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Abstract 
One of the main functions of the school is to train competent students, endowed with the knowledge 
and necessary skills to manage with the world around them. The 21st century is a historical moment 
marked by the mastery of science and technology, so STEM education (science, technology, 
engineering and mathematics) is presented as a solution to the needs of the present that will allow the 
training of new scientists, technologists, engineers and mathematicians who will be responsible for 
solving the immense challenges of the future in areas such as energy, health, environmental 
protection and national security. In short, we will be ensuring that our society continues to make 
fundamental discoveries and advance the understanding of ourselves, our planet and the universe. 

From Primary Education, we can introduce children to challenges that invite them to question how the 
world works, and to help them design better ways of understanding and living in it. Thus, we will 
develop their ability to create, design, innovate and think critically to solve the different challenges that 
will find in the future. 

Currently, the framework of action of the STEM disciplines in Spain is usually developed in Secondary 
Education. However, we must consider the need to introduce these disciplines from a younger age, 
taking advantage of the interest and curiosity of young children, because from primary school we must 
work on their motivation, associated with long-lasting effects. 

If we analyse the behaviour of students, we realize that they have a sophisticated informal knowledge 
of mathematics, and they often ask scientific questions, such as the why of things. It is about using 
this natural interest to introduce children to the STEM world from an early age and to awaken positive 
attitudes in them. 

In fact, numerous investigations have recently shown that most students develop their interest and 
attitudes towards school science before they are 14 years old. Therefore, great efforts must be 
invested to ensure the quality of STEM education before this age and that the opportunities to 
participate in these disciplines, both inside and outside the classroom, are diverse and stimulating. 

Consequently, the attitudes of the students are essential since, in recent times, fewer young people 
seem to be interested in scientific and technical issues. In addition, gender disparity is especially 
alarming. There is a clear supremacy of men with respect to women in the STEM areas, differences 
that start from very early ages [1]. 

We consider it essential to incorporate STEM education in primary education classrooms as a form of 
inclusion and equal opportunities for all students, which allows the improvement of attitudes towards 
these areas. For this reason, this work includes a real didactic proposal, aimed at giving a greater 
importance of STEM areas of the curriculum. But not only each area treated alone, the greatest power 
of this approach is the interdisciplinary treatment in which it is seen how all knowledge is related 
(mathematics, science, technology) and how this union allows a deeper knowledge and a more 
powerful development of skills to solve problems. 

Keywords: Interdisciplinarity, Primary Education, STEM, Design of activities. 

1 INTRODUCTION 
One of the main functions of the school is to train competent students, endowed with the knowledge 
and skills necessary to live and relate to the world around them. The 21st century is a historical 
moment marked by the mastery of science and technology. In this sense, STEM education (science, 
technology, engineering and mathematics) is presented as a solution to the needs of the present that 
will allow the training of new scientists, technologists, engineers and mathematicians who will be 
responsible for solving the immense challenges of the future. 
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Science is in our minds and, regardless of age, all of us carry our mind wherever we go [2]. Therefore, 
from Primary Education you can introduce children to trips that invite them to question how the world 
around them works and help them design better ways of relating and living in it. Thus, they will 
develop their ability to create, design, innovate and think critically. 

The framework of action of the STEM disciplines in Spain is usually located from Compulsory 
Secondary Education. However, we must consider the need to introduce these disciplines from 
younger ages, taking advantage of the interest and curiosity of young children, since primary school 
corresponds to the construction time of intrinsic motivation, associated with long-lasting effects [3]. 

Numerous investigations have recently shown that most students develop their interest and attitudes 
toward science before they are 14 years old. Therefore, great efforts must be invested to ensure that 
the quality of STEM education before this age, is the highest possible, and that the opportunities to 
participate in these disciplines, both inside and outside the classroom, are diverse and stimulating [4]. 

2 A KEY CONCEPT: STEAM 
There are different ways to understand and apply STEM in Primary Education. The first one is the one 
that holds that the four disciplines (science, technology, engineering and mathematics) must be taught 
individually, with little or no integration between them. The second, is putting more emphasis on one or 
two of these disciplines. A third way is to integrate one of the STEM disciplines into the other three 
taught, for example, to include engineering content in science, technology and mathematics subjects. 
Finally, the most complete form would be to melt the four disciplines and teach them as an integrated 
subject or "iSTEM" [5]. 

Some authors [6] are already agreed with this last way of understanding STEM, through an integrated 
approach to teaching and learning, where the specific content of each discipline is not separated from 
the rest, but rather addresses and treats them as a dynamic and fluid study. STEM is transdisciplinary 
[7], since it offers a multifaceted, complex set, in which the subjects are integrated into a new "whole". 
It consists of offering students the opportunity to understand the world instead of learning fragments 
and isolated phenomena. 

There are four fundamental goals of STEM literacy [8]: 

• Acquire scientific, technological, engineering and mathematical knowledge that allows students 
to identify problems, acquire new knowledge and apply them to topics related to STEM. 

• Understand the main features of the STEM disciplines as a form of human effort that 
encompasses the processes of research, design and analysis. 

• Recognize how STEM disciplines build our world, material, intellectual and culturally. 
• Participate in topics related to STEM and with the ideas of their disciplines to educate 

concerned, affective and constructive citizens. 

To these objectives, it is necessary to add the ones in the primary stage, that can be achieve through 
STEM learning experiences [9]: 

• To train active and committed students in a society that is scientifically and technologically rich, 
complex and dynamic. 

• Develop the ability to identify and apply STEM concepts to prepare them for postsecondary 
education paths, and improve in number and diversity, students who are motivated and 
encouraged to pursue STEM professions. 

STEM education gives a real sense to each of these disciplines, so this holistic treatment allows 
motivating students through the creation of significant learning environments with direct connection to 
real life. 

Some of recommendations for the learning process that agree with the STEM definitions are [10]: 

• Create complex, realistic and relevant learning environments. 

• Include the social dimension of learning. 
• Provide different ways of representation. 
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• Students are not mere passive receivers of information, but we must actively involve them to 
determine what their learning needs are and what is the best way to meet those needs. 

• Develop the reflexivity and metacognition of the student in the process of knowledge 
construction. 

3 METHODOLOGY 
STEM education implies a change in traditional methodologies. If you want to awaken students' 
interest in these areas and develop their ability to think, reason and create, you cannot continue with a 
passive teaching where students are simple receivers. On the contrary, we must enhance their 
participation and turn them into the real protagonists of their learning. To do this, the following didactic 
proposal suggests a compendium of methodologies, and extracting the best from each one, it is 
obtained the most suitable implementation. For that, the basic pillars are the following: 

ª Project based learning.  

This methodology is based on the constructivist theory that starts from a question or a real-life 
problem, to start an investigation that will give rise to a final product that answers the question [11]. 
Each activity will be presented as a challenge or mission in which there is a problem to be solved or in 
which they will be asked to carry out a project. The teacher acts as a guide and seeks to involve 
students in real life problems to develop their critical and creative spirit. In addition, the problems or 
projects, have more than one solution, which allows students not only learn with their work, but also 
nurture the ideas of their peers. Therefore, with this methodology not only the result is evaluated, but 
the process is also very important. 

ª Inquiring based learning 

It is one of the most effective STEM methodologies for introducing STEM concepts at early ages and, 
in addition, allows students to work with real-life problems [12]. It is a type of constructivist teaching 
that fosters the construction and communication of knowledge in an active way through the 
transformation of the new information learned, and its connection with previous knowledge.  

Likewise, inquiring based learning takes advantage of students' curiosity and delves into the 
observations generated in problem solving and experimentation. It encourages, therefore, critical 
thinking and reflection, which helps students to make sense of their discoveries. On the other hand, it 
stands out because it adapts perfectly to the youngest audience in primary schools and provides 
opportunities for children to develop a wide variety of complementary skills, such as working in groups, 
verbal and written expression, experience the resolution of problems in an open manner and other 
interdisciplinary skills [3]. 

Regarding its mode of implementation, there are different variants according to [13]: 

• Open or complete research: beginning with a question posed by students, followed by the 
design and implementation of an investigation and finalized with the communication of the 
results. 

• Guided research: teacher helps the students to carry out the research and usually chooses the 
question. 

• Combined research: it is a composition of the previous two. It begins with an invitation to 
investigate based on the question chosen by the teacher and that pursues a specific objective. 
After the guided research, students pose their own questions related to the objective of the first 
investigation. This allows students to connect their own experiences with abstract concepts. 

In our didactic proposal a guided research will be carried out. The teacher will present the students the 
problem or question, after that they will investigate and solve it. As students feel more confident and 
acquire strategies and learnings, they will be able to carry out free investigations. That is, students are 
the ones who raise their own question (within the content they want to work on) and are able to design 
and carry out an investigation that ends with the communication of the results to the rest of the class. 

ª Team work. 

One of the STEM objectives is to train students for the needs of the future, and obviously we live in a 
society in which we must relate to others and where heterogeneity is a fact [14]. 
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Thus, encouraging cooperation in our students is a task that we must face using this type of 
methodologies that imply that all the members of the group work together to achieve common 
objectives that benefit the group, making sure that all the members complete their corresponding 
learning task. To do this, we must specify the goals to achieve, form the groups according to those 
goals and the characteristics of the students, and guide and evaluate their learning process [15]. 

Regarding the formation of the teams, there is no fixed number of members, but it is recommended 
from two to four. Within each group there will be students with different performances and interests. 
Therefore, the teacher must previously classify them into three groups (students with high, medium 
and low performance) so that all teams have a similar level [16]. Then, in the case of groups of four, 
they will include a student with high performance, two of medium and one of low, avoiding that not all 
members are of the same sex, that the ethnic composition of the class is not reflected, or that be 
enemies or close friends with each other [15]. 

Finally, it is necessary to assign a role to each student so that all have a responsibility and a function 
in the group (for example, secretary, coordinator, mediator, spokesperson, material manager, etc.). In 
addition, the disposition of the classroom is important: each team must sit together and keep a 
distance with the rest of the groups so that they do not interfere with each other, as well as having 
direct visual contact between their members and with the teacher, without having to adopt an awkward 
posture [15]. 

According to this, in our proposal, students will work in cooperative groups, which will stimulate the 
construction of shared learning. In this sense, it is very important the way of formation of the groups, in 
each of which students of different characteristics and capacities must meet. For this, students will be 
previously divided into three blocks according to their abilities and characteristics. In block A (¼ of the 
group) students with high academic performance, leadership ability, motivation, creativity, etc. will be 
included. In block B (¼ of the group), students with low performance and less motivation; and in block 
C (½ of the group), the rest of the students who would be within the class average. 

After carrying out this process, the next step will be to form groups of four students (or three, 
depending on the number and characteristics of the class). Each group will be integrated by a student 
from block A, one from B and two from C, so that they complement each other and together they will 
have the necessary skills to face the job. Likewise, each student will have a series of responsibilities 
depending on their role: coordinator, secretary, spokesperson and controller. 

ª Gamification. 

To introduce a playful component in the proposal, the activities will be presented in the form of 
missions that need to be completed to pass the level. In addition, as it has been exposed, a character 
will be incorporated who will be responsible for giving meaning to each activity. Thus, levels are 
related to science fiction, so students will see the activities as a game that pursues a specific goal. 
That is, playing to learn. 

4 DIDACTICAL PROPOSAL 
The didactic proposal developed, is aimed at the 4th year of Primary Education. It consists of a set of 
ten tasks that will be distributed over the academic year. Likewise, the timing of each activity will be 
last between 5-6 sessions (sessions of one hour). The main objective of this proposal is to combine, in 
the same activity, contents of the four STEM disciplines. 

On the other hand, since activities involving four different disciplines considered in an integrated 
manner, it is necessary a common axis that serves as a link and gives meaning to the whole. For this, 
the common thread that will guide all the activities will be different discoveries and important 
inventions related to the four disciplines. 

Likewise, they will work in cooperative groups and gamification strategies will be incorporated as a 
motivating element. To do this, a fictitious character (Serendipity, see figure 1) has been created with 
the Bitmoji app, that will be responsible for presenting each activity in the form of a challenge or 
mission through self-made videos. In addition, there is an initial video, in which the avatar is presented 
and explains that it comes from another planet called Discovery (with this name already begins to 
introduce the thread). Its inhabitants are very fond of discoveries and inventions, so the alien 
Serendipity has been sent to Earth to investigate. 
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Figure 1. Character created to explain the tasks 

From here, as shown in figure 2, they will be presented with a series of levels and in each of them, 
they must complete a challenge and present the results to their classmates to move on to the next 
one. Each challenge will be presented by Serendipity with a video, she will talk about an important 
inventor or discoverer related to the contents of that mission. In this way, students will be able to meet 
important people in history and realize the importance of their legacy for our lives. 

 
Figure 2. Levels of the proposal 

5 CURRICULAR ELEMENTS ACCORDING TO SPANISH EDUCATIVE LAW 
The current educative law in Spain is the Organic Law 8/2013 [17], of December 9, for the 
improvement of educational quality. As stated before, this law does not include a STEM course, as it 
happens in other countries. Instead, it proposes isolated subjects such as Mathematics, Natural 
Sciences or Social Sciences. Likewise, technology and engineering are not reflected in the Primary 
Education curriculum as independent areas. 

But, STEM education responds to the methodological guidelines included in the law, which point out 
the advantages of project work, since it allows the creation of action-oriented learning where several 
areas or subjects are integrated within a whole. 

In short, the didactic proposal includes content from the STEM areas and, as set out in the legal 
regulations, incorporates participatory and experimental activities that require reflection and 
interaction, both individually and collectively, between the theoretical and practical approaches, and 
between the hypotheses and the consequences of experimentation. 

6 PROJECT ACTIVITIES 
We are going to present in a very summarized way the proposed STEAM activities to the students, all 
of them have the same structure: first they start with a motivating video to present the invention and its 
inventor, and then a challenge that they must achieve. For this, they must research the necessary 
content of engineering, math, science and technology 

6.1 Level 0. "Serendipity" 
Level 0 consists of the presentation video of the character, Serendipity, which already indicates the 
first challenge. Since they are going to work in cooperative groups in all the activities, the first step is 
to communicate to the students with which colleagues they will form their team and design a logo with 
a tablet and a design app (for example, Assembly). We can see an image of this in the figure 3. 
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Figure 3. Students in a classroom looking at a motivation video 

6.2 Level 1. "Beware! Erupting volcano" 
It begins with a video presenting the inventor of the seismograph and the challenge is to produce a 
model with a volcano that erupts. We can see the activity in the figure 4. 

 
Figure 4. Students preparing the volcano and the eruption 

6.3 Level 2. "Black tide" 
In the initial video they are presented the Argonne National Laboratory (University of Chicago) and US 
Department of Energy inventors of the Sponge Oil, material capable of absorbing up to 90 times its 
own weight and that can be the solution to clean the affected places for oil spills. 

Students must investigate about great catastrophes due to oil leaks. They investigate the concept of 
density of the different materials and are challenged to cause an oil spill and find a way to separate 
the oil from the water. 

6.4 Level 3. "All on board" 
They are invited to investigate the evolution of the ships and the importance of the steamboat and its 
inventor. The principle of Archimedes is investigated, and they are asked to build a ship capable of 
supporting 500 g without sinking. 

6.5 Level 4. "Greenhouse effect" 
The designer and architect of the world's largest greenhouse located in Cornwall (England) is 
investigated. Students will work on photosynthesis, the advantage of production in greenhouses and 
are invited to build one with recycled materials. 

6.6 Level 5. "Cook!" 
The inventor of the microwave oven and its operation are investigated. Also, on the use of solar 
energy: solar ovens and their operation and the challenge of creating one at scale. 
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6.7 Level 6. "Captain, land in sight" 
The thread is Sarah Mather, inventor of the submarine periscope. An investigation is proposed on the 
operation of the invention, and on the physical properties of the light it uses. The challenge is to build 
a periscope with a free 3D design computer application (link: https://www.3dslash.net/index.php). 

6.8 Level 7. "Water goes!" 
Based on the history and evolution of irrigation systems and their importance for agriculture and water 
supply, they seek information on climates and drought. 

The challenge is to build a system that allows one litre of water to be transferred from one container to 
another, separated by one meter. When they get it, they will have to elaborate with Scratch a small 
project that serves to make everyone aware of the importance of water and its conservation. 

In the next figure, it is shown the task the students must resolve. 

 
Figure 5. Task of the level 7 

6.9 Level 8. "Start engines" 
Investigating about Nicolas-Joseph Cugnot, inventor of the first steam car and Karl Benz, inventor of 
the first vehicle with internal combustion engine, they will study the Newton's laws of movement. The 
challenge is to use design a car capable of moving with a balloon with the Newton’s 3rd law. 

6.10 Level 9. "Houston, we have a problem" 
Investigating about William Leitch, inventor of the space rocket, students will find information about the 
Universe, the Solar System, about the difficulty of expeditions to other planets and about the force of 
gravity. The challenge will be to build their own spaceship in which an egg will travel. They must get it 
to land without breaking, falling from a height of 10 m. 

A capture of the introductory video can be seen in figure 6. 

  
Figure 6. Captures of the video of level 9 

6.11 Level 10. "A challenge of height" 
From the inventor of the modern elevator, Elisha Otis, it is investigated on the pulleys and electronic 
circuits. They are asked to create an elevator with a pulley that includes a circuit with light bulb and 
buzzer. 
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All the videos designed for these levels can be seen in this link: 

https://www.youtube.com/channel/UCaC1cXeCqx0sthNELEawRDw  

7 CONCLUSIONS 
The whole didactic proposal revolves around the achievement of a general objective: 

“Design interdisciplinary activities that integrate the contents of science, technology, 
engineering and mathematics in a single discipline, approaching them in a holistic way 
and relating them closely with their application in real life”. 

Thus, we present a proposal formed by ten activities that integrate the four STEM disciplines (science, 
technology, engineering and mathematics), in a globalized, transversal and interdependent manner. In 
each activity contents and competences of the four areas that appear integrated under a same 
challenge are developed. In addition, the entire proposal is encompassed in the same thread, 
inventions and discoveries. As a result, this allows activities to have a direct connection with real life, 
which gives meaning to the whole. 

In this way, students can learn about the great contributions made by human beings throughout 
history and assess their importance for the progress of humanity. Bringing them to know STEM areas 
through real characters of history, helps them develop their interest in these areas, realizing that they 
themselves are able to become scientists or inventors and develop new ideas. The connection with life 
is fundamental and giving them the opportunity to find solutions to real problems is key to awakening 
their interest and getting truly meaningful learning. 

In addition, in the actual education legislation for primary education in Spain [18], it is noted that STEM 
education responds to the methodological guidelines included in the regulations, which point out the 
advantages of work by projects, since it allows the creation of action-oriented learning where they 
integrate several areas or matters within a whole. 

Also, we have carried out a small investigation to know the attitudes of the students of Primary 
Education towards the STEM areas. For this, a questionnaire of Likert scale with 5 points was applied, 
which measured the degree of agreement or disagreement of the students with a set of 25 items about 
the STEM disciplines and their implications in society. The sample of the study was a group of 41 
students of 4th year of Primary Education of a public school of Ávila, Spain. From it, several 
conclusions can be drawn. In the first place, he emphasizes that the areas to which students show 
more positive attitudes are science and mathematics. On the contrary, engineering and technology are 
less valued. This fact can be justified for different reasons, among which it could be pointed out that 
these two fields are not taught as subjects in primary education. However, it was also observed that 
students do show an interest in learning them. Therefore, another of the reasons why they are less 
valued can be found in ignorance. For example, most students do not know that technology goes 
beyond the simple use of computers, mobile phones and tablets. 

With this study it was also possible to conclude that the STEM areas are not the ones chosen by most 
of the students for their future work. Instead, professions such as sportsman, artist, police or teacher 
predominate. In addition, within the STEM fields it is observed that girls show greater interest in 
science and children for engineering or technology. All these results demonstrate the lack of interest in 
these areas and the existence of gender stereotypes, which implies the urgent need for a 
transformation in schools and this change will be possible thanks to the incorporation of STEM 
education in primary education. 

To verify if the performance of STEM activities improves the attitude of the students towards these 
disciplines, the proposed activities were carried out in the real classroom context. The students 
chosen for this were the same as those who completed the STEM attitude questionnaire; that is, 41 
students of the 4th year of Primary Education, who completed a rubric that aimed to evaluate the 
activity and, thus, check if this type of STEM activities were liked by the students, if they learned, if 
they would like to do more, etc. After the treatment and analysis of the data obtained it can be affirmed 
that the realization of these activities improves the attitudes of the students towards the STEM 
disciplines. Likewise, it can be affirmed that the students were motivated and showed interest in 
learning, as much by what could be observed during its realization, as by the results obtained in the 
evaluation. 
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In conclusion, in this historical moment marked by the mastery of science and technology, the need for 
a transformation in the education is evident. 

The role of teachers must include the ability to introduce children into educational environments that 
invite them to question how the world around them works and give them opportunities to design better 
ways of relating and living in it. Thus, its ability to create, design, innovate and think critically to solve 
the different challenges and problems encountered tomorrow will be developed. 

Therefore, this type of education has emerged relatively recently at the international level, and very 
little in Spain, future lines of action should be aimed to modify the current curriculum where, the STEM 
presence is scarce. 

The current curriculum incorporates the STEM areas from Compulsory Secondary Education, but it 
must begin to be implemented at younger ages, such as Primary Education, taking advantage of their 
curiosity and natural interest in the world around them. Therefore, more research is needed on the 
implementation of STEM education in these ages as well as more teacher training in this area. More 
research will translate into greater relevance for this discipline, obtaining more resources and support 
from public entities to achieve a more complete education adapted to current needs. 
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