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Abstract 

 
Over the past few years, being able to have a fluent conversation in English has 
become the challenge of many young and, above all, old generations in which 
studying foreign languages at school was not so common. Nevertheless, in 
some jobs today it has become a requeriment and something that can close 
doors and limitate opportunities if you do not have this competence. For that 
reason, the educational system has realized that something has to be done as 
early as possible and it has to start from the roots. Many initiatives have been 
developed in Europe since the 1990s but the popular one was coined as CLIL. 
Content and Language Integrated Learning programmes have been designed 
and implemented all over the world in different educational stages. Much 
research about different aspects of these programmes and also in different 
contexts have already been done, but much more is about to come in order to 
improve the method. Therefore, in the present work it is showed the research 
conducted in the chemistry classrooms of Institut Europa, Bellvitge (Catalonia) 
in order to provide empirical evidence about the effectiveness of this strategy. 
To do that, some resources in English have been designed and used in many 
lessons with the aim of improving the language level of the students as well as 
learning the content of the didactic units. 
 
 
 
 
 
 
 
 
 
 
 
  



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 6 
 

Introduction 
 
 
Nowadays, being able to communicate in many languages opens up a whole 
world of possibilities. As a matter of fact, due to globalisation, English has 
become the language of communication par excellence. Therefore, now it is 
vital to be able to speak English in order to understand all the inputs that are 
arriving to us in this language such as songs, films, articles and so on. 
Moreover, the knowledge of many languages, especially English, has become a 
requeriment in some jobs.   
 
The importance of this fact has increased enormously over the past few years 
since in 1995 the European Commission stated in the White paper that 
everyone should be able to communicate in their mother tongue and in two 
European languages (Commission of the European Communities, 1995). 
Thanks to the Council of Europe and the European Comission for raising 
awareness and promoting the learning of foreign languages, many countries 
have been launching multiple bilingual educational programmes in order to 
develop this initiative (Lasagabaster and López, 2015).   
 
Before this date, some countries around the world had already implemented 
some strategies with a similar objective like the Canadian immersion 
programme (Genesee, 1987). Nevertheless, according to Coyle (2006), after 
the mid-nineties there was a revolution to establish an optimum method to 
achieve this aim but there was also a need to find the appropriate terminology 
to refer to these programmes. In 1990s the acronym CLIL was coined and was 
defined as “any dual-focused educational context in which an additional 
language, thus not usually the first language of the learners involved, is used as 
a medium in the teaching and learning of non-language content” (Marsh, 2002, 
p.15) and it is still used since “it placed both language and non-language 
content in a form of continuum, without implying preference for one or the other” 
(Marsh, 2002, p.58). 
 
According to Manzano (2014), the positive results yielded in the researches 
conducted around CLIL and its impact on the students learning are increasing 
the relevance of it since the specialists in the topic have identified its benefits in 
both content and language outcomes. Moreover, there is also evidence in the 
literature that claims that CLIL programmes contribute to raise the learner 
achievement of the foreign language not only for students with high language-
learning aptitude but also for those students with less (Wiesemes, 2009).  
 
Regarding its effectiveness some studies have been conducted all over Europe 
comparing CLIL and non-CLIL students in different subjects, for instance, in the 
Netherlands in secondary education (Admiraal et al., 2006) and in Finland 
which is considered one of the pioneers countries in Europe, in primary and 
secondary education (Jäppinen, 2005). Other investigations of different aspects 
of CLIL have showed that it also helps students to develop better speaking skills 
(Dalton-Puffer, 2008) and also to improve receptive and productive vocabulary 
(Dalton-Puffer, 2011). 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 7 
 

In Catalonia and in the rest of Spain there have also been many approaches in 
different contexts in an attempt to meet the objective of CLIL during the last 
years. Following the theme of the last examples of research mentioned, some 
of them have focused on proving its effectiveness in different educational 
stages like the proposal of Jiménez (2014) of a new strategy to provide 
evidence of it applied in tertiary education, the comparison on the oral English 
production of CLIL and non-CLIL students in secondary education in the 
Basque country (Gallardo and Gómez, 2013) and the study carried out in the 
region of Andalusia showing the significant gains regarding language 
competence (Lorenzo et al., 2010). Moreover, there have been other themes 
like the orientation of teachers in the implementation of CLIL (Valdés and 
Espinet, 2014) or the idea of evaluating the implementation of CLIL materials 
designed for secondary education (Canet, 2010). 
 
Even though the vast majority of the research done about CLIL so far has 
showed it to be benefitial, according to Jiménez (2014) there is still the need to 
provide empirical evidence of the hypothesis surrounding it since CLIL 
programmes in some contexts run the risk of become undervalued. For doing 
that, more CLIL programmes have to be designed and implemented in order to 
evaluate the impact on the students. 
 
Although the term CLIL does not specify the foreign language used for the 
transmission of the content, English seems to be the most popular so far. My 
interest in English as the vehicular language that allows us to be connected with 
people and their culture around the world has brought me to investigate about 
this topic. Nevertheless, it should be noted that CLIL has not been dealt with 
during the Màster de Formació de Professorat and it would be interesting to 
dedicate some sessions to talk about it and to situate its importance nowadays 
for future generations of students. 
  
Moreover, this research could not have been conducted if the conditions of the 
educational system in Catalonia and, of course, in the centre in which my 
Pràcticum has been developed were inappropiates for the study. The 
Departament d’Ensenyament of the Generalitat de Catalunya states that every 
educational centre has to elaborate its Projecte Educatiu de centre (PEC) 
following some indications. In this document the Projecte Lingüístic de centre 
(PLC) can be found in which every education centre has to include the 
approaches regarding the use of languages in the centre and its curricular 
treatment.  
 
This research has been conducted in Institut Europa. This public high school is 
situated in the neighbourhood of Bellvitge in L’Hospitalet de Llobregat and it has 
been classified as “educative centre of maximum complexity”. Due to its 
location in an unfavourable socioeconomic environment, thanks to the 
Educational Association Nou Quitxalles, some students of ESO receive a grant 
that allows them to have lunch at school every day of the week. Moreover, in 
this high school there is a high percentage of immigration which is translated 
into difficulties for understanding Spanish but, above all, Catalan since many 
students come from latin America and already speak Spanish. Nevertheless, 
apart from strenghten the official languages of Catalonia, the school carries out 
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different projects to encourage the use of English and to benefit its improvement 
that can be found in the section titulated Impuls llengües estrangeres in its 
Programació General Anual 2015-2016. Firstly, some students of 2nd and 3rd of 
ESO participate in “Reading groups in English” where they prepare theatre 
representations to present in Saint George’s day. Secondly, the Grup 
d’Experimentació per al Plurilingüisme (GEP) which is also addressed to 
students of 2nd and 3rd of ESO. GEP consists in having Mathematics lessons 
with a native English speaker and the usual teacher once per week using the 
CLIL methodology. Thirdly, the high school is participating in the programme 
Erasmus+ and the students of different courses have already travelled abroad.  
 
After the first period of Pràcticum (two weeks in December 2015) I realized the 
necessity of the students of ESO and Batxillerat of improving their level of 
English. During those days I had the opportunity of taking part of the jury during 
the presentations of the students of 3rd or ESO of the activities developed 
during the “English Learning Camp”. The students spent three days with 
monitors speaking just English to them and every student was provided with two 
dossiers in English that would have to be delievered completed when they went 
back. They were organised in groups of four which had to do an oral 
presentation in English (voluntarily speaking in English) related to the activities 
in which they have participated (zip-line, archery,...). Surprisingly, nearly all of 
them spoke in English during the presentations and taking advantatge of their 
predisposition I decided to drop a grain of sand in the research of CLIL. 
 
As it has been metioned before, the research in CLIL has been conducted in 
primary, secondary and tertiary school and its implementation has been carried 
out in different subjects. In science subjects understanding English is very 
important since there is more information that can be found in English than in 
other languages. Furthermore, science subjects turn out to be easier than other 
subjects in CLIL programmes since the vocabulary used to define the concepts 
is very similar to Catalan or Spanish. Thus far this fact seems an advantatge for 
this innovation in Institut Europa where science subjects have just been 
implemented using CLIL in Physics in 4th of ESO during one didactic unit but not 
in chemistry.    
 
Therefore, this research has the objective of proving the effectiveness of the 
implementation of CLIL resources in the chemistry lessons during a short period 
of time. Concretely, this period coincides with the development of the didactic 
units designed for the research and the specific aims of it are to: 

1. Prove the effectiveness of CLIL as content learning. 
2. Prove the effectiveness of CLIL as language learning focusing on 

scientific and non scientific vocabulary and receptive and productive 
vocabulary. 

3. Analyse the content and language integrated learning self-perception of 
the students in the CLIL lessons. 

 
Before entering in the research conducted it is important to define some terms 
that will appear in this work and which is vital to know what they refer to. The 
first term that should be defined is CLIL resources. In this research CLIL has not 
been implemented as in the rest of contexts mentioned in the bibliography due 
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to the conditions of the Pràcticum: short period of time of the implementation, 
the fact of sharing the design and implementation of the didactic units with a 
partner and the fact that the students selected as the sample have never used a 
different language than Catalan or Spanish in the chemistry classroom. For 
these reasons, during the design of the didactic units taking into account the 
objectives of the research it was decided not to do a total linguistic immersion, 
that is to say, not to use the English as the language of transmission during the 
lesson but to implement CLIL resources. These resources have to be 
understood as outlines of practical experiences, activities, PowerPoint 
presentations, information in general and videos. Other terms that should be 
defined are receptive (passive) and productive (active) vocabulary where 
receptive vocabulary refers to the words a person is able to understand 
whereas productive vocabulary refers to the words that are not only understood 
but also produced (Merikivi and Pietilä, 2014). The last terms that have to be 
defined are scientific and non scientific vocabulary. Scientific vocabulary is 
understood as the vocabulary used in science to define the concepts that 
involve the theories and models. Whereas, non scientific vocabulary is 
understood as the vocabulary used in our daily life that is not necessarily 
related to science but it could.  
 
To sum up, this Treball de fi de Màster comprises a description of the didactic 
proposal designed to achieve the aims showed above, a list of the instruments 
used to check their achievement, the results obtained during the development 
of the research and the conlusions elaborated in relation to them in addition to 
the limitations and the improvement proposals of the research carried out.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 10 
 

Description of the observation in the classroom 

 

Research participants 
 
This research has been conducted in two courses of Institut Europa.  

 In 3rd of ESO, with a sample of fifty-two students. This high school has 
two lines for each course of ESO, A and B, but in 3rd and 4th of ESO for 
the subjects of the scientific-technological field, such as chemistry, the 
students are distributed in three groups: G1, G2, G3. 

 In 1st of Batxillerat, with a sample of just seven students. The amount of 
students doing 1st of Batxillerat in this high school is very small, hence 
the students of all the specialities are together for the ordinary subjects 
but for the subject of chemistry there are just seven students. 

 
 

Characteristics of the participants 
 
The distribution of the students in 3rd of ESO for the subjects of the scientific-
technological field follows this pattern as a measurement to attend the diversity. 
The objective of this is to help the students of the lowest academic performance 
providing them adapted materials or different checking criteria, among others, 
depending on the corresponding teacher of the different subjects. The group G1 
corresponds to the students with lower academic performance and the groups 
G2 and G3 correspond to the students with higher academic perfomance. 
However, in some occasions the distribution does not follow this pattern and in 
the groups G2 and G3 some students with low academic perfomance can be 
found. Moreover, in this course there are also students with a Pla Individualitzat 
(PI) in order to face their cognitive difficulties applying some adaptations.  
 
All the students of the cohort are teenagers but the characteristics are different 
between the two courses selected. The students of 1st of Batxillerat have 
chosen to continue with their studies two years more after 4th of ESO. This 
means that their implication on the studies and their academic performance 
should be higher and more uniform than in 3rd of ESO in general considering 
that this is still a course of the compulsory education. However, that is not 
exactly the case since in 1st of Batxillerat there are some students who need to 
make a big effort to understand the lessons and to pass the exams as well as in 
ESO.  
 
Regarding the social and cognitive field, the students of 1st of Batxillerat are 
more mature than the students of 3rd of ESO and their behaviour in class is 
better. Unlike the students of 3rd of ESO in general, the students of 1st of 
Batxillerat are more responsible and they tend to meet their deadlines always. 
Nevertheless, the lessons of 3rd of ESO are more interactive because the 
students are more participative. 
 
Finally, the biological changes due to puberty affect considerably in 3rd of ESO 
where, for example, girls with or without the period or students whose physical 
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changes have not been developed in the same stage can be found. Moreover, 
something curious is that in 3rd of ESO the vast majority of problems between 
the students are caused by and affect to the girls since the boys of this course 
seem to be more discret.  
 

Data collection strategy 
 
This research has focused on the design and selection of the resources of the 
didactic units implementing CLIL in both couses and also, on the data collection 
strategy in order to evaluate the impact on content and language learning on 
the students. The instruments that have also been designed and applied are 
described below: 
 

1. For achieving the first aim, related to content learning, a pre and post-
test online were designed and applied in both groups of students. The 
pre and post-test were different but they followed the same structure and 
theme. In order to do that, one or two concepts related to the didactic 
units that were going to be worked with CLIL resources were chosen. In 
3rd of ESO the scientific idea chosen was the law of the conservation of 
mass since the students present many misconceptions with it. The 
questions in the pre and post-test were adapted from Özmen and Ayas 
(2003). Two of the questions were invented and the other two were 
translated or adapted to a different chemical reaction (see Annex 1.1 and 
1.2). In 1st of Batxillerat the ideas chosen were Ideal gases and 
Experimental design (see Annex 1.3 and 1.4). In both cases the pre-test 
was filled in during the first twenty-five minutes of the first session of the 
didactic unit and the post-test was completed during the last twenty-five 
minutes of the last session of the didactic unit. The tests were designed 
in order to compare the number of correct answers in the pre and post-
test to see if there was as improvement. 

2. For achieving the second aim, related to language learning focusing on 
English vocabulary learning, a pre and post-test were designed and 
applied in both groups of students. The pre and post-test were exactly 
the same and were composed by ten words. The objective was that the 
students showed the improvement of their receptive and productive 
vocabulary as it is described in Merikivi and Pietilä (2014). The tests 
included also scientific and non scientific vocabulary that would appear 
during the development of the didactic unit (see Annex 1.5 and 1.6). In 
both cases the pre-test was filled in during the first twenty-five minutes of 
the first session of the didactic unit and the post-test was completed 
during the last twenty-five minutes of the last session of the didactic unit 
since both appeared together with the content learning tests described 
before.  

3. For supporting the lasts aims and to analyse the self-perception of the 
students, two other instruments were implemented. Firstly, at the end of 
some lessons using CLIL resources the students were asked two 
questions of learning self-regulation: 

a. What did I learn today?  
b. What have I not understood yet?  
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In ESO, the questions were asked in Session 2 and 4 and in Batxillerat in 
Session 3, 4 and 8 (see Development of the didactic proposal). 
Secondly, the students of 3rd of ESO completed a questionnaire related 
to the grade of difficulty found, the challenge of repeating the experience, 
the utility of English and the vocabulary learning during the development 
of the didactic unit after the period of implementation (see Annex 1.7).  
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Development of the didactic proposal 

  

To carry out this research two teaching units for the chemistry subject have 
been designed, one for 3rd of ESO and another one for 1st of Batxillerat. In both 
of them some teaching materials in English were included which represented 
the implementation of CLIL resources in the chemistry classroom.  
 
It should be noted that although the cohort is fifty-two in 3rd of ESO and seven in 
1st of Batxillerat due to unforenseen events like medical appointments or 
illnesses not all the students have been able to take part neither in all the 
sessions nor in the instruments used in the research that have been already 
described.  
 

English teaching materials in 3rd of ESO 
 
The English teaching materials in 3rd of ESO, which can be found in Annex 2, 
were designed for the didactic unit: No barregis això que la liaràs parda! and 
they correspond to the sessions described below: 
 

1. Session 1. This activity was developed in one session and consisted in 
identifying which kind of change, physical or chemical, was involved in 
different actions contemplated in a tomato spaghetti recipe and other 
previous examples. Moreover, the students had to differentiate the 
physical changes between: mixtures, fragmentation changes and state 
changes. In order to help the students with this task, the activity was 
complemented with pictures that facilitate the comprehension of the 
steps described in the recipe (see Annex 2.1).  

2. Session 2. This activity consisted in carrying out the steel wool 
experiment and was developed by groups of four or five students in one 
session. During its development the teacher worked with the students for 
the comprehension of the steps described in the outline (see Annex 2.2).  

3. Session 4: This activity consisted in studying some factors (temperature, 
surface area and concentration) that affect the velocity of chemical 
reactions and was developed by groups of four or five students in one 
session. During its development the teacher worked with the students for 
the comprehension of the steps described in the outline (see Annex 2.3 
and 4.2). 

4. Session 5 and 6: This activity was related to the study of five types of 
chemical reactions (decomposition and synthesis, redox, acid-base and 
precipitation) and was developed by groups of four or five students in two 
sessions. In the first one, the students read the piece of paper assigned 
and tried to understand it and solve the exercises at the bottom of it. 
After this individual part, the students were organised in groups and 
worked together for the same objective described before. During its 
development the teacher worked with the students for the 
comprehension of the texts and then, he/she allowed them to use their 
chemistry books to help themselves with similar information provided in 
Catalan. Finally, during the following session, the students presented, in 
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front of the class, the information that they have learned from their piece 
of paper complemented with the one in the book (see Annex 2.4). 

5. Session 7 and 9: The last intervention of English teaching materials was 
related to the task of elaborating a scientific divulgation product about 
one particular reaction. In groups of three or four students, they read a 
text of six lines approximately to understand the case and the reaction 
that was involved and they had to prepare a presentation or video 
including the information asked. In the rubric provided to coavaluate their 
classmates English was evaluated so it was up to them to choose if all 
the presentation was going to be in English, just a few parts or nothing 
since their marks depended on it (see Annex 2.5). 

 
English teaching materials in 1st of Batxillerat 
 
The English teaching materials of 1st of Batxillerat, which can be found in the 
Annex 3, were designed for the didactic unit: Motos a gas! and they correspond 
to the sessions described below: 
 

1. Session 1. The first activity of this session consisted in reading a new in 
English related to gas fuels in order to introduce the context of the 
didactic unit. The second one, after the discussion about the properties 
of gases, consisted in visualizing two videos talking about them and 
showing a simulation of their behaviour (see Annex 3.1).  

2. Session 2 and 3. This activity consisted in carrying out the experimental 
determination of the relationship between volume and temperature at 
constant pressure. During its development, in a group of three and 
another one of four students, the teachers worked with the students for 
the comprehension of the steps described in the outline that were also 
discussed before the execution of the experiment (see Annex 3.2 and 
3.3). 

3. Session 4: This activity consisted in carrying out the experimental 
determination of the relationship between pressure and temperature at 
constant volume. During its master development, the teachers worked 
with the students for the comprehension of the steps described in the 
outline that were also discussed before the execution of the experiment 
(see Annex 3.4 and 3.5). 

4. Session 5: This activity consisted in carrying out the experimental 
determination of the relationship between pressure and volume at 
constant temperature. During its development, in a group of three and 
another one of four students, the teachers worked with the students for 
the comprehension of the steps described in the outline that were also 
discussed before the execution of the experiment. After this activity, the 
teachers explained how to elaborate a scientific poster about a research 
so that in groups of two or three they elaborate one for each experiment 
done in the classroom for the end of the week (see Annex 3.6, 3.7 and 
3.8).  

5. Session 8: The students presented the scientific posters elaborated in 
English since this aspect was also evaluated in the rubric that they used 
to coavaluate their classmates (see Annex 3.8 and 4.3).  



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 15 
 

6. Session 9: The students were given a piece of paper with an exercise in 
English that they had to solve in forty-five minutes. Each two or three 
students had a different context related to the topic of the didactic unit. 
The last fifteen minutes were dedicated to compare their answers with 
their partners (see Annex 3.9). 

7. Session 10: The last session was dedicated to check all the exercises 
done the day before so that each group explained their resolution to the 
rest of the class in Catalan (see Annex 3.9).  

 
 

The results obtained in this research are showed below: 
 

Results 1: Content learning (3rd of ESO and 1st of Batxillerat) 
 
For obtaining the results, all the answers of the pre-test and post-test were 
counted and considered as the total number of answers. Then, the correct and 
incorrect answers were compared with the total number in order to establish the 
percentages showed in Figure 1 and Figure 2. The Do not know or Do not 
answer answers have been considered as incorrect when the percentages have 
been calculated since the objective was to improve the number of the correct 
ones.  

 
Figure 1: Graphic representing the percentages of the correct and incorrect answers in the pre 
and post-test related to content learning in 3

rd
 of ESO. 

 

 
Figure 2: Graphic representing the percentages of the correct and incorrect answers in the pre 
and post-test related to content learning in 1

st
 of Batxillerat. 
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As it can be seen, the number of correct answers increases in the post-test in 
both courses. However, the improvement seems to be higher in 1st of Batxillerat 
than in 3rd of ESO.  
 

Results 2: Language learning (3rd of ESO and 1st of Batxillerat) 
 
For obtaining the results, all the answers of the translations in the pre-test and 
post-test were counted and considered as the total number of answers. Then, 
the correct and incorrect answers were compared with the total number in order 
to establish the percentages showed in Figure 3 and Figure 4. The Do not know 
or Do not answer answers have been considered as incorrect when the 
percentages have been calculated since the objective was to improve the 
number of the correct ones.  
 

 
Figure 3: Graphic representing the percentages of the correct and incorrect answers in the pre 
and post-test related to language learning in 3

rd
 of ESO. 

 

 
 

Figure 4: Graphic representing the percentages of the correct and incorrect answers in the pre 
and post-test related to language learning in 1

st
 of Batxillerat. 

 

As it can be seen, the number of correct answers increases in the post-test in 
both courses. However, the improvement seems to be higher in 1st of Batxillerat 
than in 3rd of ESO.  
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Results 3: Learning self-perception – Questionnaire (3rd of ESO) 
 
The following six graphs show the results of the questions that composed the 
questionnaire carried out at the end of the implementation of the didactic unit. 
 
The first three questions are related to the fact of using English in the chemistry 
classroom: the grade of difficulty found (Figure 5 and 6), the utility of it (Figure 7 
and 8) and the challenge of repeating the experience (Figure 9 and 10). After 
each of the questions some positive and negative justifications of the students 
can also be found.  

 
Figure 5: Graphic representing the percentages of the strongly agree, agree and disagree 
answers in the question of the questionnaire related to the grade of difficulty found in 3

rd
 of 

ESO. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Graphics representing the percentages of the strongly agree, agree and disagree 
answers in the question of the questionnaire related to the grade of difficulty found in the 
different groups of 3

rd
 of ESO. 
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Some positive justifications of the students: 

 Considero que tinc un bon nivell d’angles i tinc molta facilitat en 
aprendre-ho, el vocabulari que utilitzem es fàcil. 

 No he tingut cap problema per entendre’l. 

 Se’m dona bé l’anglès. 
Some negative justifications of the students: 

 Perquè no domino molt bé l’anglès encara. 

 Perque no ho entenia. 

 Perquè no se angles. 
 

 
Figure 7: Graphic representing the percentages of the strongly agree, agree and disagree 
answers in the question of the questionnaire related to the utility of English in 3

rd
 of ESO. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Graphics representing the percentages of the strongly agree, agree and disagree 
answers in the question of the questionnaire related to the the utility of English in the different 
groups of 3

rd
 of ESO. 
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Some positive justifications of the students: 

 He reforçat el anglès i he après a dir paraules que abans no sabia. 

 Perquè és molt important aprendre més d’angles i en aquesta 
assignatura hi ha un vocabulari diferent que no s’estudia molt. 

 Aprenes mes. 
Some negative justifications of the students: 

 No, per que no enseña res de util. 
 

 
Figure 9: Graphic representing the percentages of the strongly agree, agree and disagree 
answers in the question of the questionnaire related to the challenge of repeating the 
experience in 3

rd
 of ESO. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Graphics representing the percentages of the strongly agree, agree and disagree 
answers in the question of the questionnaire related to the challenge of repeating the 
experience in the different groups of 3

rd
 of ESO. 
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Some positive justifications of the students: 

 M’encanta l’anglès i la física i química, i així aprenen més. 

 Per què és bo fer coses en anglés. 

 Per practicar i aprendre més angles.  
Some negative justifications of the students: 

 No perquè si no entenc gaire en castellà en ingles em serà mes dificil. 

 M’ agrada però no tant. 

 No m’agrada l’anglés perquè em costa entendre. 
 
The last three questions are related to the vocabulary learning: scientific 
vocabulary in English (Figure 11 and 12), non scientific vocabulary in English 
(Figure 13 and 14) and scientific vocabulary in Catalan/Spanish (Figure 15 and 
16). 

  
Figure 11: Graphic representing the percentages of the much, little and nothing answers in the 
question of the questionnaire related to scientific vocabulary learning in English in 3

rd
 of ESO. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Graphics representing the percentages of the much, little and nothing answers in the 
question of the questionnaire related to scientific vocabulary learning in English in the different 
groups of 3

rd
 of ESO. 

40,0% 

51,4% 

8,6% 

He après vocabulari científic en anglès 
(Exemple: State change) 

Molt 

Poc 

Gens 

He après vocabulari científic en anglès 

(Exemple: State change) 

G1 G2 

G3 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 21 
 

 
Figure 13: Graphic representing the percentages of the much, little and nothing answers in the 
question of the questionnaire related to non scientific vocabulary learning in English in 3

rd
 of 

ESO. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Graphics representing the percentages of the much, little and nothing answers in the 
question of the questionnaire related to non scientific vocabulary learning in English in the 
different groups of 3

rd
 of ESO. 
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Figure 15: Graphic representing the percentages of the strongly much, little and nothing 
answers in the question of the questionnaire related to scientific vocabulary learning in 
Catalan/Spanish in 3

rd
 of ESO. 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Graphics representing the percentages of the much, little and nothing answers in the 
question of the questionnaire related to vocabulary learning in Catalan/Spanish in the different 
groups of 3

rd
 of ESO. 
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Results 4: Learning self-perception - Regulation questions (3rd of 
ESO and 1st of Batxillerat) 
 
Before showing the results obtained with the regulation questions it should be 
noted that the questions were always asked in English and translated at the 
moment to Catalan to check the comprehension of the students. Moreover, the 
students were not obliged to answer them in English but they were encouraged 
to use it even if it was for just a few words and mixing with Catalan or Spanish.  
 

Results for 3rd of ESO 
 
Regarding 3rd of ESO, as it has been previously mentioned, the regulation 
questions were proposed at the end of just two lessons. Concretely, the 
sessions were 2 and 4 (see Development of the didactic proposal) which 
correspond  to the activities: Steel wool experiment (see Annex 2.2) and Hurry 
up tablet! (see Annex 2.3 and 4.2). In Table 1, the percentage of the use of 
English can be found for the three groups (G1, G2 and G3) after both activities. 
 

% 

G1 G2 G3  

E M N E M N E M N 

Steel Wool 
Experiment 

10,0 30,0 60,0 60,0 33,3 6,7 68,8 25,0 6,2 

Hurry up tablet! 7,7 0,0 92,3 11,8 23,5 64,7 5,6 5,6 88,8 

 
   E = English, M = Mix, N = No English. 

Table 1: Percentages of the use of English in the responses of the students of the three groups 
(G1, G2 and G3) of 3

rd
 of ESO in the regulation questions. The highest percentage of each 

activity and group is indicated in bold.  

 
As it can be seen comparing the higher percentages in the table above, there is 
a tendency in all the groups of decreasing the use of English in their answers. 
Moreover, it should be noted that: 

 Just four students (three in G1 and one in G2) recognized in the 
responses having had difficulties with English in one of the sessions.  

 Just two students (one in G1 and one in G2, which do not coincide with 
the ones mentioned before) identidied to have learned English during the 
activity although if they are using English to answer the questions with 
the vocabulary used during the sessions that would also mean that they 
have learned something.  

 Many answers to the second question are about not having doubts since 
they claim to have understood everything or the difficulties are related to 
the content studied during the lesson.  

 
The answers of the students mentioned before related to English learning and 
the difficulties with it are listed below: 

 Question 1: What did I learn today?  
- Que iron es ferro. 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 24 
 

- Algunas words in English and I learn the steel wool will be higher 
with the battery. 

 Question 2: What have I not understood yet?  
- Que no se ingles i no me entero. 
- Me lio un poco con el ingles. 
- Me lio con el inglés. 
- Pero yo no lo entendi en ingles. 

 

Results for 1st of Batxillerat 
 
Regarding 1st of Batxillerat as it has been previously mentioned, the regulation 
questions were proposed at the end of three lessons. Concretely, the sessions 
were 3, 4 and 8 (see Development of the didactic proposal) which correspond  
to the first two experimental determinations (see Annex 3.2, 3.3, 3.4 and 3.5) 
and the presentation of the scientific posters (see Annex 3.8 and 4.3). In Table 
2, the percentage of the use of English can be found after the three activities. 
 

% E M N 

Experimental 
determination 1 

71,4 0,0 28,6 

Experimental 
determination 2 

42,9 0,0 57,1 

Scientific 
posters 

57,1 0,0 42,9 

             
            E = English, M = Mix, N = No English. 

Table 2: Percentages of the use of English in the responses of the students of 1
st
 of Batxillerat 

in the regulation questions. The highest percentage of each activity is indicated in bold.  
 
As it can be seen comparing the higher percentages in the table above, there is 
a tendency of decreasing the use of English in their answers like it happened 
with ESO students. Moreover, it should be noted that: 

 Four out of seven students claimed in one or two of the sessions to have 
had difficulties with English.  

 Six out of seven students identified at some point their English learning 
and one of them twice.  

 The rest of the answers to the second question are about not having 
doubts since they claim to have understood everything or the difficulties 
are related to the content studied during the lesson.  

 
The answers of the students mentioned before related to English learning and 
the difficulties with it are listed below: 

 Question 1: What did I learn today?  
- He aprendido nuevas palabras y luego nada más porque lo 

entendí cuando hice el experimento. 
- He aprendido a hablar en publico en ingles y a hacer un poster 

cientifico (que no sabia ni lo que era). 
- I learn expose in english and new vocabulary. 
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- He aprendido que el volumen i la temperatura estan relacionados, 
he aprendido palabras de química en ingles i a utilitzar un poco el 
drive. 

- He aprendido a hacer un poster cientific y también algunas 
palabras en inglés. 

- I have learnt some expressions in english and how to do a table in 
powerpoint. 

- I learn that made a poster is difficult and study the poster in 
english too. 

 Question 2: What have I not understood yet?  
- Me ha costado hablar inglés. 
- Me ha costado hablar inglés en público porque a veces me 

entravanco. 
- I not understand algunas letters in english. 
- I cost more the vocabulary in english. 
- Me a costado entender el ingles. 
- Me ha costado hacer la presentación en inglés. 
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Conclusions and other proposals 
 

 
After analyzing all the graphics found in the last section it is time to come to a 
conclusion. As it has been seen in Results 1, related to content learning, the 
number of correct answers has improved after the implementation of the 
didactic units. This fact would suggest the students have learned the content 
considering the application of CLIL resources in the classroom.  
 
Furthermore, as it has been seen in Results 2, related to language learning 
(vocabulary), the number of correct answers has also improved after the 
implementation of the didactic units. This fact, which coincides with Dalton-
Puffer (2011), would be an evidence for the language learning (vocabulary) of 
the students considering the application of CLIL resources in the classroom.  
 
Interestingly, the improvement has been higher in Batxillerat than in ESO. An 
explanation of this could be that, on one hand, the students of Batxillerat have 
decided to keep studying after ESO and its academic performance tends to be 
better in global in comparison to the one of 3rd of ESO. Moreover, they have 
chosen the scientific Batxillerat, therefore, they have chosen to study chemistry 
because they have an interest in knowing more about it and that is why they 
could have been more implicated during the development of the didactic unit 
than the students of ESO in general. On the other hand, in the case of 1st of 
Batxillerat, the didactic unit was implemented in two weeks and a half since they 
have four lessons per week instead of two lessons per week like in 3rd of ESO. 
This means that they have carried out more sessions with English resources 
than ESO in a shorter period of time and that their memory could have helped 
to obtain these results, considering that the students of 3rd of ESO spent one 
month and a half with the didactic unit. 
 
Regarding the graphics related to the students self-perception in ESO, it can be 
seen that there are some differences between the three groups (G1, G2, G3) in 
which the didactic unit has been implemented. As a matter of fact, in some of 
the questions it seems that some graphics of the different groups individually 
show opposite results than the general one. This could be attributed to the 
cognitive scarcities in the comprehension of science and/or English of some 
students, especially in G1. On the other hand, the fact that the groups have had 
different teachers could have also contributed to these results. My Pràcticum 
colleague was the teacher of G2, I was the teacher of G3 and both of us were 
the teachers of G1. Since I was the one carrying out this research about the 
implementation of CLIL resources it is understandable that, perhaps, I have 
showed more implication in the activities performed in English, due to my deep 
interest in the English learning of the students and the future results of the 
research.  
 
Regarding the regulation questions asked at the end of some sessions, it was 
expected that the answers of the students would be longer and that they would 
use more vocabulary while more sessions were developed. Nevertheless, the 
results show the opposite since as more sessions happened it seemed that the 
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tendency was to use less English in their answers, excluding the last activity for 
Batxillerat. On one hand, sadly, I attribute this fact to the laziness of the 
students to make an effort to answer the questions using English after having 
done this already once. If I had just the results of ESO I could think that it would 
not been worth to use this instrument in more sessions. Nevertheless, after 
comparing with the results of Batxillerat I would say that it was a good idea and 
that asking them more times would provide me richer results. Suprisingly, the 
tendency changes at the end in Batxillerat. After reading some of the answers I 
assume that this change is related to the motivation of the students that has 
showed to have impact on CLIL as well as CLIL on it in some studies 
(Lasagabaster and López, 2015). Perhaps having overcome the challenge of 
the oral presentation in English motivated some of the students to write the 
answers again in English as well as they did or not in previous times. Another 
interesting thing that should be noted is the fact that the students of 1st of 
Batxillerat identified their difficulties and their learning easily than in 3rd of ESO. 
This could also be related to their maturity and the cognitive development 
because of their age. 
 
Curiously, although there were not more instruments or activities were English 
was the main character, there are three productions of the students that I 
consider that are also an evidence of the research conducted. Firstly, some 
students of 3rd of ESO surprised me with their answers in one of the questions 
of the final exam of the didactic unit. The exam was in Catalan and they were 
neither asked nor encouraged to answer in English but some of the students in 
the groups G2 and G3 asked to the teacher, me or my Pràcticum colleague, if 
answering in English was also possible (see Annex 4.1). In Annex 4.2, it can be 
found some of the answers of the student of 3rd of ESO in the activity called 
Hurry up tablet! in which they were not obliged to write in English, but definitely 
were encouraged to do it. Finally, in Annex 4.3, there are the three scientific 
posters elaborated completely in English which were accompanied by the oral 
presentations entirely in English in order to achieve the best marks in that 
section of the rubric used.  
 
Despite the results obtained in the research, this investigation presents some 
limitations that could be improved in following applications which are listed 
below: 

 Firstly, regarding the pre and post-test related to content learning. These 
tests were focused just on one or some aspects of the didactic units 
implemented and not all of them or nearly all of them. While it is true that 
the concept or concepts included in both tests have been chosen 
because they were going to be studied with CLIL resources there should 
be a test which included other concepts also worked with it to ensure the 
realiability of the results obtained.  

 Secondly, regarding the fact of filling in the test by Google forms. Google 
forms presents its advantages and disadvantages. On one hand, one of 
the advantages is the ease of having all the data compiled in an Internet 
platform. This is an advantage since there is no need to be aware of 
losing any of the tests, carry them from one place to another one or 
needing to transfer all the data in Excel in order to analyse it. On the 
other hand, if the students need to fill in the tests they need to have 
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access to the Wi-Fi of the educative centre and it should be working. 
Moreover, the use of a computer and the Internet becomes another 
problem since the students can help themselves searching for the 
answers (something difficult to do) or the translations asked in the 
vocabulary test easier than having to complete it in paper. Therefore, and 
alternative could be to use tests in paper in order to ensure higher 
realiability of the results.  

 Thirdly, the idea of implementing more data collection instruments. In 
order to have more evidences and to make a deeply analysis of the 
impact of the innovation having had more instruments like classroom 
observations or the correction of activities would have been an 
advantage.  

 Fourthly, the questionnaire to analyse the self-perception of the students 
at the end of the implementation of the didactic units. It was composed of 
six questions but it could have been longer and include specific 
questions related to the content learning but, as well as for other aspects 
mentioned before, that was not possible because of the timing. 

 Fifthly, the time dedicated to the data collection. Dedicating more time to 
the data collection would be an obstacle to follow the initial timing of the 
didactic units (something very difficult to do regularly). Nevertheless, the 
readjustments of the sessions would be translated into an improvement 
in the mental dedication and concentration of the students completing the 
instruments used in the research. The students would have implicated 
more, they would not have left so many question blanks and the data 
obtained in the research would be richer. Moreover, the regulation 
questions were planned to be asked in more sessions but due to the 
difficulties to follow the timing that was not possible. It would have been 
great to have allowed the students to think the response and answer 
them, at least, in much time than the last three minutes of the lessons 
when they are eager to leave the classroom and are not thinking in this 
lesson anymore or making an effort to answer appropriately.  

 Sixthly, the answers that the students give in the questionnaires or self 
regulation questions. It is important to note that one of the limitations of 
this research is the idea, common in social studies, that the students 
tend to answer what they think the researcher expects and this fact 
affects to the results and, therefore, to the conclusions.   

 Seventhly, the CLIL resources implemented during the development of 
the didactic units. These resources could have been elaborated taking 
into account more aspects of CLIL elaboration materials. That is to say, 
modifying the activities so that the language, here focusing on 
vocabulary, was worked more deeply, like including more images, 
translations... and also providing more scaffolding, like the beginning of 
the sentences or the structure to give the answers. Perhaps the results 
obtained in the language learning part of this study could have been 
improved with these modifications.  

 Eighthly, the fact of having a control group to compare the results with 
the group with the innovation implemented. In the literature there are 
different studies which follow this methodology but the interpretation of 
the results turns out to be complicated due to the large number of 
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variables that can be found and the difficulty of reproducing the exact 
conditions in both groups, like for example the characteristics of the 
students, the educative centre or the teacher. 

 Finally, an evident proposal which encompasses the last ones indirectly 
is the fact of having done the research without a short and specific time 
to develop the didactic units, that is to say, the Pràcticum period. This 
would imply applying more English resources during a longer period of 
time, designing the pre and post-test more accurately and with more time 
to be completed considering the timing, so that the students could 
demonstrate their thinking, and implementing materials better designed 
considering CLIL aspects found in the bibliography. Furthermore, in order 
to delve into the language learning, another aspects like the 
improvement of the lexicon and the oral expression of the students could 
be studied. 

To conclude, despite the limitations found during the development of the 
research, the results obtained have allowed to see an improvement. Therefore, 
the results of this research suggest that the implementation of CLIL resources in 
the chemistry classroom turns out to be effective on both content and language 
learning. Nevertheless, to ensure this affirmaton further studies changing the 
size of the sample or the length of the innovation or applying the proposals 
mentioned should be done in order to provide more evidences.  
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Annex 1. Instruments 
 
Annex 1.1. Pre-test ESO (Content) 
 
Question 1 
Dues solucions aquoses de dues sals, nitrat de plata, AgNO3(aq) i clorur de 
sodi, NaCl(aq), es troben sobre una balança en dues provetes separades. La 
massa que indica la balança és de 83 g. S’aboca la solució de nitrat de plata, 
AgNO3(aq), sobre la de clorur de sodi, NaCl(aq), i totes dues provetes es 
mantenen a la balança. Degut a la reacció de precipitació que té lloc s’observa 
la formació d’un precipitat blanc. 

 
Quina serà la massa que es llegirà a la balança després de la reacció? 

a. 83 g. 
b. Més de 83 g. 
c. Menys de 83 g. 

Justifica la teva resposta a la pregunta anterior. 
 
Question 2 
Es va ficar un tros de fòsfor i uns mil·lilitres d’aigua a un matràs aforat. La 
massa del matràs aforat, que estava tapat amb un tap de goma, era de 360 g. 
Degut als rajos solars als quals es trobava exposat el matràs, el fòsfor es va 
incendiar produint un fum blanc que es va dissoldre lentament a l’aigua. Un cop 
el matràs aforat s’havia refredat, es va tornar a mesurar la seva massa. 

 
Quina serà la massa que es llegirà a la balança després de la reacció? 

a. 360 g. 
b. Més de 360 g. 
c. Menys de 360 g. 

Justifica la teva resposta a la pregunta anterior. 
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Annex 1.2. Post-test ESO (Content) 
 
Question 1 
Es col·loquen dues provetes amb un tap sobre una balança. A la primera hi ha 
àcid clorhídric, HCl(aq), i a la segona magnesi, Mg(s). A continuació, s’aboca el 
contingut de la primera proveta sobre la segona, es tapen immediatament i es 
col·loquen a la balança de la mateixa manera en la que es trobaven inicialment. 
La reacció redox que té lloc és la següent: 

Mg(s) + 2HCl(aq)  MgCl2(aq) + H2(g) 

 
Quina serà la massa que es llegirà a la balança després de la reacció? 

a. 123 g. 
b. Més de 123 g. 
c. Menys de 123 g. 

Justifica la teva resposta a la pregunta anterior. 
 
Question 2 
S’introdueixen uns grams de Cu(HCO3)2(s) en un tub tapat i es pesa. A 
continuació, s’escalfa el tub amb un bec bunsen i té lloc la reacció de 
descomposició següent: 

Cu(HCO3)2(s)  CuO(s) + 2CO2(g) + H2O(g) 
Un cop s’ha refredat el tub, aquest es torna a pesar i s’obté un valor de 91 g. 

 
Quina serà la massa que es llegirà a la balança abans de la reacció? 

a. 91 g. 
b. Més de 91 g. 
c. Menys de 91 g. 

Justifica la teva resposta a la pregunta anterior. 
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Annex 1.3. Pre-test Batxillerat (Content) 
 
Question 1 
Indica quina de les gràfiques següents 
representa la variació del volum d’un gas 
quan es modifica la temperatura del 
recipient, tot mantenint la pressió 
constant: 
 
Quina gràfica consideres que és 
l’adequada? 

1. A. 
2. B. 
3. C. 
4. D. 
5. E. 
6. F. 
7. Cap de les anteriors. 

 
Justifica la teva resposta a la pregunta anterior. En cas de que sigui Cap 
de les anteriors descriu com hauria de ser la gràfica. 
 
Question 2 
Es vol dissenyar un experiment per quantificar com varia el volum d’un gas 
quan es modifica la temperatura del recipient. El muntatge que s’ha pensat és 
el següent: 
 

 Quina és la variable independent de 
l'experiment? 

 Quina és la variable dependent de 
l'experiment? 

 Es podrien emprar per a prendre 
diferents mesures de l’experiment 
provetes amb diferent volum? Justifica 
la teva resposta. 

 Es podrien emprar per a prendre 
diferents mesures de l’experiment el 
mateix recipient amb una quantitat de 
gas diferent/ un volum d’aire diferent a 
dins de la proveta? Justifica la teva 
resposta. 

 Hi ha alguna/es variables que s’haurien de mantenir constants 
durant l’experiment que es vol plantejar? Justifica la teva resposta. 
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Annex 1.4. Post-test Batxillerat (Content) 
 
Question 1 
Indica quina de les gràfiques 
següents representa la variació de la 
pressió d’un gas quan es modifica la 
temperatura del recipient, tot 
mantenint el volum constant: 
 
Quina gràfica consideres que és 
l’adequada? 

1. A. 
2. B. 
3. C. 
4. D. 
5. E. 
6. F. 
7. Cap de les anteriors. 

 
Justifica la teva resposta a la pregunta anterior. En cas de que sigui Cap 
de les anteriors descriu com hauria de ser la gràfica. 
 
Question 2 
Es vol dissenyar un experiment per quantificar com varia la pressió d’un gas 
quan es modifica la temperatura del recipient. El muntatge que s’ha pensat és 
el següent: 
 

 Quina és la variable 
independent de l'experiment? 

 Quina és la variable 
dependent de l'experiment? 

 Es podrien emprar per a 
prendre diferents mesures 
del mateix experiment 
recipients de grandària 
diferent? Justifica la teva 
resposta. 

 Es podrien emprar per a 
prendre diferents mesures de 
l’experiment el mateix 
recipient amb un gas diferent 
(com l'aire)? I amb un volum de butà diferent a dins de la proveta? 
Justifica la teva resposta. 

 Hi ha alguna/es variables que s’haurien de mantenir constants 
durant l’experiment que es vol plantejar? Justifica la teva resposta. 
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Annex 1.5. Pre and post-test ESO (Language) 
 
Question 1 
Tradueix a l'anglès les següents paraules: 

 Pila 

 Ferro 

 Pastilla 

 Reactiu 

 Àrea superficial 

 
Question 2 
Translate the following words to catalan or spanish: 

 Wool 

 Graduated cylinder 

 Bleach 

 Steel 

 Beaker 
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Annex 1.6. Pre and post-test Batxillerat (Language) 
 

Question 1 
Tradueix a l'anglès les següents paraules: 

 Vas de precipitats 

 Nevera 

 Xeringa 

 Comportament 

 Manta calefactora 

 
Question 2 
Translate the following words to catalan or spanish: 

 Abstract 

 Assembly 

 Graduated cylinder 

 Sample 

 Trend line 
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Annex 1.7. Questionnaire ESO (Language self-perception) 
 
 
 

1. L’anglès m’ha dificultat la comprensió 

d’alguns conceptes científics. 

           Per què? 

Desacord D’acord 
Molt 

d’acord 

2. M’ha sigut útil fer activitats en anglès. 

           Per què? 
Desacord D’acord 

Molt 

d’acord 

3. M’agradaria fer un altre tema amb 

activitats en anglès. 

           Per què? 

Desacord D’acord 
Molt 

d’acord 

 

 

En aquestes sessions he après vocabulari... 

    Posa algun exemple 

4. Científic en anglès (Exemple: 

Beaker). 
Gens Poc Molt  

5. No científic o de la vida 

quotidiana en anglès (Exemple: 

Fridge). 

Gens Poc Molt  

6. Científic en català/castellà 

(Exemple: Pressió parcial). 
Gens Poc Molt  
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Annex 2. Teaching materials of 3rd of ESO 
 

Annex 2.1. Changes (Session 1) 
 
Transparencies of the PowerPoint projected during the session. 
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Annex 2.2. Steel wool experiment (Session 2) 

 
Introduction 
1. What is the composition of steel wool? 

The _______________ of ____________________ is _______% of ________. 
 

Experimental procedure  
2. What is the mass of the steel wool?  The mass of the steel wool is ____ g. 
 

3. Do you think the mass will vary after putting the 4.5V battery close to 
the steel wool?  

a. I think that the mass won’t vary 
b. I think that the mass will be higher. 
c. I think that the mass will be lower. 

 

4. Predicting: What happens if a 4.5V battery is put close to the steel 
wool? 
If I put a 4.5V battery close to the steel wool, then ______ will be/ won’t _____. 
 

5. What happens to the steel wool when we put the 4.5V battery close to 
it? The steel wool becomes___________________________.  
 

6. What is the mass of the steel wool after putting the 4.5V battery close to 
it? The mass of the steel wool is ____________ g. 
 

7. Which kind of phenomenon is that one: physical or chemical? The 
_____________ is ______________ . 
 

8. Complete the following table: 
 

 

Reagents 
 

Product 

___ _____ (__) + ___ _____ (__) → ___ _____ (__) 

Es llegeix: 
__ àtoms de 
______ 

reaccionen 
amb 

__ molècules d’ 
______ 

per 
formar 

__ ions de ______ i  
__ ions d’ ______ 

It is read: 
__ ______ 
atoms 

react with 
__ ______ 
molecules 

to form 
__ ______ ions and  
__ ______ ions 

And also: 
 

react with 
 

to form 
 

Mass: _____ g + _____ g = _____ g 
 

_____ g 

 
 

9. Why does the steel wool put out? 

The steel wool puts out because_____________________________________. 
 

10. How can you explain the colour and mass change? 
The colour and mass change is due to ________________________________. 
 

11. Represent the atoms and molecules in a picture: 
 

12. Which are your conclusions? 
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Annex 2.3. Hurry up tablet! (Session 4) 

 
It’s Monday morning and David has a horrible headache that hasn’t allowed him 
to sleep tonight. He can’t skip the class since he has to do an oral exposition 
with the rest of his group. He wants to take an effervescent tablet before leaving 
the house but he is considering whether he will be late or not because of the 
time lost waiting for the tablet to be dissolved. He goes to the kitchen and he 
starts thinking which way is faster for the tablet to dissolve. He fills a glass with 
cold water all the way up and puts the tablet in one piece into it. He waits until 
the tablet is gone, drinks and runs to the school. Will he be late? 
 
1. Which is the searchable question? 
 
 
2. Write your hypothesis: 
Remember: If _____[I do this] _____, then _____[this]_____ will happen. 
 
 
3. Which is the independent variable?  ______________________________. 
    Which is the dependent variable? ________________________________. 

 
4. Which variables will remain constant? ____________________________. 
 
Material: 
 Water  Effervescent tablets  Beakers 

 Graduated cylinders  Plastic glasses  Thermometers 

 Heating mantles  Chronometers  Mobile phones 
 
5. Design your experiment. Which steps will you follow? (Firstly, Secondly, 
Thirdly,…, Finally) 
 
 
 
 
6. Write your results in a table.  
 
 
 
7. Do your results coincide with your hypothesis?  
 
 
 
8. Which are your conclusions? 
 
 
 
9. Which conditions will make that David arrives as soon as possible? 
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Annex 2.4. Types of chemical reactions (Session 4) 

 
 

SYNTHESIS AND DECOMPOSITION REACTIONS 
 
Synthesis reactions are the formation of a chemical compound from elements 

or simpler compounds. The general equation of a synthesis reaction would be: 
 

A + B  C 
 

1. Considering the formation of water from oxygen and hydrogen: 
a. Write the reaction and balance it: 

 
___ ____ (__) + ___ ____ (__)   ___ ____ (__) 

 
b. This chemical equation is read... 

 
Check the following animation to understand what is happening: 
 
http://www.deciencias.net/proyectos/0cientificos/Tiger/paginas/Synthesis.html 
      
Decomposition reactions are the separation of a chemical compound into 

elements or simpler compounds. 
  

2. Write the general equation of a decompostion reaction: 
 
For example: 
 

Cu(HCO3)2  (s)  CuO (s) + 2CO2 (g) +  H2O (g) 
 
Check the following animation to understand what is happening: 
 
http://www.deciencias.net/proyectos/0cientificos/Tiger/paginas/Decomposition.h
tml 
 

3. Considering the following chemical equation: 

 
Mg (s) + O2 (g)  MgO (s) 

 
a. Which kind of reaction is it? 
b. Balance the equation and write how it would be read. 

 
4. Calcium carbonate, CaCO3 (s), is heated at high temperatures and 

calcium oxide, CaO(s), and carbon dioxide are obtained.  
a. Which kind of reaction is it? 
b. Write the chemical equation and balance it. 

 
 

Unit 6: Pages 86-87 

http://www.deciencias.net/proyectos/0cientificos/Tiger/paginas/Synthesis.html
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Chemical_element
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PRECIPITATION REACTIONS 
 

When an aqueous solution of sodium chloride (NaCl) is added to a solution of 
silver nitrate (AgNO3) we can see the formation of an insoluble solid called the 
precipitate. This solid is silver chloride (AgCl) and the aqueous solution is due to 
the sodium nitrate (NaNO3). 
 

silver nitrate (aq) + sodium chloride (aq)  silver chloride (s) + sodium nitrate (aq) 
 

AgNO3(aq)  + NaCl(aq)  AgCl(s) + NaNO3(aq) 
 
 
 
 
 
 

 
 
 
 
 
 
 
Like in this case, sometimes when we mix solutions of soluble salts we obtain 
an insoluble salt that precipitates. In this reaction a double replacement or ion 
exchange between the ions silver (Ag+) and sodium (Na+) has happened. 

AB + CD  AD + CB 
 

The ionic equation of the reaction is: 
Ag+(aq) + NO3

-(aq) + Na+(aq) + Cl-(aq)  AgCl(s) + Na+(aq) + NO3
-(aq) 

 
If we don’t include the spectator ions, the net ionic equation is: 

Ag+(aq) + Cl-(aq)  AgCl(s) 
 

The reactions in solution in which one of the products is an insoluble solid, 
which precipitates, are called precipitation reactions. 
 

The lead (II) iodide (PbI2) is an insoluble yellow salt that can be obtained 
by mixing a solution of lead (II) nitrate (PbNO3)2 and a solution of 
potassium iodide (KI). At the end of the reaction, in solution there is the 
potassium nitrate (KNO3). 

1. Write the reaction in the two forms showed above and balance the 
chemical reaction. 

2. What do you think would happen if we separate the precipitate of 
PbI2(s) and evaporate the solution? 

3. Knowing that the ions are: Pb2+(aq), NO3
-(aq), K

+(aq) + I-(aq), write 
the ionic equation and the net ionic equation of the reaction. 

4. Draw the model with balls as showed in the picture using different 
colours. 

Unit 9: Page 141 
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ACID-BASE REACTIONS 
 

There are aqueous solutions of some substances that have sour flavour like 
vinegar, lemon or tomato juice. These are called acids and they are able to 
dissolve metals like zinc (Zn) with the emission of bubbles of  hydrogen (H2). 
However, there are solutions of some substances that have bitter flavour like 
ammonia (NH3) or bleach (NaClO) which are known as bases. 
It would be dangerous to taste all the solutions to know if they are acids or 
bases and not all of them have the same acidity or basicity. That’s why there is 
a numeric scale (between 0-14) to measure the acidity of the substances called 
pH scale. 
  
 
 
 
 
  
  
 
 

1. Complete the sentences: 
a. The substances with a pH between 0 and 7 are: ___________. 
b. The substances with a pH of 7 are: _____________. 
c. The substances with a pH between 7 and 14 are: __________. 

 
For measuring the pH of a solution the universal indicator can be used. The 
universal indicator is composed by a mixture of indicators that vary their colour 
gradually according to the variation of pH. It can be found as a solution or as 
strips. The strips are put into the solution and after letting them dry the colour of 
the strip can be compared with the colour of the scale so that the pH of the 
solution can be known. 
When an acid and a base are mixed the reaction is called neutralization 
reaction. For example, when a solution of sodium hydroxide (NaOH) is added to 
a solution of hydrochloric acid (HCl) the products are sodium chloride (NaCl) 
and water as showed below: 
 

HCl(aq)  + NaOH(aq)  NaCl(aq) + H2O(l) 
 

2. What do you think would happen if we evaporate the liquid of the 
solution at the end of the reaction? 
 

Generally, neutralization reactions can be introduced like this: 
 

acid + base  salt + water 
 

3. Nitric acid (HNO3) reacts with aluminium hydroxide Al(OH)3 to form 
aluminium nitrate Al(NO3)3 and water.  

a. Write the chemical equation and balance it. 
b. Identify the acid, the base and the salt. 

Unit 9: Pages 142-143 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 45 
 

OXIDATION – REDUCTION REACTIONS (REDOX) 
 

We can define an oxidation reaction as the reaction where a substance is 
combined with oxygen. Therefore, we understand oxidation as gaining of 
oxygen. Moreover, when this reaction generates heat and light we call them 
combustion. Since combustions generate energy we say that they are 
exothermic reactions. 
An example of a combustion reaction is the oxidation of carbon (C): 
 

C(s) + O2(g)  CO2(g) 
 

The opposite process is the reduction, understanding reduction as the oxygen 
loss. For example, the obtaining of a metal from its oxide: 
 

CuO(s) + H2(g)  Cu(s) + H2O(g) 
 

The reduction of the oxide (CuO) implicates the oxidation of hydrogen (H2). So, 
at the same time that a reduction takes place there is always an oxidation 
reaction. That is why we call them oxidation-reduction or redox reactions. 
 

1. Ethane (C2H6) reacts with oxygen to form carbon dioxide and 
water.  

a. Write the chemical equation and balance it. 
b. Identify, justifying your answer, who is oxidized. 

 
 
 
 

Unit 9: Page 144 
 
 
Adapted from: 

 Caamaño, A., Obach, D,. i Pérez, E. (2007). Física i Química. Ciències 
de la naturalesa 3 ESO. Barcelona: Editorial Teide.  

 Departament d’Edicions Educatives de Grup Promotor / Santillana 
Educación, SL. (2015). 3 ESO Física i Química AVANÇA. Barcelona: 
Santillana GRUP PROMOTOR.  
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Annex 2.5. Contexts of the scientific divulgation product 
project (Session 4) 

 
Injury and hydrogen peroxide (H2O2) 
Last Tuesday the students of 1st of Batxillerat were racing in the physical 
education class. David and Óscar were fighting for the victory when, suddenly, 
David stepped on his own untied shoelaces and fell down. He hit his knee with 
the floor which started bleeding a lot. Óscar stopped running the race and told 
him: “You should wash your injury and put hydrogen peroxide before it becomes 
infected”. Why do you think that is useful? 
 
Vinegar (CH3COOH) and bones (CaCO3) 
In the biology class, the students of 1st of ESO are talking about bones: their 
situation in the body, their composition… The teacher has asked them to do and 
experiment at home to see what happens when vinegar is added to chicken 
bones and left for some hours. What do you think it will happen and why? 
 
Breathalyzer 
On Monday the students of 1st of Batxillerat went to a museum in Girona by bus. 
They spent more hours travelling since on their way the police was carrying out 
an alcohol check on the motorway. The police was going to stop the car that 
was driving before the bus and the guy drove faster in order to escape from the 
police. That’s why the motorway closed and everybody had to wait until the 
police catched him. What do you think the police could have detected in the 
alcohol check? 
 
Salfuman (HCl) and ammonia (NH3) 

The school organises a party with all the teachers, parents and students to 
celebrate that the second trimester is coming to an end. For that they need to 
have everything perfect so that the parents have a good impression of the 
school. Some cleaning persons have decided to mix two cleaning products: 
salfuman and ammonia, because they think that if they use both at the same 
time the floors will be cleaner than normal. The chemistry teacher has told them 
not to do it. Why do you think he has said that? 
 
Bleach (NaClO) and Acetone (C3H6O) 

Last Tuesday two girls from the class of 2nd of ESO were painting their nails 
between two lessons. The maths teacher told them to stop doing that and to 
take the nail polish off their hands. They went to the toilet with their bottle of 
acetone and they found one person of the cleaning staff there who was washing 
the floor. Since they were laughing and not paying attention to anything they 
dropped the open bottle of acetone into the bucket with bleach for mopping the 
floor so the situation became worse. What do you think happened? 
 
Antacid and acids in the stomach 
The students of 2nd of Batxillerat have had their graduation today. The dinner 
was delicious but some of them have eaten too much food and they don’t feel 
very well after that. They have asked the teacher what they could take because 
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they want to keep dancing at the party. The teacher gave them an antacid. How 
can this medicine help them? 
 
Salfuman (HCl) and bleach (NaClO). 

The mayor of Bellvitge is coming to the school for lunch on Monday. The 
director has said that he wants the kitchen and dining room very clean for his 
visit. The staff of the kitchen has been discussing for fifteen minutes whether 
they should mix salfuman and bleach to achieve better results or not. One of 
them, whose son is studying chemistry, has told them not to do it because his 
son always tells him: “Do not mix different cleaning products”. What would you 
do? 
 
Heat pack/ Hand Warmer 
Maria was arriving late to the class in her first day at Institut Europa. She rang 
the doorbell outside the high school and entered into it. After speaking to her 
new tutor she went alone upstairs to find her class. Since she was very nervous 
she slipped on the stairs, hurt her hand and started crying. The Catalan teacher 
came across her and brought her a Hand Warmer to alleviate her pain. The 
teacher hit the pack and it became hot. How could it become hot? What was 
inside that plastic bag? 
 
Airbag 

On Saturday afternoon one of the students of 2nd of Batxillerat was going to visit 
his grandad driving his car. He stopped the car when he saw the red light of the 
traffic light and the car behind him hit his car because he was paying attention 
to his mobile phone instead of looking to the road. Luckily, the airbag triggered 
just in time and the student came out of the accident uninjured. How do you 
think the airbag triggered so fast? 
 
Bleach (NaClO) and ammonia (NH3) 

The chemistry teacher had to leave the classroom in the middle of an 
experiment with ammonia with the students of 3rd of ESO. Two of them started 
to look through all the cupboards of the chemical products who know why. They 
dropped bleach into the glass with ammonia by accident. The teacher appeared 
just at that point and told the students to leave the classroom immediately. Why 
do you think he ordered that? 
 
Vinegar (CH3COOH) and baking soda (NaHCO3) 

The class of geology of 1st of ESO has been asked to design a miniature of a 
volcano. The students want to make it realistic so they have thought of including 
a simulation of the volcano eruption. Elise has seen a post on facebook about 
using vinegar and baking soda for doing that. Do you think it is a good idea? 
 
Iron (Fe) and water vapour (H2O) 

It’s breakfast time and the students of Institut Europa are at the playground. 
Three students of 3rd of ESO are playing a “twenty-one” using one of the hoops 
and a basketball that the physical education teacher has given to them. To 
make a joke one of them tries to hang on the hoop when it breaks and falls with 
him. His classmates come to see if he is alright and start wondering, how could 
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the hoop break if it is made of iron? Has the water of the rain something to do 
with it? 
 
Salfuman (HCl) and Aluminium foil (Al) 

Last Friday afternoon, some students of 2nd of ESO wanted to make a joke to 
another friend and they prepared a homemade bomb with salfuman and 
aluminium foil. They have watched a video in youtube about that but they didn’t 
know how dangerous that idea was until they end at hospital with their parents. 
Luckily, they will be ok in a few days. What did they want to do mixing that? 
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Annex 3. Teaching materials of 1st of Batxillerat 
 
Annex 3.1. Introduction of Motos a gas! (Session 1) 
 

Spain strengthens infrastructure for natural gas powered 
vehicles 

October 31, 2015 
NGVA Europe 

 

Recent data shows that Spain accounts for over 4,000 vehicles running on 
natural gas, some 320 units more than the year before (+ 7,5%). In terms of 
fueling infrastructure, there are 90 natural gas stations, 39 of them open to the 
public. A big part of the country’s heavy-duty natural gas trucks is operated by 
municipal services in the big cities. The entire garbage collection of Barcelona 
for instance, around 470 vehicles, is running on CNG. Moreover, large parts of 
the city’s municipal bus fleet are powered by CNG as well, making up for almost 
800 units, 40% of the city’s 2.000 buses in total. 
This large scale use of gas-powered buses and trucks has saved fuel costs, as 
driving with natural gas in Spain allows for savings of almost 50% compared to 
gasoline, and over 30% compared to diesel. Besides, NGV adoption has also 
lowered emissions of nitrogen oxide, sulphur oxide and particles and reduced 
levels of greenhouse gases and noise. This situation has become a great 
opportunity to develop new gas engines and has encouraged lots of big and 
entrepreneur businesses to work on this idea.  
Natural gas is transported as a liquid at atmospheric pressure and -162ºC. For 
that reason, so that it can be transported its volume has to be reduced in 600 
times to be transported in tank ships called LNG carriers. Gas Natural Fenosa 
announced this month that it will build eight new LNG stations within the next 
two years. If results are positive, the construction of additional nine stations is 
foreseen for 2019-2010. 
In addition, Seat, Volkswagen-Audi Spain and Madrileña Red de Gas have 
recently signed a deal to boost the use of NGVs whilst expanding the necessary 
infrastructure. Regarding incentives, the Spanish Government has recently 
announced the new PIMA Aire 4 Plan that for the first time will include, in a 
separate budget, vehicles using natural gas. 
 
Adapted from: 

 NGVA Europe (2014). Spain strengthens infrastructure for natural gas 
powered vehicles. NGV journal. Retrieved February 20, 2016, from: 
http://www.ngvjournal.com/spain-strengthens-infrastructure-for-natural-
gas-powered-vehicles  

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 

 
Video 1: Kinetic Molecular Theory of Matter. Retrieved January 26, 2016, from: 

https://www.youtube.com/watch?v=N9OL6AwyM5I 
Video 2: The Kinetic Theory, GCSE Physics, Doodle Science. Retrieved 

January 26, 2016, from: https://www.youtube.com/watch?v=8bGYV6ypP5o  

http://www.ngvjournal.com/spain-gnf-plans-to-build-17-lng-stations-for-hdvs-in-two-phases/
http://www.ngvjournal.com/spain-gnf-plans-to-build-17-lng-stations-for-hdvs-in-two-phases/
http://www.ngvjournal.com/seat-and-vw-audi-unveils-ngv-plan-to-deploy-vehicles-and-stations/
https://www.youtube.com/watch?v=N9OL6AwyM5I
https://www.youtube.com/watch?v=8bGYV6ypP5o
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Annex 3.2. Experiment 1 – Documents for teachers 
(Session 2) 

 
Experimental determination of the relationship between volume and 

temperature at constant pressure 
 
Objectives 

 Prove that the volume occupied by a determinate quantity of gas 
depends on the temperature. 

 Find by extrapolation the lowest temperature possible for a gas to cool 
down. 

 
Introduction 
The variables that allow us to describe the behaviour of gases are pressure, 
volume, temperature and quantity of gas.  Before starting with the experiment, 
answer the following questions: 

a. Which units will we use to measure them? 
 Temperature (ºC) and volume (mL). 

b. What are the independent and dependent variables of this experiment? 
Independent variable: temperature (ºC), dependent variable: volume 
(mL). 

c. What are the magnitudes that will remain invariable? 
 Quantity of gas and pressure. 

d. How do we control that they remain invariable? 
The quantity of gas won’t vary because of the water contained in the 
graduated cylinder that doesn’t allow the air to get in or out of it. The 
pressure on the air contained in the graduated cylinder depends on the 
water around it, which is why the pressure remains constant during the 
experiment. 

e. What is your hypothesis? 
If temperature increases, then volume will increase.  

f. Could you make a prediction of the graphical representation of both 
variables? 
 

Material and equipment 

 Graduated cylinder (10 mL) 
 Beaker (250 mL) 
 Thermometer (0 –100 ºC) 
 Stand 

 Holder and clamp 
 Heating mantle 
 Computer 
 Sample: Air 

 
Procedure 
 
Assembly  

1. Fill the beaker with cold water from the fridge (nearly full) and place it on 
top of the heating mantle.  

2. Fill the graduated cylinder with cold water from the fridge until 8 mL. 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 51 
 

3. Introduce the full graduated cylinder upside down 
carefully inside the full beaker (covering it with one 
finger). There should be air inside the graduated 
cylinder occupying 5 mL approximately. 

4. Place it in the middle of the beaker so that it 
remains straight. 

5. Introduce the thermometer in the beaker, without 
destabilizing the graduated cylinder, by holding it 
with the holder, the clamp and the stand placed 
beside the heating mantle (as showed in the 
picture). 

 
Execution of the experiment 

6. Write down the volume of the air contained in the 
graduated cylinder before switching on the heating 
mantle. 

7. Switch on the heating mantle at a medium level and write down the 
volume of air for each temperature of the thermometer every 5ºC 
approximately. 

 
Notes 

 Remember that the graduated cylinder is upside down when you read 
the numbers. 

 
Data Analysis 

1. Create a Google sheet in a Google Drive folder shared with your 
partners. 

2. Build the following data table: 

 
Apart from the air contained inside the graduated cylinder, there is also some 
water vapour. When temperature increases more water is evaporating. Then, 
inside the graduated cylinder there is a mixture of air and water vapour. In order 
to study firmly the relationship between volume and temperature it is necessary 
to establish the following correction: Vtotal= Vair + Vwater vapour → Vair = 
Vtotal - Vwater vapour. 
(Where Vtotal is the volume read in the graduated cylinder, Vair is the volume of 
air that has to be considered and Vwater vapour is the volume that the water 
vapour would occupy inside the graduated cylinder if there was only water in 
vapour state). 
To carry out the data analysis, the value of the atmospheric pressure and the 
value of the water vapour pressure at different temperatures are needed, since 
the volume occupied by the water vapour depends on the pressure applied by it 
inside the graduated cylinder. 
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3. Introduce the data obtained during the procedure and calculate the 
Volume of air (mL). 

4. Make a graph where x is the Temperature (ºC) and y the Volume of air 
(mL).  

5. Obtain the trend line by linear regression to prove that both variables are 
directly proportional and compare this graph with your prediction. 

 
What would it happen if we decrease the temperature instead?  
The apparent assumption is that the volume of gas would decrease but what 
would the limit be? When the time had come, the gas would liquefy and later, 
probably solidify. If the line obtained in the graphic is extrapolated (prolonged 
further than the experimental values) an intersection point with x-axis would be 
found. That cut-off point would correspond to the temperature in which the gas 
would occupy a supposed volume zero. The value of that temperature is called 
the absolute zero temperature. The minimum limit of the volume would be 0 and 
there it comes the lowest temperature possible. 

 
6. Extrapolate your line to find the temperature when the volume of air is 0. 

Does this result coincide with the number expected? What mistakes did 
you make? 

 
Charles and Gay-Lussac equation 
At the beginning of the nineteenth century, both french physics did similar 
experiments to that one  with different gases maintaining the pressure constant. 
Finally, they arrived to the conclusion that there was a directly proportional 
relationship between the temperature of a gas and the volume that it occupies. 
After knowing those results, W. Thomson, an english physic (with the nobility 
title of Lord Kelvin), proposed to establish the value: 273,15, as the origin of the 
scale of temperatures. The x-axis can be translated to the point -273,15 so that 
the line obtained passes the origin of the coordinates having the following 
equation: V= ct. * T. 
 

7. Calculate the quotient of Vair (mL) and T (K) and check if the number 
obtained remains constant with every measurement. 

 
Conclusions 

8. Which conclusions have you reached after performing this experiment? 
9. What would you recommend to the students for the design of their gas 

engine? 
 

Adapted from: 

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 

 

 

 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 53 
 

ANNEX : Data table - Vapor pressure of water at different temperatures 
 

T (ºC) Pv (mm Hg) PV (Pa) 
 

T (ºC) Pv (mm Hg) PV (Pa) 

10 9,209 1227,5 
 

46 75,65 10083,3 

11 9,844 1312,1 
 

47 79,60 10609,8 

12 10,52 1402,2 
 

48 83,71 11157,7 

13 11,23 1496,8 
 

49 88,02 11732,1 

14 11,99 1598,1 
 

50 92,51 12330,6 

15 12,79 1704,8 
 

51 97,20 12955,7 

16 13,63 1816,7 
 

52 102,09 13607,5 

17 14,53 1936,7 
 

53 107,20 14288,6 

18 15,48 2063,3 
 

54 112,51 14996,4 

19 16,48 2196,6 
 

55 118,04 15733,5 

20 17,54 2337,9 
 

56 123,80 16501,2 

21 18,65 2485,8 
 

57 129,82 17303,6 

22 19,83 2643,1 
 

58 136,08 18138,0 

23 21,07 2808,4 
 

59 142,60 19007,1 

24 22,38 2983,0 
 

60 149,38 19910,8 

25 23,76 3167,0 
 

61 156,43 20850,5 

26 25,21 3360,2 
 

62 163,77 21828,8 

27 26,74 3564,2 
 

63 171,38 22843,2 

28 28,35 3778,8 
 

64 179,31 23900,1 

29 30,04 4004,0 
 

65 187,54 24997,1 

30 31,82 4241,3 
 

66 196,09 26136,7 

31 33,70 4491,9 
 

67 204,96 27319,0 

32 35,66 4753,1 
 

68 214,17 28546,6 

33 37,73 5029,0 
 

69 223,73 29820,9 

34 39,90 5318,3 
 

70 233,71 31151,1 

35 42,18 5622,2 
 

71 243,91 32510,6 

36 44,56 5939,4 
 

72 254,61 33936,8 

37 47,07 6273,9 
 

73 265,71 35416,3 

38 49,69 6623,2 
 

74 277,21 36949,2 

39 52,44 6989,7 
 

75 289,11 38535,3 

40 55,32 7373,6 
 

76 301,41 40174,8 

41 58,34 7776,1 
 

77 314,11 41867,6 

42 61,50 8197,3 
 

78 327,31 43627,0 

43 64,80 8637,2 
 

79 341,01 45453,0 

44 68,26 9098,3 
 

80 355,1 47331,1 

45 71,88 9580,8 
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Annex 3.3. Experiment 1 – Documents for students 
(Session 2) 
 

Experimental determination of the relationship between volume and 
temperature at constant pressure 

 
Objectives 

 Prove that the volume occupied by a determinate quantity of gas 
depends on the temperature. 

 Find by extrapolation the lowest temperature possible for a gas to cool 
down. 

 
Introduction 
The variables that allow us to describe the behaviour of gases are pressure, 
volume, temperature and quantity of gas.   
Before starting with the experiment, answer the following questions: 

a. Which units will we use to measure them? 
  

b. What are the independent and dependent variables of this experiment? 
 

c. What are the magnitudes that will remain invariable? 
  

d. How do we control that they remain invariable? 
 
 

e. What is your hypothesis? 
 

f. Could you make a prediction of the graphical representation of both 
variables? 
 

Material and equipment 

 Graduated cylinder (10 mL) 
 Beaker (250 mL) 
 Thermometer (0 –100 ºC) 
 Stand 

 Holder and clamp 
 Heating mantle 
 Computer 
 Sample: Air 

 
Procedure 
 
Assembly  

1. Fill the beaker with cold water from the fridge (nearly full) and place it on 
top of the heating mantle.  

2. Fill the graduated cylinder with cold water from the fridge until 8 mL. 
3. Introduce the full graduated cylinder upside down carefully inside the full 

beaker (covering it with one finger). There should be air inside the 
graduated cylinder occupying 5 mL approximately. 

4. Place it in the middle of the beaker so that it remains straight. 
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5. Introduce the thermometer in the beaker, without 
destabilizing the graduated cylinder, by holding it 
with the holder, the clamp and the stand placed 
beside the heating mantle (as showed in the 
picture). 

 
Execution of the experiment 

6. Write down the volume of the air contained in the 
graduated cylinder before switching on the heating 
mantle. 

7. Switch on the heating mantle at a medium level and 
write down the volume of air for each temperature of 
the thermometer every 5ºC approximately. 

 
Notes 

 Remember that the graduated cylinder is upside 
down when you read the numbers. 

 
Data Analysis 

1. Create a Google sheet in a Google Drive folder shared with your 
partners. 

2. Build the following data table: 

 
3. Introduce the data obtained during the procedure and calculate the 

Volume of air (mL). 
4. Make a graph where x is the Temperature (ºC) and y the Volume of air 

(mL).  
5. Obtain the trend line by linear regression to prove that both variables are 

directly proportional and compare this graph with your prediction. 
6. Extrapolate your line to find the temperature when the volume of air is 0. 

Does this result coincide with the number expected? What mistakes did 
you make? 

7. Calculate the quotient of Vair (mL) and T (K) and check if the number 
obtained remains constant with every measurement. 

 
Conclusions 

8. Which conclusions have you reached after performing this experiment? 
9. What would you recommend to the students for the design of their gas 

engine? 
 

Adapted from: 

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 
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ANNEX : Data table - Vapor pressure of water at different temperatures 

T (ºC) Pv (mm Hg) PV (Pa) 
 

T (ºC) Pv (mm Hg) PV (Pa) 

10 9,209 1227,5 
 

46 75,65 10083,3 

11 9,844 1312,1 
 

47 79,60 10609,8 

12 10,52 1402,2 
 

48 83,71 11157,7 

13 11,23 1496,8 
 

49 88,02 11732,1 

14 11,99 1598,1 
 

50 92,51 12330,6 

15 12,79 1704,8 
 

51 97,20 12955,7 

16 13,63 1816,7 
 

52 102,09 13607,5 

17 14,53 1936,7 
 

53 107,20 14288,6 

18 15,48 2063,3 
 

54 112,51 14996,4 

19 16,48 2196,6 
 

55 118,04 15733,5 

20 17,54 2337,9 
 

56 123,80 16501,2 

21 18,65 2485,8 
 

57 129,82 17303,6 

22 19,83 2643,1 
 

58 136,08 18138,0 

23 21,07 2808,4 
 

59 142,60 19007,1 

24 22,38 2983,0 
 

60 149,38 19910,8 

25 23,76 3167,0 
 

61 156,43 20850,5 

26 25,21 3360,2 
 

62 163,77 21828,8 

27 26,74 3564,2 
 

63 171,38 22843,2 

28 28,35 3778,8 
 

64 179,31 23900,1 

29 30,04 4004,0 
 

65 187,54 24997,1 

30 31,82 4241,3 
 

66 196,09 26136,7 

31 33,70 4491,9 
 

67 204,96 27319,0 

32 35,66 4753,1 
 

68 214,17 28546,6 

33 37,73 5029,0 
 

69 223,73 29820,9 

34 39,90 5318,3 
 

70 233,71 31151,1 

35 42,18 5622,2 
 

71 243,91 32510,6 

36 44,56 5939,4 
 

72 254,61 33936,8 

37 47,07 6273,9 
 

73 265,71 35416,3 

38 49,69 6623,2 
 

74 277,21 36949,2 

39 52,44 6989,7 
 

75 289,11 38535,3 

40 55,32 7373,6 
 

76 301,41 40174,8 

41 58,34 7776,1 
 

77 314,11 41867,6 

42 61,50 8197,3 
 

78 327,31 43627,0 

43 64,80 8637,2 
 

79 341,01 45453,0 

44 68,26 9098,3 
 

80 355,1 47331,1 

45 71,88 9580,8 
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Annex 3.4. Experiment 2 – Documents for teachers 

(Session 4) 

 
Experimental determination of the relationship between pressure and 

temperature at constant volume 
 
Objectives 

● Study how pressure of gases varies with temperature when volume and 
gas quantity remain constant. 

● Determinate the value of the absolute zero temperature. 
 
Introduction 
The variables that allow us to describe the behaviour of gases are pressure, 
volume, temperature and quantity of gas.   
Before starting with the experiment, answer the following questions: 

a. Which units will we use to measure them? 
Pressure (kPa) and temperature (ºC).  

     b.   What are the independent and dependent variables of this experiment? 
Independent variable: temperature (ºC), dependent variable: pressure 
(kPa). 

    c.    What are the magnitudes that will remain invariable? 
Quantity of gas and volume. 

    d.   How do we control that they remain invariable? 
The quantity of gas won’t vary because of the rubber stopper that doesn’t 
allow the air to get in or out of the erlenmeyer flask. The volume of the air 
contained in the erlenmeyer flask won’t vary because of the inflexible 
material with which it is build (Pyrex). 

    e.   What is your hypothesis? 
If temperature increases, then pressure will increase.  

f. Could you make a prediction of the graphical representation of both 
variables? 
 

Material and equipment 

 Erlenmeyer flask 
(100 mL) 

 Rubber stopper 
 Beaker (250 mL) 
 Stand 
 Holders and clamps 
 Heating mantle 

 Interface MultiLogPro 
 Pressure sensor (range: 0 a 700 kPa) 
 Temperature sensor (range: -25 ºC a 110 

ºC) and/or thermometer (0 –100 ºC) 
 Computer 
 Sample: Air 

 
Procedure 
 
Assembly 

1. Fill the beaker with cold water from the fridge (nearly full) and place it on 
top of the heating mantle. 
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2. Put the rubber stopper on top of the Erlenmeyer flask carefully and drill it 
with the needle of the pressure sensor.   

3. Put the Erlenmeyer flask into the full beaker and hold it 
with a holder, a clamp and a stand placed beside the 
heating mantle (as showed in the picture). 

4. Put the thermometer into the beaker, by holding it with a 
holder, a clamp and the stand. 

5. (And/Or instead of step 4) Put the temperature sensor 
into the beaker so that it touches the surface of the 
Erlenmeyer flask. 

6. Connect the pressure and the temperature sensor to the 
MultiLogPro interface and switch it on.  

 
Execution of the experiment 

7. Write down the temperature and the pressure before 
switching on the heating mantle. 

8. Switch on the heating mantle at a medium level and write down the 
pressure of the air contained in the Erlenmeyer flask for each 
temperature of the thermometer/MultiLogPro interface every 2ºC 
approximately. 

 
Data Analysis 

1. Create a Google sheet in a Google Drive folder shared with your 
partners. 

2. Build the following data table: 
  
  
  
 

  

3. Introduce the data obtained during the procedure. 
4. Make a graph where x is the Temperature (ºC) and y the Pressure (kPa). 
5. Obtain the trend line by linear regression to prove that both variables are 

directly proportional and compare this graph with your prediction. 
6. Extrapolate your line to find the temperature when the volume of air is 0. 

Does this result coincide with the number expected? What mistakes did 
you make? 

7. Calculate the quotient of Pair (kPa) and T (K) and check if the number 
obtained remains constant with every measurement. 

 
Conclusions 

8. Which conclusions have you reached after performing this experiment? 
9. What would you recommend to the students for the design of their gas 

engine? 
Adapted from: 

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 
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Annex 3.5. Experiment 2 – Documents for students 
(Session 4) 
 

Experimental determination of the relationship between pressure and 
temperature at constant volume 

 
Objectives 

●  
●  

 
Introduction 
The variables that allow us to describe the behaviour of gases are pressure, 
volume, temperature and quantity of gas.   
Before starting with the experiment, answer the following questions: 
    a.   Which units will we use to measure them? 
 
     b.   What are the independent and dependent variables of this experiment? 
 
    c.   What are the magnitudes that will remain invariable? 
 
    d.   How do we control that they remain invariable? 
 
 

e.  What is your hypothesis? 
 
 

f.  Could you make a prediction of the graphical representation of both  
variables? 

 
 

Material and equipment 

 Erlenmeyer flask 
(100 mL) 

 Rubber stopper 
 Beaker (250 mL) 
 Stand 
 Holders and clamps 
 Heating mantle 

 Interface MultiLogPro 
 Pressure sensor (range: 0 a 700 kPa) 
 Temperature sensor (range: -25 ºC a 110 

ºC) and/or thermometer (0 –100 ºC) 
 Computer 
 Sample: Air 

 
Procedure 
 
Assembly 

1. Fill the beaker with cold water from the fridge (nearly full) and place it on 
top of the heating mantle. 

2. Put the rubber stopper on top of the Erlenmeyer flask carefully and drill it 
with the needle of the pressure sensor.   
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3. Put the Erlenmeyer flask into the full beaker and 
hold it with a holder, a clamp and a stand placed 
beside the heating mantle (as showed in the 
picture). 

4. Put the thermometer into the beaker, by holding it 
with a holder, a clamp and the stand. 

5. (And/Or instead of step 4) Put the temperature 
sensor into the beaker so that it touches the 
surface of the Erlenmeyer flask. 

6. Connect the pressure and the temperature sensor 
to the MultiLogPro interface and switch it on.  

 
Execution of the experiment 

7. Write down the temperature and the pressure 
before switching on the heating mantle. 

8. Switch on the heating mantle at a medium level and write down the 
pressure of the air contained in the Erlenmeyer flask for each 
temperature of the thermometer/MultiLogPro interface every 2ºC 
approximately. 

 
Data Analysis 

10. Create a Google sheet in a Google Drive folder shared with your 
partners. 

11. Build the following data table: 
  
  
  
 

  

12. Introduce the data obtained during the procedure. 
13. Make a graph where x is the Temperature (ºC) and y the Pressure (kPa). 
14. Obtain the trend line by linear regression to prove that both variables are 

directly proportional and compare this graph with your prediction. 
15. Extrapolate your line to find the temperature when the volume of air is 0. 

Does this result coincide with the number expected? What mistakes did 
you make? 

16. Calculate the quotient of Pair (kPa) and T (K) and check if the number 
obtained remains constant with every measurement. 

 
Conclusions 

17. Which conclusions have you reached after performing this experiment? 
18. What would you recommend to the students for the design of their gas 

engine? 
 
Adapted from: 

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 
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Annex 3.6. Experiment 3 – Documents for teachers 
(Session 5) 
 
Experimental determination of the relationship between pressure and volume at 

constant temperature 
 
Objective 

● Study the relationship between the pressure and the volume occupied by 
a determinate quantity of gas contained in a closed recipient at constant 
temperature. 

 
Introduction 
The variables that allow us to describe the behaviour of gases are pressure, 
volume, temperature and quantity of gas.   
Before starting with the experiment, answer the following questions: 

a. Which units will we use to measure them? 
 Pressure (kPa) and volume (mL). 
     b.   What are the independent and dependent variables of this experiment? 
 Independent variable: volume (mL), dependent variable: pressure (kPa). 
    c.   What are the magnitudes that will remain invariable? 
 Quantity of gas and temperature. 
    d.   How do we control that they remain invariable? 

The quantity of gas won’t vary since the air inside the syringe won’t be 
able to get out of it or more air won’t be able to get in of it because of the 
plunger and the pressure sensor. Temperature won’t vary during the 
experiment because we will consider the room temperature.  

    e.   What is your hypothesis? 
 If volume decreases, then pressure will increase.  

f.   Could you make a prediction of the graphical representation of both 
 variables? 

 
Material and equipment 

● Plastic syringe (60 mL) 
● Computer 

● Interface MultiLogPro 
● Pressure sensor (range: 0 a 700 kPa) 
● Sample: Air 

Procedure 
 
Assembly 

1. Pull back the plunger of the syringe until 60 mL. 
2. Connect the end of the syringe with the pressure 

sensor (as showed in the picture). 
 
Execution of the experiment 

3. Write down the pressure of the air contained in 
the syringe at 60 mL. 

4. Push the plunger 1 mL and write down the 
pressure given by the MultiLogPro Interface. 

5. Keep pushing and writing down the pressure every 1 mL until 40 mL. 
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Notes 
● Notice that you need to hold tighter the plunger when you reduce the 

volume so that it doesn’t pull back on its own. 
 
Data Analysis 

1. Create a Google sheet in a Google Drive folder shared with your 
partners. 

2. Build the following data table: 
 
 
 
 
 
 
 
 

3. Introduce the data obtained during the procedure. 
4. Make a graph where x is the Volume (mL) and y the Pressure of air 

(kPa). 
5. Obtain the trend line by exponential regression to prove that both 

variables are indirectly proportional and compare this graph with your 
prediction. 

6. Calculate the product of Vair (mL) and Pair (kPa) and check if the 
number obtained remains constant with every measurement.  
 

Conclusions 
7.  Which conclusions have you reached after performing this experiment? 
8. What would you recommend to the students for the design of their gas 

engine? 
 
 
Adapted from: 

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 
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Annex 3.7. Experiment 3 – Documents for students 
(Session 5) 
 
Experimental determination of the relationship between pressure and volume at 

constant temperature 
 
Objective 

  
 
Introduction 
The variables that allow us to describe the behaviour of gases are pressure, 
volume, temperature and quantity of gas.   
Before starting with the experiment, answer the following questions: 
    a.   Which units will we use to measure them? 
  
     b.   What are the independent and dependent variables of this experiment? 
  
    c.   What are the magnitudes that will remain invariable? 
  

d. How do we control that they remain invariable? 
 

    e.   What is your hypothesis? 
   

f.   Could you make a prediction of the graphical representation of both 
 variables? 

 
Material and equipment 

● Plastic syringe (60 mL) 
● Computer 

● Interface MultiLogPro 
● Pressure sensor (range: 0 a 700 kPa) 
● Sample: Air 

Dessign the procedure 
 
Data Analysis 

1. Create a Google sheet in a Google Drive folder shared with your partners. 
2. Build the following data table: 

 
 
 
 
 
 
 
 

3. Introduce the data obtained during the procedure. 
4. Make a graph where x is the Volume (mL) and y the Pressure of air (kPa). 
5. Obtain the trend line by exponential regression to prove that both 
variables are indirectly proportional and compare this graph with your 
prediction. 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 64 
 

6. Calculate the product of Vair (mL) and Pair (kPa) and check if the 
number obtained remains constant with every measurement.  
 

Conclusions 
7.  Which conclusions have you reached after performing this experiment? 
8. What would you recommend to the students for the design of their gas 

engine? 
 
 
Adapted from: 

 Grup de treball de Química en context al Batxillerat del CESIRE-CDEC 
(2011). Unitat 2 - El futur del Petroli. Retrieved February 28, 2016, from: 
https://dl.dropboxusercontent.com/u/4210691/FP%20v1.2/index.html 
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Annex 3.8. Guide for the elaboration of the scientific poster 
(Session 8) 
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Annex 3.9. Contextualized problems (Session 9) 
 
CONTEXT 1: 
 
Butane is a flammable alkane which is a gas at room temperature and 
atmospheric pressure and it is liquified at that pressure and -0.5 ºC. Since 
it is a colourless and odourless gas, in its elaboration an odorant is added 
to give that unpleasant smell which allows its detection in case of leak 
due to its volatility and the risk of explosion.  
 

     Butane 
 

Carbon                    Hydrogen 
 
 

1. Determine the volume occupied by 53 g of butane gas at normal 
conditions of pressure and temperature.  
Normal conditions: Pressure = 1 atm (101325 Pa) and Temperature = 0 
ºC (273,15 K). 
Relative atomic mass: Hydrogen = 1,00797 and Carbon = 12,011. 
 

Commercial butane is a liquified gas obtained by petroleum distillation. Its 
composition consists of: normal butane (60%), propane (10%) and 
methylpropane (30%), where % are volume %. 
                                       Propane               Isobutane  
 

                
 
 

 
 
 
 

2. Which number of moles can be found in a commercial gas bottle of 
12.500 cm3, a pressure of 2,53·106 Pa and at room temperature (24 
ºC). 

 
3. Which pressure is applied by each gas in the mixture on the walls 

of the gas bottle? 
 

4. Which is the mass % of each gas? 
 

5. In the supermarkets you can also find gas bottles containing just 
propane or just butane that can be used for going camping. The 
density of the gas in a gas bottle is 1,83 kg/m3 at 15 Cº and 101.325 
Pa. Which is the molar mass of that gas? Which of the following 
gases would be inside the gas bottle, propane or butane? 
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CONTEXT 2: 
 
The tyres of the cars can be the cause of numerous accidents on the road. 
One of the aspects that is vital to check before a long journey is the air 
pressure of the tyres. Low pressure increases the stopping distance and 
since the tyre is excessively hot it can become deformed. High pressure 
can also be dangerous since the tyres tend to have cuts. 
 

1. Determine the mass of air contained in a tyre of a volume of 20 L 
pumped up with a pressure of 120 kPa higher than the the pressure 
of the atmospheric air and which is at a temperature of 18ºC. 
Pressure (atmosphere) = 1 atm (101.325 Pa). 
Air average molar mass = 28,8 g/mol. 

 
2. The air composition inside the tyre is, in mass, 79% nitrogen and 

21% oxygen. Determine the volume % of each gas. 

Relative atomic mass: Nitrogen = 14,0067 and Oxygen = 15,9994. 
 

3. Determine the pressure applied by each gas. 
 

4. Determine the density of the air contained in that tyre. 
 

5. A driver checks the pressure of the tyres before starting up and the 
value is 2,3·105 Pa when the temperature is 15 ºC. Which number of 
moles of air will be contained in that tyre of 20.000 cm3? 
 

6. After the running-in on the pavement, the temperature of the tyres 
increased until 30 ºC. Which will be the pressure of the tyres now, 
supposing that the volume had not changed? 

 
CONTEXT 3: 
 
A weather balloon has 150 L of volume when it is full of hydrogen at 1.013 
hPa and at room temperature (24 ºC). 

 
1. Which mass of hydrogen can be found in that volume with that 

pressure and temperature? 
Relative atomic mass: Hydrogen = 1,00797. 
 

2. Which will be the volume of the weather balloon at a height of 2.500 
m if the temperature at that height is -10 ºC considering that the 
pressure applied is the same. 

 
3. Determine at what temperature the density of the hydrogen at 1 atm 

will be 0,08988 g/L. 
 

4. For the same pressure, determine the density of the hydrogen at 
room temperature (24 ºC). 
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5. If instead of being full of hydrogen there was a mixture of 17 moles 
in total of hydrogen (75% in volume) and nitrogen (25% in volume), 
determine which will be the pressure applied by each gas 
considering a volume of 112 L and room temperature (24 ºC).  

 
6. Determine the mass % of each gas. 
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Annex 4. Students productions 
 

Annex 4.1. Answers of the final exam (3rd of ESO) 
 
 
G3 
 
 
 
 
 
 
 
 
 
 
 
G3 
 
 
 
 
 
 
 
 
 
 
G3 
 
 
 
 
 
 
 
 
 
 
 
G3 
 
 
 
 
 
 
 
 



Effectiveness of the implementation of CLIL resources in the chemistry classroom 

Sara Garcia Tapias 

 

 UPF-UOC 70 
 

 
G3 
 
 
 
 
 
 
 
 
 
 
 
G3 
 
 
 
 
 
 
 
 
 
 
 
G3 
 
 
 
 
 
 
 
 
 
 
G2 
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Annex 4.2. Outlines completed in English (3rd of ESO) 
 

 

G3 

 

 

 

G3 

 

 

G3 

 

 

 

G2 

 

 

 

 

 

 

G2 
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Annex 4.3. Scientific Posters (1st of Batxillerat) 
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