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Abstract 
Experimental didactic activities are absolutely necessary to achieve an adequate meaningful learning 
of the Natural Sciences (NSc), also at the initial stages of primary school. Following this axiom, the 
last Spanish educational law pays special attention to these methodological aspects in the NSc 
curriculum. Therefore, an effective updating of the capabilities, scientific and practical/experimental 
skills of the in-service teachers is needed to give an adequate response to these demands. 

In order to respond to this need, we have launched the project “Aula Didàctica d'Experimentació en 
Ciències per a l'educació primària”, ADEC, structured as didactic experimental workshops in NSc for 
primary school teachers (PTs).  ADEC follow the principles of the “learning by doing” methodology.  

This article outlines several aspects of the ADEC project, paying particular attention to its didactic 
methodology and scientific contents. 63% of the primary education centres (CEP) that participated in 
the first edition of ADEC (2018), also participated in the second one (2019). In addition, more than 
40% of the teachers who participated in the 2018 edition have done so in 2019. All of them have 
incorporated practical/experimental activities as didactic tool in their educational science activities and 
are very satisfied with the learning outcomes obtained.  

In the satisfaction survey, participants give to ADEC didactic methodology a score of 3.9 (ranging from 
1 to 4, low, moderate, good and excellent) and, with no exception, they expressed their intention to 
transfer the experiments from the workshop to the primary school classroom. The article also briefly 
describes the structure and contents of the on-line platform that we are currently developing to allow a 
more fluid relationship between tutors and PTs participants and to serve as a public repository of 
Open Educational Resources (OER), accessible to any teacher interested on the workshops contents.  
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1 INTRODUCTION  
In accordance with the needs of an increasingly technological society, the current Spanish primary 
education curricula pay special attention to the contents of natural sciences and technology [1]. The 
compulsory contents of the Natural Sciences area (NSc) aim to provide students with the basic 
knowledge to understand the natural world surrounding them, and develop new and more complex 
scientific concepts on the further education stages. 
In line with the Council and the European Parliament [2] the Spanish primary education system is 
based on learning by competences, being the basic scientific competence (i.e. the ability to interact 
with all aspects of the physical world and to know how to interpret them) one of those stated by the 
educational law to be acquired by the students. 
Experimental work is an essential tool for the meaningful learning of scientific and technological 
concepts, even in primary school [3]. Unfortunately, in many curricula of primary school teachers 
(PTs), in a clear gap with the 2014’s educational law, scientific experimental work is poorly valued [4].  
Therefore, a good part of the pre-service teachers leave university with little knowledge on such skills. 
Taking into account this situation and with the purpose of responding to the demand for scientific 
training of in-service teachers, a group of professors from the Department of Chemistry of the 
University of the Balearic Islands (UIB) has developed the didactic project “Aula Didàctica 
d'Experimentació en Ciències per a l'educació primària” (ADEC) [5].  ADEC, launched in 2018, is held 
annually and consists of two experimental workshops dealing with the physical and chemical 
properties of matter, energy and technology. The experiments were chosen attending to their fit to the 
compulsory NSc curriculum, safety, simplicity and everydayness of the materials used and their close 
relationship between the experiment and daily life. 
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The workshops are carried out with a didactic methodology that follows the principles of learning by 
doing [6]. During the sessions, an environment of mutual trust between tutors and the participating 
PTs, where all scientific questions could be asked and answered, was achieved. This is a fundamental 
part of the project and was especially well valued in the final assessment survey (3.9/4). The project is 
complemented by an on-line platform, currently under construction, which will serve as a public 
repository of Open Educational Resources (OER). 

2 METHODOLOGY 
The didactic methodology used in the experimental workshops of this project was previously and 
extensively explained [5]. However, we highlight here the most representative and best valued 
methodologic points: 

• The execution of every single experiment has been previously planned by the team of university 
professors/tutors (UTs). For the planning we have taken into account, not only the learning 
outcome objectives, but simplicity of the material and products to be used, as well as the 
simplicity of the scientific foundations of the experiments. 

• The initial short lecture given by one of the university tutors of approximately half an hour, 
consisting of an explanation of the concepts and scientific ideas to be worked on and addressed 
to a medium size group of about 14 teachers. We introduce this short initial explicative talk 
because we strongly believe that drawing the right scientific conclusion from the 
experimentation is not evident. R. Driver termed as “the fallacy of induction” the idea that 
explanation “emerge” from practicing or observation [7].  

• The Experimental/practical work activities. In small groups of no more than 4 people, PTs work 
collaboratively carrying out the various experimental activities. Each small group works with a 
personal UT. As previously stated, the performed experiments did not require large scientific 
equipment or special safety conditions. During the working time a dynamic and fluid 
communication is established among all the participants, PTs and UTs. The atmosphere of 
mutual trust established at this stage of the workshop, clearly favours the learning process and 
the exchange of educational experiences. 

• At the end of each work session a period of exchange of opinions is established between all the 
tutors and all the participants of the whole group. In this final talk, the adequacy of the practical 
activities to achieve the learning outcome objectives, their suitability to be implemented in the 
primary classroom and many other social aspects (technological, environmental, health, etc.) 
are considered and discussed. 

• All the scientific and didactic work done in each session is collected in a Didactic Unit (DU) 
designed as a help for PTs. As usual, the didactic units include the justification and 
contextualization of the practical sessions, as well as their learning objectives, skills and 
competencies, contents, methodology and timing, bibliography and assessments [8]. 

• Finally, in this moment of development of the project, work is being done on the design and 
implementation of an on-line platform that collects all these educational works. The details of 
the development and implementation of this educational platform will be described in further 
works and publications. Here we just give a few brief touches of this point of the project.  

3 RESULTS 

3.1 Description and basic data of the educational centres and PTs 
participants 

68 in-service PTs from 31 different Primary School Centres – in Spanish, Centros de Educación 
Primaria, CEP) – of several cities in Majorca and Minorca (Balearic Islands) have participated in the 
2018 and 2019 editions of ADEC. Table 1 shows some personal and professional data of teachers 
and schools in order to contextualize the results of the project. 

Global data in table 1 are almost equal to those published just for 2018-ADEC edition [5]. So, the 
standard PT in these experimental workshops is a woman in her forties, with 15 years of teaching 
experience in a medium-sized state school. As deduced from the survey, despite the poor scientific 
equipment of their schools, most of them have done practical science work at the classroom, as far as 
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their pupils find this kind of activities very enjoyable and motivating to foster their interest for natural 
sciences. However, PTs confess to having difficulties to draw clear scientific conclusions from the 
experiments carried out. So, their goal to enrol in this workshop is threefold, increase their scientific 
knowledge, learn to correctly correlate theory and practice, and acquire teaching skills to be able to 
use experimentation as an effective tool in their teaching task. 

Table 1. Basic data of primary school teachers and their CEPs 

Pr
im

ar
y 

sc
ho

ol
 (C

EP
) Public/State 98% 

Average number of pupils 350 

Average number of pupils per classroom 21 

Availability of a natural science laboratory 8% 

CEPs only at ADEC2018 9 

CEPs only at ADEC2019 7 

CEPs at ADEC2018 and ADEC2019 15 

Te
ac

he
rs

 

Men 26% 

Women 74% 

Average age 42 years 

Average time of teaching  experience 15 years 

PTs only at ADEC2018 29 

PTs only at ADEC2019 20 

PTs at ADEC2018 and ADEC2019 19 

It is worthy to point out that 63% of the CEPs that participated in ADEC2018, also participated in the 
ADEC2019. However, only 40% of the PTs attending the 2018 edition also attended the 2019 edition. 
These data could be indicative of the interest of the educational centres in the updating of the didactic 
scientific skills of their teaching staff. Of course, this is an excellent result for our educational project. 

3.2 The experimental work, didactic units and on-line educational platform 
The specific scientific experimental activities in ADEC2019 are divided into two large blocks. Activities 
in workshop III, deal with the physical properties (states of aggregation) and chemical properties 
(chemical reactions), and activities in workshop IV deal with the light and its properties. The topics 
have been chosen taking into account the opinions, comments and suggestions of PTs in ADEC2018 
as well as their suitability to the contents of the NSc compulsory curriculum for primary school at the 
Balearic Islands [9]. Detailed descriptions of all the didactic aspects of these workshops are collected 
in two didactic units, one for each specific workshop. The DU structure follows the pattern of those 
previously published for ADEC2018 [5]. 

3.2.1 Workshop III, working on the properties of matter1 
Table 2 lists the single experiments done in workshop III, as well as the materials and products used, 
the fundamentals and the scientific concepts worked on. Specific experimental activities in table 2 
have been planned to achieve the following specific and general learning objectives. 

• Identify the different aggregation states of the matter and understand the properties of each one 
of them. 

• Understand the influence of the temperature on the mobility of the particles, on the different 
aggregation states of the matter and on the phase changes. 

• Understand principles causing intermolecular interactions and its influence on solubility. 
• Interpret the experimental processes based on the scientific knowledge worked in the 

workshop. 

• Defend and argue ideas between members of the same work subgroup and in front of the whole 
group.  
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• Cooperate and work as a team to carry out scientific experiences. 

Table 2. Experimental activities in workshop III: Working with the properties of matter: physical properties of gases, 
liquids and solids. Fundamentals and scientific concepts and their relationship with technology and society 

Physical 
properties of 
gases, liquids 
and solids: the 

volume 

Products: air, water, ethanol,  coloured children's play dough 
Work utensils: plastic syringes, tape measure, plastic or glass volumetric burette  
Fundamentals: the particles/molecules that form the gases are much more separated from 
each other, than those formed by liquids and solids (volume). Under pressure, the volume 
of gases decreases a lot (their molecules get closer), much more than in liquids and solids 
Concepts and scientific terms: volume, pressure, solid, liquid, gas, compressibility, 
ductility, malleability 
STS: hazard in transport of gases for industrial o domestic uses  

Physical 
properties of 
gases, liquids 
and solids: the 
temperature 

Products: water, food colouring 
Work utensils: heater or microwave oven, large glass or plastic bottle, small glass or 
plastic can with lid 
Fundamentals: according to molecular kinetic theory, temperature, energy and heat are 
related each other. The increase in temperature increases the molecular speed and the 
volume occupied by the molecules of the substances. The increase in temperature 
decreases the density 
Concepts and scientific terms: temperature, density, energy, volume 
STS: thermal winds, climate, ocean current, expansion joints in buildings and civil 
constructions 

Physical 
properties of 
gases, liquids 

and solids: 
changes in the 

aggregation 
states of matter 

Products: water, cooking salt   
Work utensils: plastic cups, glass containers or other heat-resistant and transparent 
material, thermometric probe, heater 
Fundamentals: in pure substances at constant pressure (atmospheric) the temperature at 
which it changes from solid to liquid is unique. In the same way, the temperature at which it 
changes from a liquid to a gas state is also unique. Both depend on the forces among their 
molecules. The dissolution of salt in water alters its melting point and boiling point, since it 
alters the intermolecular forces 
Concepts and scientific terms: melting point/temperature, boiling point/temperature, 
substance, solution, density of liquid water and ice 
STS: freezing temperature of water at the land poles. Marine life at the poles. antifreeze in 
everyday life   

Physical 
properties of 
gases, liquids 

and solids: 
solubility and 

floatability 

Products: water, ethanol, olive oil  
Work utensils: plastic or glass cups, plastic syringes 
Fundamentals: Ethanol and water are soluble. Olive oil is soluble neither in water nor in 
ethanol. Olive oil, alcohol and water have increasing densities. Depending on the relative 
proportion of water and alcohol, a drop of olive oil will sink or float in the alcoholic mixture 
Concepts and scientific terms: solubility, density, floatability   
STS: marine pollution by plastics and substances derived from petroleum. Recycling and 
sustainable development 

1 A copy of the Didactic Unit of Workshop III: Working with the properties of matter: physical properties of gases, liquids 
and solids, can be requested from the authors (in Spanish) 

3.2.2 Workshop IV, Working on the properties of matter2 
Table 3 lists the experiments done in workshop IV, as well as the materials and products used, the 
fundamentals and the scientific concepts worked on. Specific experimental activities in table 3 have 
been planned to achieve the following specific and general learning objectives: 

• Observe the behaviour of the objects interacting with the light. 

• Experiment with the decomposition/composition of white light.  
• Know the basic laws that govern the physical phenomena of reflection and refraction of light. 
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• Interpret the experimental processes based on the scientific knowledge worked in the 
workshop. 

• Analyse the benefits and risks of technologies and science, assessing their contribution to 
improving the living conditions of people. 

• Defend and argue ideas between members of the same work subgroup and in front of the whole 
group.  

• Cooperate and work as a team to carry out scientific experiences. 

Table 3. Experimental activities in workshop IV: Working with the properties of light.  
Fundamentals and scientific concepts and their relationship with technology and society 

The components 
of white light 

Work utensils: Newton wheel, diffraction prism, CD, coloured pencils, paper, scissors, 
glass marble, glue, torch  
Fundamentals: colours are a subjective appreciation of our sense of sight. The white light 
can be decomposed in the colours of the rainbow. Colour of a light emitting source. Colour 
of a light filter 
Concepts and scientific terms: radiation, primary colour, secondary colour, emission of 
light, absorption of light, transparency 
STS: the pigment industry. The fashion world. Paintings and artistic activities. Design of 
colours on the computer 

light can be 
reflected 

Work utensils: flat mirror, tape measure, spoon, magnifying mirror, rear view mirror 
Fundamentals: the ray of light is reflected on a surface according to the law of reflection. 
The law is also fulfilled if the surface is not flat. In the geometric optics, light is treated as a 
ray that propagates in a straight line 
Concepts and scientific terms: angle of incidence, angle of reflection. Concave surface, 
convex surface, focus of a mirror, real image, virtual image, image size 
STS: the mirrors in everyday life. The periscope. Technological applications 

light can be 
refracted 

Products: water, ethanol, olive oil, paraffin  
Work utensils: plastic cups, crystal glasses, pencils, heater 
Fundamentals: the speed of propagation of light depends on the medium in which it is 
propagated, which results into a change in the direction of propagation when there is a 
change in the medium (refraction)  
Concepts and scientific terms: refraction angle, refraction index, lenses, magnifying 
glasses  
STS: optical instruments in everyday life and in the technology industry. Mirages in the 
desert and in the sea 

Ray of light 
(laser) confined 

in a medium 

Products: water, milk or detergent, smoke 
Work utensils: plastic bottle, clear plastic or methacrylate cuvette, green and red laser 
pointers 
Fundamentals: the use of a laser beam allows to easily visualizing the ray trajectory and 
the refraction phenomenon when changing medium and also the reflection in the boundary 
surface between two media 
Concepts and scientific terms: refraction, reflexion   
STS: optical fibres  

Light is energy 

Work utensils: green and red laser pointers, green, red, white and black balloons 
Fundamentals: light is a wave phenomenon and its energy depends on its frequency. The 
colour of visible light also depends on its frequency. According to the colour of the laser 
and according to the colour of the balloon, it can explode when it is illuminated with a laser 
beam, due to the heating and subsequent rupture of the balloon rubber 
Concepts and scientific terms: waves, frequency, wavelength, light absorption, light 
energy     
STS: photovoltaic plates, renewable energies, photosynthesis 

2 A copy of the Didactic Unit of Workshop IV: Working with the properties of light, can be requested from the authors (in 
Spanish) 
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3.2.3 The ADEC on-line educational platform  

We have developed an online platform, still under construction, to give support to the workshops. 
The main objective of the ADEC platform is to serve as an online repository for the content of the 
Workshops, and to extend the communication and interaction possibilities between the participants 
beyond the course. Furthermore the platform can contribute to the scientific training of any 
interested teacher, even if they have not participated in the workshops. 

We have developed this prototype (Figure 1) throughout several iterative cycles of needs analysis, 
decision making, proposal development and evaluation [10], until obtaining the current platform. 

 
Figure 1. Screenshot of the ADEC platform welcome page 

The main content of the site are the experiments, their scientific justification and explanation, and the 
interaction tools. Taking this into account, we create a didactic video for every experiment. Then, we 
upload them to the platform with an explanation and a description of the necessary materials to carry 
out the experiments. The experiments are organised around the content of every in-person workshop 
and also classified by using taxonomies and categories (figure 2). 
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Figure 2. Screenshot of the ADEC workshops index. 

An interactive glossary is another feature of the platform. It is designed to help teachers to fully 
understand the scientific terms that appear throughout the different experiments.  

We have created related Open Educational Resources (OER) that can be shown at the platform in 
different manners, even as a suggested material based on the context. This allows users to find 
potentially interesting content.  

Access to the platform is open to all users. They can comment the experiments and contact the ADEC 
team for solving doubts or making suggestions. 

3.3 The satisfaction survey: results and commentaries  
PTs answered voluntarily an opinion survey that gathered information about: A) personal data, B) 
teaching methodology in the area of NSc used in their CEPs, C) assessment of the didactic 
methodology and satisfaction with the training acquired in the ADEC workshops. 

The global data extracted from the answers of A and B have already been pointed out in the first 
paragraphs of point 3.1 of this article, so that, in the following paragraphs, we comment on the 
evaluative aspects of the activities carried out in the ADEC workshops. Table 4 collects the teachers' 
opinion on some issues that could only be answered positively or negatively 
  

4246



Table 4. Results of some of the satisfaction survey questions. ADEC2018 and ADEC2019 

Question: Yes No 

The way of introduction of the workshops contents (short initial theoretical exposition), has 
helped you to improve your knowledge on the subject? 

100% 0% 

Do you find that the contents worked in the workshops are suitable for primary school? 100% 0% 

Do you think the experimental activities should have been more spectacular, so that 
children will find them more fun and will be more interested in the sciences? 

 
96,9% 

 
3,1% 

Do you find correct the way in which the contents of the workshops have been worked out, 
relating experimentation with theoretical contents, competences, etc.? 

100% 0% 

Do you think that the workshop teaching methodology will help you to develop similar 
activities with your students? 

100% 0% 

Would you be interested in participating in future editions of these practical scientific 
workshops? 

100% 0% 

Survey section C, includes the question: What did you like the most from the workshops: scientific 
subjects (contents), didactic methodology, university tutors and their explanations, others? Below are 
some of the most representative responses 

• “Contents and explanations, which have been very useful and applicable to primary school” 
• “The personalized attention of the university tutors and the adaptation of the experiments to the 

scientific concepts worked on” 

• “Hands on the experiment has been more convenient to understand scientific concepts” 

• “The simplicity and clarity of the explanation about the scientific contents” 
• “The excellent relationship with the university tutor. The trust environment created favours the 

formulation of questions. The activities have been simple and enriching” 
• “The didactic methodology and the good explanations. The excellent correlation between the 

experiments and the Natural Sciences curriculum of primary school” 

Finally, 97% of the PTs rated as “excellent” (4 points) their degree of overall satisfaction with the 
Workshop, 3% rated it as “good” (3 points) and none of them rated it as “moderate” (2 points) or “low” 
(1 point), being 3.9 the average score. 

PTs comments, on the one hand, the convenience of increasing the number of workshops and 
experimental activities in each edition and, on the other hand, they propose to include the workshops 
in the list of official training courses of the local government. Surely these two objectives will be 
included in the improvement plan of ADEC for the next edition 

4 CONCLUSIONS 
The opinions of the PTs expressed in the satisfaction survey and summarized in point 3.3, show the 
most conclusive points of this didactic project 

• Primary school teachers are generalist teacher and for several reasons, they show a lack of 
experience in planning and doing effective practical work in natural sciences teaching. 
Nevertheless, there are aware of the huge potential of practical work as didactic tool and are 
eager to get involved in training programs and improve their scientific knowledge, both practical 
and theoretical. 

• The type of scientific didactic activities carried out in the workshops of the ADEC educational 
project, has proved to be especially useful as a didactic tool in the training of primary school 
science teachers and in the improvement of their scientific competence. 

• Collaboration between university professor of science (tutors) and the primary teacher has 
proven to be paramount in their achievement of the right scientific knowledge in order to 
correlate scientific  

4247



• Currently, there is still not enough data (metrics of visits, video visualizations or downloading of 
documents) to evaluate the usefulness of the online platform. Therefore, this will be addressed 
in future works. 
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