΣ ƳŀȅōŜ ȅƻǳ Ŏŀƴ ƘƛǊŜ ǘƘŜƳΥ ¢ƘŜ 9 ¢ŜŀƳέ (Figure 59) 

   

 

 

 

Figure 59. Team. 
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The clues that were provided to them are shown from Figure 60 to Figure 70. 

 

Figure 60. Clue number 1. Name of the wind turbine.  

Source: Own elaboration 
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Figure 61. Clue number 2. Wind turbine power per unit.  

Source: Own elaboration 
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Figure 62. Clue number 3. Availability performance.  

Source: Own elaboration 
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Figure 63. Clue number 4. Electrical losses performance.  

Source: Own elaboration 
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Figure 64. Clue number 5. Number of generators.  

Source: Own elaboration 
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Figure 65. Clue number 6. Location.  

Source: Own elaboration 
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Figure 66. Clue number 7. Energy produced by one wind turbine.  

Source: Own elaboration 
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Figure 67. Clue number 8. Design and development.  

Source: Own elaboration 
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Figure 68. Clue number 9. Manufacturing.  

Source: Own elaboration 
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Figure 69. Clue number 10. Installation.  

Source: Own elaboration 
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Figure 70. Clue number 11. Operation cost.  

Source: Own elaboration 

 

Teaching practices were carried out in different classrooms and laboratories, some of 

which are shown below: 
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ONE MATERIAL A SINGLE BEHAVIOUR? 

 

The goal of this activity is to demonstrate two things. On the one hand, two different 

materials (with different chemical compositions) will have different properties and 

behaviour, and on the other hand, the same material may have different properties and 

behaviour depending on the conditions in which it is found. 

 

The activity is divided into several experimental parts, and previously there will be a 

brief theoretical introduction. 

Introduction 

The properties of materials are variable, and depend on several circumstances: 

¶ The chemical composition 

¶ The history of the material 

With history of the material, we are referring to the previous processes to which it has 

been subjected. These processes can be thermal (heating-cooling cycles) and previous 

stresses and deformations. In the case of thermal cycles, the temperature reached and 

the speed of temperature change must be considered. 

Part 1: Different materials-Different behaviour 

To demonstrate that the behaviour of the materials depends on the chemical 

composition, five different materials will be tested, which will be subjected to a Charpy 

test to determine their brittleness. 

The materials evaluated will be: 

¶ Two carbon steels, whose only difference is the carbon content you present: F-

114 steel and F-111 steel 

¶ Two stainless steels with different alloying elements: AISI 304 and AISI 316 

¶ pure aluminum 

The necessary equipment to evaluate the fragility of the materials will be a Charpy 

pendulum and a notcher to prepare the samples. 
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Figure 71 and Figure 72 show the aforementioned equipment and the samples for the 

test. 

Figure 71. Charpy pendulum. 

Source: Own elaboration 
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Figure 72. Charpy test sample. 

Source: Own elaboration 

 

With this equipment the resistance to brittleness can be measured. The test consists of 

applying a force in the form of impact to get the sample to fracture. The measure 

obtained is the energy absorbed by the sample in its deformation and fracture. If the 

value is high, it means that the material absorbs a lot of energy, therefore it deforms a 

lot before breaking and it is considered a ductile material. If, on the other hand, the 

measured value is low, it means that there is no deformation prior to fracture and, 

therefore, the material is brittle. 

In addition to the measured value, an observation of the fracture surface makes it 

possible to assess whether the material is ductile or brittle. A ductile material will 

present a dull, deformed surface, while a brittle material will present a shiny, grainy, 

undeformed surface. When the behavior is intermediate, it will be possible to observe 

a surface with a typically ductile fraction and the other typically brittle (Figure 73). 

 

Figure 73. Fracture surface of samples subjected to the Charpy test. 

Source: Own elaboration 

 

Part 2: Influence of history: thermal cycles (Thermal temperature and cooling rate) 

This part of the activity has two sections. The first one will evaluate the influence of the 

treatment temperature, and in the second one the cooling speed. 

In this section we try to demonstrate that the behavior of a material can be modified if 

it is subjected to thermal cycles. These thermal cycles are called thermal treatments and 

they are differentiated from each other by the temperature reached in heating and by 

the cooling speed. 
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For this demonstration, samples of the same material will be used, a F1250 steel. 

In this case another property of the materials is measured, the hardness. For this, a 

durometer such as the one in the image of figure 4 will be used. 

 

Figure 74. Durometer. 

Source: Own elaboration 

 

Section One: Influence of thermal temperature 

The samples of F1250 Steel are heat treated in an oven (Figure 5). The heat treatment 

applied is as follows: 

¶ Quenching, which consists of heating up to урл ȏ/Σ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘƛǎ ǘŜƳǇŜǊŀǘǳǊŜ 

for 30 minutes to ensure that the temperature is homogeneous throughout the 

mass, and cooling by placing the sample in water 

¶ Tempering, which is carried out on previously tempered samples. This treatment 

Ŏƻƴǎƛǎǘǎ ƻŦ ƘŜŀǘƛƴƎ ŜŀŎƘ ǎŀƳǇƭŜ ǘƻ ŀ ŘƛŦŦŜǊŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ όŦǊƻƳ мрл ǘƻ срл ȏ/ 

ǿƛǘƘ ƛƴǘŜǊǾŀƭǎ ƻŦ млл ȏύΣ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ол ƳƛƴǳǘŜǎ ŀƴŘ ŀƛǊ 

cooling. 
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Figure 75. Furnace. 

Source: Own elaboration 

 

Once the heat treatments have been carried out, the hardness of the samples is 

measured, and it is observed that the higher the temperature of the tempering 

treatment carried out, the lower the hardness value of the material. 

Section Two: Influence of cooling rate 

In this case, the F1250 steel samples are also subjected to quenching treatment, but 

three different quenching media will be used: water, oil and air. The water-cooled 

sample will cool faster than the oil-cooled sample, and this in turn will be faster than the 

air-cooled sample. 

When we measure the hardness value of the treated samples, we see that the higher 

the cooling rate, the higher the hardness of the steel. 

It has been shown that for samples with the same chemical composition, the 

temperature of the thermal cycles and the cooling rate that is applied modify the 

properties of the starting material. 

Part 3: Influence of history: previous deformation processes 
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To demonstrate the influence of deformation processes that a material may have 

experienced on its properties, a low carbon steel and a tensile testing machine have 

been used (Figure 76) 

Figure 76. Tensile test machine and tested sample. 

Source: Own elaboration 

 

In order to determine if the fact that a material has been subjected to a certain effort 

can modify its behavior, in this part the tensile strength will be evaluated as a property 

of the material. The tensile test consists of subjecting the material to longitudinal stress 

to stretch the sample until it breaks. 

A low carbon steel, F114, will be used and a sample of that steel will be subjected to a 

tensile test. From the first test it will be observed: 

¶ Shape of the stress-strain curve 

¶ Elastic limit 

¶ Tensile strength 
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The stress-deformation diagram is the graphical representation of the force exerted 

during the test against the deformation produced in the sample. This diagram gives an 

idea of the ductility or brittleness of materials. 

The elastic limit is the stress value from which the deformations become permanent. 

Any deformation that occurs in a material has two components, the elastic component 

and the plastic component. Elastic deformations recover when the stress ceases, and 

plastic deformations are permanent. Furthermore, elastic deformations are 

proportional to stress and plastic ones are not. 

Tensile strength is the maximum stress that the sample is capable of withstanding during 

the test. 

After the first test, one of the pieces of the sample will be taken and subjected to a new 

tensile test. Subsequently, the data discussed above are compared between tests. In the 

data comparison, it is observed that the stress-strain diagram has changed notably, 

observing a less ductile behavior of the material (it deforms less). In addition, it is seen 

that the elastic limit and tensile strength increase with respect to those obtained for the 

undeformed material.
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ELECTRICAL CURIOSITIES 

This activity will try to discover the electrical energy losses that occur from the point 

where they are generated, the electrical energy generation plants, until the moment 

they are consumed. In addition, it will be verified experimentally how electrical energy 

is converted into movement. 

The focus will be on three points: 

¶ Losses from transportation from the generation plant to the final consumer 

¶ Losses due to the operation of electrical equipment or appliances 

¶ The transformation of electrical energy into motion 

 

1: Transport. Minimizing energy losses in transportation from the point of generation 

to the point of consumption 

The devices that we use in domestic uses use low-voltage electrical energy, while in the 

streets we can see that electricity is distributed in high-voltage lines. This forces the 

incorporation of intermediate equipment (substation), which convert high voltage into 

low voltage ready for use. 

In this section you will discover why the transport of electrical energy is done from the 

generation plant to the consumers using high voltage lines. 
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Figure 77. Diagram of the transmission and distribution system of electrical energy 

[105]. 

 

Theoretical explanation 

When an electrical current flows through a conductor, a loss of energy is inevitable. This 

loss of energy is due to the resistance that the material constituting the conductor 

opposes to the passage of the current. 

As a consequence of these losses, the energy at the beginning is greater than the one 

that arrives at the end. This means that for a device to function properly it is necessary 

to generate more energy than it requires. This means that at a global level the loss of 
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resources acquires a significant value, so it is necessary to minimize these losses as much 

as possible. 

As has been said, the losses depend on the resistance of the conductor, and can be 

expressed by the following equation: 

ὖ Ὑ Ὅz 

Where 

- PL is the lost power 

- R conductor electrical resistance 

- I current intensity (A) 

Observing the previous equation, it can be deduced that the power losses not only 

depend on the resistance of the conductor, but are also a function of the current 

intensity I. We also know that the relationship between power and current intensity is: 

P = V*I 

To reduce the losses that occur in the transport of electrical energy we need, as we have 

seen, that the current intensity is low. Therefore, to maintain the necessary power, it 

will be necessary to increase the voltage. 

Experimental demonstration 

For the experimental work of this section, two lamps of 60 W are used, one that works 

with a voltage of 24 V, and another that works with 230 V, and two wattmeters. 

Each lamp is powered by a power source with which the current intensity can be varied 

and is connected to a wattmeter capable of measuring the voltage, current intensity and 

power consumed. 

Once the assembly is done, the current intensity is varied until the power consumed by 

the two bulbs is similar. It will be found that when the voltage is higher, the current 

required to produce the same power as in the other case is much lower. Therefore, since 

to avoid losses it is necessary to work with low currents, it will be necessary to increase 

the voltage during transport. 
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