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Introduction

The 2006 Education Law (LOE, 2006) introduced a competence-based 
education model in Spain that continued under the LOMCE Education Law 
(2013). This model sought to develop eight key competences, thereby contrib-
uting to a change in education paradigm advocated by the European Union 
(Halász & Michel, 2011; Looney & Michel, 2014). The eight key competences 
considered for primary (ages 6-12) and secondary (ages 12-16) education 
curricula were in the areas of linguistic communication, mathematics, data 
processing and digital data, social skills and citizenship, cultural and artistic 
learning, learning to learn, autonomy and personal initiative, and knowledge 
of and interaction with the physical world (LOE, 2006). The last of these 
referred to competence in science, considered basic in the OECD’s (2005) 
DeSeCo project along with mathematics and reading. Teaching, using a scien-
tific competence approach, basically provided students with functional learn-
ing, encouraging the development of skills and enabling them to understand 
how scientific knowledge was generated and how it applied to everyday life 
(Grandy & Duschl, 2007). Developing a competence-based model should be 
an opportunity to consider actions aimed at improving the teaching-learning 
processes (Vilches & Gil, 2010) and also for teachers to re-examine what they 
did in their professional lives (Sanmartí, 2010). The competence-based model 
should encourage the acquisition of skills, attitudes and values (Furió, Vilches, 
Guisasola & Romo, 2001), contextualizing what was learned in the classroom 
using real problems (Alake-Tuenter, Biemans, Tobi, Wals, Oosterherrt & Mulder, 
2012; Schweingruber, Keller & Quinn, 2012).

Involving the teachers as direct agents to apply the curriculum is funda-
mental when it comes to evaluating the results of curriculum reform (Broad-
head, 2002; Roehrig, Kruse & Kern, 2007). Various papers have noted that the 
success of education reforms largely depends on the attitude, emotions and 
commitment of the teachers towards the measures proposed in any new 
legislation (Kelchtermans, 2005; Carlgren, Klette, Mýrdal, Schnack & Simola, 
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2006; McCormick, Ayres & Beechey, 2006; Roehrig et al., 2007). This also applies to the change to a competence-
based education model (Gordon et al., 2009).

A number of researchers have analysed the process whereby educational competences are applied in Spain 
(Méndez-Giménez, Sierra-Arizmendiarrieta & Mañana-Rodríguez, 2013; Monarca & Rappoport, 2013; Ezquerra, 
De-Juanas & Ulloa, 2014; Méndez-Alonso, Méndez-Giménez & Fernández-Río, 2015; Lleixà, González-Arévalo & 
Braz-Vieira, 2016). Proposals have also been put forward regarding working on and evaluating competence in sci-
ence (Cañal, 2012; Pedrinaci, Caamaño, Cañal & Pro, 2012; Pedrinaci, 2013; Blanco-López, España, González-García & 
Franco, 2014; Franco, Blanco & España, 2014). Other research has revealed the influential role played by the beliefs 
and opinions of Spanish teachers in changes made to science education (Banet, 2007; 2010). It has also been shown 
that gaining competence in science is more difficult than content-based learning (Benarroch & Núñez, 2015).

Research Focus

Although the competence-based approach has been in place for almost a decade in compulsory education 
in Spain, few papers have analysed teachers’ opinions on the introduction of the model. And as far as competence 
in science is concerned, no research has looked specifically at how Spanish teachers involved in science teaching 
perceive the change, despite the fact that the success of competence-based education reforms depends, to a large 
extent, on teachers’ perceptions (Gordon et al., 2009).

Regarding the foregoing, the main objectives of the research were: 
to identify compulsory education science teachers’ perceptions of teaching aimed at developing sci-a) 
entific competence in Spain at a time when legislation on education is changing, and
to discover whether there are differences in perceptions among teachers, taking into account variables b) 
such as the gender, age and experience of the participants, stage of education, type of contract and 
type of school.

Methodology of Research

General Background of Research

The competence-based model in Spain was set up in 2006, but during the following decade teachers received 
no training programs specifically aimed at effectively implementing the change. The education law applied to the 
country as a whole, but each of the nineteen regions was able to specify how the curriculum was to be developed 
by passing decrees based on the national law. The science teacher population in Spain totalled 376.474 (MECD, 
2015) and were geographically distributed by region, as follows: Andalucía (18.9%), Aragon (2.8%), Cantabria 
(1.3%), Castilla-La Mancha (4.6%), Castilla and León (5.1%), Catalonia (15.8%), Ceuta (0.2%), Community of Madrid 
(12.9%), Valencian Community (10.4%), Extremadura (2.5%), Galicia (5.8%), Balearic Islands (2.4%), Canary Islands 
(4.1%), La Rioja (0.7%), Melilla (0.2%), Navarre (1.6%), Basque Country (5.1%), Principality of Asturias (2.0%) and 
Murcia (3.6%) (MECD, 2015).

A qualitative methodology, with quantitative approximation, was used to carry out the research, and a ques-
tionnaire was the instrument chosen for data collection.

Sample Selection

The participant sample consisted of 443 teachers, designed to be representative of the science teacher 
population with a 95% confidence level and a 5% margin of error. The sample was chosen at random, taking into 
account the percentage geographical distribution by region needed to be representative of the Spanish context 
(MECD, 2015). 

The mean age was 44.5 years (standard deviation-SD=9.0) and the mean teaching experience 17.1 years 
(SD=10.0). 19.9% were on temporary contracts and 80.1% permanent. 40.1% were primary and 59.9% secondary 
teachers. 73.8% of the sample worked in state schools and 24.6% in private state-funded schools (1.6% did not 
answer the question). 63.0 % were women and 37% men.
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Instrument and Procedures

An ad hoc questionnaire was designed for the research. The clarity and relevance of the items were first 
checked by a panel of 9 experts in pedagogy and science education. The questionnaire was in two parts. The 
first part collected descriptive data about the participants: region, gender, age, professional experience, stage of 
education (primary or secondary), type of contract (permanent or temporary) and type of school (public or private 
state-funded).

The second part included a 5-point Likert scale (Table 1). In questions 1-11, teachers were required to score each 
item according to its importance in developing the students’ scientific competence. The scores considered were: 1 
Very low, 2 Low, 3 Neither high nor low, 4 High and 5 Very high. Teachers then scored items 12-19 according to the 
following criteria: 1 Strongly disagree, 2 Disagree, 3 Neither agree nor disagree, 4 Agree and 5 Strongly agree.

The Cronbach’s alpha value (0.922) confirmed the instrument’s reliability and high internal consistency. The 
Kaiser-Meyer-Olkin statistic (0.929) and Bartlett’s sphericity test (χ2=3888.751, p<0.001, df =171) on the suitability 
of the sample indicated the appropriateness of carrying out an exploratory factor analysis. This factor analysis 
revealed three dimensions consistent with those conceptually considered in the design of the questionnaire: 

perception of the importance of science dimensions for indicating the development of scientific com-I) 
petence (questions 1 to 11); 
perception of science education’s contribution to the development of other key competences (ques-II) 
tions 2 to 16); and
implementation of the competence-based model and its importance for understanding the interaction III) 
between humans and the medium in which they live (questions 16 to 19). 

The validation results showed that the construct could be accepted as valid and the instrument as reliable, 
and therefore the values resulting from applying the instrument could be interpreted as expressing the latent 
dimensions that make up the construct.

The questionnaire was implemented on the Google Forms platform. It was applied digitally. The link was sent 
out by email in November 2014, followed by two reminders in January and February 2015. The data were collected 
between November 2014 and May 2015.

Data Analysis

The data were analysed using IBM SPSS Statistics 19.0 software. A descriptive analysis of all the items was 
conducted. A Kolmogorov-Smirnov test was carried out to determine whether to apply parametric or nonpara-
metric statistics procedures. The criteria of normality were not satisfied for all items, so nonparametric statistical 
procedures were used: the Mann-Whitney U and Kruskal-Wallis tests were used for two or more independent 
samples respectively.

Results of Research 

The descriptive statistics (mean and standard deviation) for the different items and the dimensions that com-
prise them are shown in Tables 1 and 2 respectively. The values for each dimension were obtained by calculating 
the mean for each subject from the answers given to the items that cover each dimension. 

From looking at the results, it could be seen that the teachers gave moderate ratings for the different items and 
dimensions considered, since the mean values ranged from 3.09 to 4.23. The dimension with the highest ratings 
concerned science’s contribution to the development of the other key competences (dimension 2), with a mean 
value of 4.01. The participants also gave moderate ratings for the various components of scientific competence 
(dimension 1, mean value 3.90). Scoring a lower average was the dimension covering the implementation of the 
competence-based model (dimension 3, mean value 3.62).
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Table 1.  Descriptive statistics for the items included in the Questionnaire on applying the competence-based 
teaching model in the sciences in compulsory education.

 Items of the questionnaire Mean SD

1. To appropriately describe everyday situations in which scientific knowledge plays a part. 3.95 0.87

2. To acquire skills for analysing and resolving problem situations in one’s natural surroundings. 4.06 0.89

3. To recognize the importance of relationships between science, technology and society (STS). 3.80 0.87

4.  To use science vocabulary correctly. 3.67 0.89

5.  To recognize and appreciate the importance of scientific knowledge in solving global problems. 3.88 0.90

6.  To use information and communications technologies (ICT) as a source of information for solving problems and 
cases and as a means of communicating results. 3.98 0.87

7.  To know how to apply the content of the science curriculum. 3.87 0.88 

8.  To tackle scientific problems in a multidisciplinary way. 3.92 0.95

9.  To value the natural environment and act in favour of conservation and sustainable development. 4.23 0.84

10.  To recognize science as a human construct, another form of knowledge. 3.91 0.90 

11.  To understand how scientific information is generated and evolves. 3.64 0.90

12.  Sciences contribute to the development of the other key competences because they enable one to interpret and 
describe one’s surroundings. 4.03 0.82

13. Sciences contribute to the development of the other key competences because they encourage procedures of 
generalization and experimentation. 4.07 0.79

14.  Sciences contribute to the development of the other key competences because they develop technical and 
operational skills. 3.94 0.78

15.  Sciences contribute to the development of the other key competences because they precisely define concepts 
and procedures and systematize observations. 3.98 0.81

16. Sciences contribute to the development of the other key competences because they enable answers to be found 
to the questions through problem-solving and case studies in a variety of contexts. 4.05 0.76

17.  The curriculum for competence-based knowledge of the environment must be based on a functional approach 
to learning sciences. 3.84 0.94

18.  It is relatively easy to find or design tasks to encourage the development of competence in knowledge of and 
interaction with the students’ physical world. 3.09 1.00

19. Competence in knowledge of and interaction with the physical world helps one to understand the interaction 
between humans and the medium in which they live. 3.95 0.85

Table 2.  Mean and standard deviation of the dimensions covered by the questionnaire.

Dimensions of the questionnaire Mean SD

Dimension 1. Specific aspects or dimensions in the area of sciences serving to indicate the development of compe-
tence in knowledge of and interaction with the physical world. 3.90 0.67

Dimension 2. The contribution of sciences to the development of the other key competences. 4.01 0.68

Dimension 3. Implementation of the competence-based model and its importance for understanding the interactions 
between humans and the world in which they live. 3.62 0.68
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The items with the lowest ratings were 17 “The curriculum for competence-based knowledge of the environ-
ment must be based on a functional approach to learning sciences” (mean value 3.84) and 18 “It is relatively easy 
to find or invent tasks to encourage the development of competence in knowledge of and interaction with the 
students’ physical world” (mean value 3.09). Both refer to the implementation of the competence-based model. 
The items with the highest ratings were 9 (on conservation and sustainable development, mean value 4.23) and 
2 (on solving environmental problems, mean value 4.06).

An equality of means test was carried out for gender. Significant differences were observed in dimension 1 
(p=0.030; U=20172.500; W=34033.500; Z=-2.164) and items 1 (p=0.016; U=20027.000; W=33888.000; Z=-2.413), 7 
(p=0.047; U=20547.000; W=34408.000; Z=-1.983), 9 (p=0.007; U=19716.000; W=33577.000; Z=-2.715), 12 (p=0.038; 
U=20498.000; W=34359.000; Z=-2.070), 16 (p=0.013; U=20009.500; W=33870.500; Z=-2.482) and 19 (p=0.029; 
U=20326.000; W=34187.000; Z=-2.179) (Table 3). It was found that women gave higher ratings for these items 
(table 3).

Table 3.  Descriptive statistics according to gender for items where statistically significant differences  
(p < 0.05) were found.

Item 1 Item 7 Item 9 Item 12 Item 16 Item 19 Dimension 1

Men
Mean 3.84 3.77 4.08 3.93 3.92 3.84 3.81

SD 0.82 0.91 0.90 0.85 0.82 0.88 0.69

Women
Mean 4.01 3.93 4.32 4.09 4.13 4.02 3.94

SD 0.89 0.86 0.79 0.80 0.71 0.83 0.66

Equality of means tests were also carried out for age (in years: <=30, 31-40, 41-50, 51-60 and >60) and pro-
fessional experience (in months: <=120, 121-240, 241-360, 361-480 and >480). A statistically significant correla-
tion was found between both variables considering the categories shown above (Spearman coefficient=0.766, 
p<0.01). No significant differences were found in any of the items as regards age and professional experience.

Significant differences occurred between primary teachers (generalists) and secondary teachers (special-
ists in science education), with a significance level of 0.05 in items 1 (p=0.006; U=18688.500; W=34619.500; Z=-
3.877), 3 (p=0.000; U=19006.000; W=34937.000; Z=-3.608), 4 (p=0.004; U=19945.500; W=35876.500; Z=-2.861), 5 
(p=0.005; U=20010.000; W=35941.000; Z=-2.798) (though with no statistically significant differences for dimension 
1 which encompasses them), 16 (p=0.039; U=20991.500; W=36922.500; Z=-2.064) and 17 (p=0.023; U=21586.000; 
W=56566.000; Z=-1.518) (Table 4). Secondary teachers gave higher ratings than primary teachers (table 4) for 
the importance of the specific science dimensions reflected in the items for developing scientific competence, 
but the opposite happened with item 17, concerning the functional approach to scientific competence.

Table 4.  Descriptive statistics according to stage of education for items where statistically significant differ-
ences were found (p < 0.05).

Item 1 Item 3 Item 4 Item 5 Item 16 Item 17

Primary
Mean 3.78 3.63 3.54 3.75 3.95 3.98

SD 0.80 0.84 0.82 0.86 0.82 0.87

Secondary
Mean 4.06 3.54 3.75 3.97 4.12 3.76

SD 0.90 0.88 0.92 0.91 0.71 0.97

As far as type of contract is concerned, statistically significant differences were found only in item 4 (p=0.025; 
U=13346.500; W=17262.500; Z= -2.245), with higher ratings being awarded by permanent teachers (mean=3.71; 
SD=0.90) than by those on temporary contracts (mean=3.51, SD=0.83).

Statistically significant differences were found, related to the type of centre, for items 1 (p=0.013; 
U=15153.500; W=21148.500; Z=-2.484), 2 (p=0.017; U=15263.500; W=21258.500; Z=-2.387), 8 (p=0.027; 
U=16589.000; W=22584.000; Z=-2.205), 9 (p=0.005; U=14863.500; W=22692.500; Z=-2.810), 12 (p=0.031; 
U=15545.500; W=21540.500; Z=-2.162), 17 (p=0.013; U=15150.000; W=21145.000; Z=-2.476) and 19 (p=0.013; 
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U=15170.000; W=21165.000), and in dimensions 1 (p=0.046; U=15552.500; W=21547.500; Z=-1.994) and 3 
(p=0.039; U=15498.500; W=21493.500; Z=-2.063).

Table 5.  Descriptive statistics according to type of centre for items where statistically significant differences 
were found (p < 0.05).

Item 1 Item 2 Item 8 Item 9 Item 12 Item 17 Item 19 Dimension 1 Dimension 3

Public
Mn 4.00 4.12 3.97 4.30 4.08 3.91 4.00 3.93 3.66

SD 0.87 0.87 0.96 0.81 0.82 0.95 0.87 0.67 0.72

Private State-
funded

Mn 3.77 3.89 3.78 4.05 3.91 3.68 3.79 3.80 3.31

SD 0.85 0.93 0.89 0.89 0.78 0.88 0.80 0.69 0.67

Discussion

The frequent changes in legislation on education in Spain provide an opportunity to study the impact of these 
changes on curricula (Pro & Nortes, 2016). And, as pointed out by López Ruiz (2011) and Bejarano and Rodríguez 
Torres (2016), competence-based teaching is undoubtedly one of the biggest changes to have taken place in 
education in Spain in recent years, demanding a special effort from teachers in all stages of the system.

The results of the research indicate that Spanish teachers do not perceive the full potential of the competence-
based model in science, claiming that it is difficult to implement in the classroom. In Spain, these results are not 
exclusive to scientific competence, but are in line with other results involving the key competences in general 
(Méndez-Giménez et al., 2013; Méndez-Alonso et al., 2015), and competence in physical education in particular 
(Lleixá et al., 2016).

The different dimensions inherent in competence-based science education were, in general, given a mod-
erate score by participants. However, there were certain, basic formative elements associated with science and 
learning science that the teachers scarcely valued. These elements were the nature of science, the relationships 
between science, technology and society, and the genesis and evolution of scientific knowledge. This perception of 
science went against National Research Council recommendations (Michaels, Shouse & Schweingruber, 2007), as 
well as the conclusions drawn by García-Carmona, Vázquez and Manassero (2012) and Köksal and Şahin (2014). 
Both papers argued that studying the nature of science was essential in order for citizens to become scientifically 
literate and that it should be reflected throughout the entire school science curriculum. For Honey, Pearson and 
Schweingruber (2014), promoting a contextualized view of science increased students’ interest and encouraged 
scientific vocations. 

The importance of using scientific vocabulary was another element poorly perceived by the participants. 
This stands in contrast to the value of science vocabulary as a part of scientific competence (Yore & Treagust, 
2006; OECD, 2007) and as a teaching tool (Wellington & Osborne, 2001). As demonstrated by Jeppsson, Haglund 
and Strömdahl (2011), an appropriate knowledge and use of the language made it easier to learn science. The 
teachers surveyed were also unsure about the current dimension of science as an instrument to be used for 
global social problems and as contributing to capacities for studying the environment. Neither did most of them 
perceive the connection between science and ICT. This clearly went against what was currently accepted in the 
literature (OECD, 2002, Schweingruber et al., 2012; Partnership for 21st century learning, 2015) and highlighted 
the fact that a traditional view of science still persisted in the minds of many teachers. 

As regards the curriculum, the participants were not certain about how scientific competence contributed to 
the development of the other key competences. This result matched those described by Méndez-Giménez et al. 
(2013), Méndez-Alonso et al. (2015) and Lleixà et al. (2016), who were also unable to find, in teachers, the necessary 
didactic connection between the competencies included in the competence-based model. This could indicate 
that a fair proportion of teachers lacked the holistic, interdisciplinary vision that the competence-based teaching 
model required, reinforcing the idea that the model had been misinterpreted and that knowledge continued to 
be worked on in separate areas with no influence transferring between the various key competences.

Another finding showed that the participants were not completely convinced about the functional ap-
proach that characterized competence-based learning in science. These were probably teachers who adopted 
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the competence-based model, but still held traditional views about how science was taught in the classroom 
(Gil & Vilches, 2006). This mismatch between science teachers and the new demands of the competence-based 
model was also noted in other research (Mendoza & Rodríguez-Pineda, 2009; Sharp, Hopkin & Lewthwaite, 2011). 
Bearing in mind the research by Martínez Galáz and González Weil (2014), on the persistence of views on teach-
ing sciences, it was understandable why some teachers were reluctant to change the way they “are” and the way 
they “do” as regards science teaching. While not ruling out the influence of other factors, it was no surprise that 
this resistance to change on the part of the teachers made it more difficult to meaningfully introduce scientific 
competence to the students. Introducing immersion into the competence-based model might have come about 
in Spain unaccompanied with the necessary changes in how teachers believed science education needed to be 
carried out.

The results of the research show that the teachers surveyed do not find it easy to carry out tasks that en-
courage scientific competence. Lee, Abd-El-Khalick and Choi (2006) and Sharp et al. (2011) indicate similar results 
in Korea and England respectively. As Benarroch and Núñez (2015) point out, it needs to be remembered that 
competence-based science teaching is more complicated than teaching specific content and calls for expert 
teachers. Ko and Lee (2003), Bonil and Márquez (2011) and Franco, Blanco and España (2014) are therefore along 
the right path in stressing that teacher training needs to include content focusing on how to design and use 
classroom tasks and practical science activities. This is because it is in the actual teaching that the change to a 
competency-based model needs to be reflected (Sierra-Arizmendiarrieta, Méndez-Giménez & Mañana-Rodríguez, 
2013). As argued by Özdem, Çavaş, Çavaş, Çakıroğlu and Ertepınar (2010) and Mateos and Ruiz-Gallardo (2016), 
teachers need to know how to teach science on the basis of everyday activities and students’ familiarity, and there 
is a need for specific initial and permanent training in competence (Lamanauskas & Augienė, 2009; García-Ruiz 
& Castro, 2012), as opposed to training based on traditional approaches (Martín, Prieto & Lupión, 2014; Martín, 
Prieto & Jiménez, 2015).

 No statistically significant differences emerge in segmentation variables as regards age, professional experi-
ence or type of contract. However, papers, such as those by Méndez-Alonso et al. (2015) and Lleixà et al. (2016), 
indicate that the longest-serving teachers have the most difficulty in implementing the competence-based 
model. Younger teachers, with less experience, take a more positive view towards the introduction of new working 
methods, although the conclusions in these papers do not refer specifically to scientific competence. Meanwhile, 
Sharp et al. (2011) find that teachers in senior management positions, with wider experience and participating in 
in-training, or supervising the science curriculum implementation, hold a more favourable perception of the reform. 
Considering these results, further research is needed to explore the differences involving these variables.

Statistically significant differences related to gender are found, in line with those seen in other contexts by 
Hargreaves (2003), Méndez-Alonso et al. (2015) and Lleixà et al. (2016), who maintained that women are more 
predisposed and adapted better to the competence-based model. Haney, Czerniak and Lumpe (1996) and Sharp 
et al. (2011) come to similar conclusions in the field of science education and stress the importance of considering 
the gender dimension in educational matters involving science. 

As for the type of school, the results of the research reveal that teachers in public schools give higher ratings 
than those in private state-funded schools. This is new data in that until now, in Spain, there has been no analysis 
of competence-based science education according to type of school. Future research needs to look more closely 
at this variable and the possible reasons for these results.

The stage of education in which the teachers work also reveals significant differences. Secondary school 
teachers (science specialists) are more sensitive to science-related aspects and their characteristics than primary 
school teachers (generalists), and this may have something to do with their initial training. This perception is not 
limited to scientific competence, since work carried out by Méndez-Giménez et al. (2013) and Méndez-Alonso et 
al. (2015) points in the same direction, when taking key competences as a whole into account. 

However, primary teachers have a better perception of the functional approach to learning sciences. To ex-
plain this result, it may be that primary teachers receive training which, while less specific, is more crosscutting, 
and they gain more teaching experience in various knowledge areas. This may enable them to be more flexible 
and more likely to accept the change in methodology because, in line with the ideas of Haney et al. (1996), the 
competence-based model requires an effort to follow a more student-centred style of science teaching, and 
primary teachers typically have beliefs that encourage this type of instruction.
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Conclusions and Implications

The present research, carried out at a time when the education law that introduced the competence-based 
model (LOE) reached full implementation, makes it possible to conclude that, after ten years of working with com-
petences in Spain, the model is not being implemented effectively. Teachers in compulsory education still seem 
to have a traditional perception of science education, they do not fully accept the functional approach of science, 
and they have problems when it comes to finding and designing tasks to use in the classroom. However, statistical 
difference emerged between gender, with women more amenable to the new developments and in the type of 
school, with primary school teachers more disposed to the competence-based approach.

In Spain, the implementation of the LOE education law was not followed by a training programme to provide 
teachers with the tools to effectively develop this model in schools. Experience alone seemed not to be enough and 
should be accompanied by training as far as scientific competence was concerned, over and above any changes 
in legislation that might be introduced. In this regard, coordination between institutional and educational actions 
aimed at consolidating competence-based teacher training was in need of improvement. These results could pro-
vide useful information for other EU countries in the process of introducing or consolidating competence-based 
teaching models.

It seems undeniable that, in order to promote education in STEM (science, technology, engineering and 
mathematics) and make progress in making people scientifically literate, educational policies need to take into 
account the perceptions of the professionals working in the field, providing teachers with the tools they need to 
implement the changes. If all the agents of education involved do not succeed in making teachers - whether in 
training or working - perceive that scientific competence is an innovative way of approaching science teaching, 
then the competence-based model may end up as a series of didactic routines guided by traditional teaching 
practices, thereby turning the new model into nothing more than a cosmetic change.
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