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Abstract
Every three years, the Organisation for European Cooperation and Development evalu-
ates the scientific competence of European students. Recent results have demonstrated that 
scientific competence in Spain is somewhat underdeveloped, which underscores the need 
to apply educational methodologies that favour the development of said competence. This 
paper analysed the extent to which the implementation of the Spanish high school diploma 
of research favoured the development of the Scientific Competence of students. The stu-
dents had to develop a research project, co-tutored by a secondary education teacher and a 
University teacher/researcher. Both professionals offered the guidance necessary to develop 
a project that concerned the resolution of a problem of interest. Audio and video data were 
collected during the 18 months of the high school programme. These data were transcribed 
and analysed using a rubric designed ad hoc. This assessment instrument is a relevant 
point of this work as long as it can be used as evaluating tool in the Scientific Competence 
assessment of future studies. The results revealed that the students had to make use of their 
knowledge of the research topic, strengthen this knowledge, substantiate the research using 
the scientific literature, design and develop the experimental methodology, collect, ana-
lyse and present data, and, finally, disclose these data. The results indicated high levels of 
development in the three sub-competences that were explored, which concluded in a high 
development of scientific competence.
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Introduction

The Organisation for European Cooperation and Development (OECD) evaluates the 
scientific competence of secondary school students in Europe every three years. The 
results are published by the Programme for International Student Assessment (PISA) 
and are used to compare the development of said competence among students from 
member countries. In the last three reports (OECD, 2016, 2019, 2022), Spain has been 
among the countries with the lowest results in the subject of science (if we classify the 
scores into four quartiles, with the first being the one with the best scores, Spain is in 
the third quartile). The results of schoolchildren in this type of tests could have a future 
connection with the economic development of the country (Hanushek & Woessmann, 
2011). In seeking a response, experts have pointed to a number of factors that may 
explain this poor showing. Muñoz and Charro (2023) suggest that teaching in Spain is 
not based on the development of scientific competence. In order to change this, teach-
ing should be rooted in the development of contextualised teaching–learning sequences 
(Caamaño, 2018) and based on the development of scientific practice (Muñoz-Campos 
et  al., 2020). Authors such as Sanmartí and Hinojosa (2015) agree that this type of 
methodology can influence the development of scientific competence in the classroom 
as it mediates between the motivation of the students and their assimilation of knowl-
edge (Cascarosa et  al., 2021). It has been further argued that the lack of tools specif-
ically designed to assess this competence hinders the implementation of this type of 
teaching in the classroom (Ferrés-Gurt et al., 2015; Osborne et al., 2016).

Two years ago, Spain, in an effort to mitigate this shortcoming, introduced a bac-
calaureate diploma of research (BdR) to facilitate the development of scientific compe-
tence in secondary education. In general, largely due to limited classroom time, experi-
mental laboratory activity in the last two years of secondary education (students aged 16 
to 18 years old) is drastically reduced and the sub-competences required for the devel-
opment of scientific competence are not pursued (Cascarosa et al., 2022). The regulated 
and intentional BdR is geared to minimise the pressure that teachers suffer in having 
to integrate the development of scientific competence in a structured high school pro-
gramme as opposed to a traditional methodology, thereby promoting a working method 
based on the development of teaching–learning sequences that favour scientific com-
petence (Lijnse & Klaassen, 2004) and also the inquiry process in students (Schwartz 
et al., 2021).

This paper presents the first study that analyses the extent to which the BdR favours 
the development of scientific competence among the students. The analysis of the devel-
opment of scientific competence involved the use of an ad hoc rubric designed to evalu-
ate each of the three sub-competences that were developed. Thus, through a detailed 
partial analysis, it is possible to reach conclusions on the development of scientific com-
petence of students through this high school programme of research. These results could 
be decisive for continuing this high school programme or reorienting teaching method-
ology in Spain.

The research question that guided this project was: To what extent does the bacce-
laureate diploma of research favour the development of scientific competence among 
students?



Research in Science Education 

1 3

Theoretical Framework

For a number of years, the term scientific competence has been used as an equivalent 
to scientific literacy, on the understanding that a person that is scientifically literate is 
also scientifically competent (Pedrinaci, 2013; Pedrinaci et al., 2012). The foundations 
of scientific literacy were established in the second half of the twentieth century, when 
experts began to demand science education for the population to equip them to fully 
develop in society (Duschl, 2007; Romero-Ariza, 2017; Woods-McConney et al., 2014). 
In 2015, The European Commission established the need to promote a culture of scien-
tific thinking and inspire citizens to use evidence based reasoning for decision making 
(European Commission, 2015), in other words, it appealed to train society in scientific 
competence. Scientific competence does not have a single definition. There has been 
much discussion about what scientific competence itself encompasses (emotional, voli-
tional, cognitive aspects, required skills, abilities, and attitudes) (Kauertz et al., 2012). 
Since it is a concept that can be investigated from many perspectives, there are several 
definitions in this regard. Some researchers defined it from a point of view that links 
sub-competences with models, for instance, to analyse the scientific reasoning compe-
tencies of science teacher education (Krell et al., 2017, 2020), thus providing necessary 
in-depth knowledge about one of the parts of scientific competence, scientific reasoning 
(Krell et al., 2022). Other studies have analysed the links that scientific competence has 
for the students themselves, finding that they consider that a student is more competent 
the more creative he or she perceives himself to be (Beghetto, 2007).

Originally, the OECD defined the scientific competence as that which is achieved 
through the development of three science competencies required students to identify scien-
tific issues, explain phenomena scientifically, and use scientific evidence. These three key 
scientific competencies were selected because of their relationship to the practice of sci-
ence and their connection to key abilities such as inductive and deductive reasoning, sys-
tems-based thinking, critical decision making, transformation of data to tables and graphs, 
construction of arguments and explanations based on data, thinking in terms of models, 
and use of mathematics (Bybee et al., 2009). In the last years these three sub-competences 
have been fine-tuned (OECD, 2016, 2019, 2022).

In order to evaluate scientific competence at an international level, the Programme for 
International Student Assessment (PISA) (OECD, 2016, 2019, 2022) conducts a three-
yearly evaluation of knowledge and skills in the areas of science, reading and maths. The 
PISA scientific competencies emphasise that students need to prepare for the abilities 
needed in their future adult life and equip themselves with the basic literacy necessary in 
modern society (Chun-Yen, 2015). With regards to scientific competence, PISA evaluates 
whether students are capable of using their knowledge and if they are able of understand-
ing the nature of scientific knowledge (Rosales Ortega et  al., 2020). Definitely, it values 
the application of knowledge rather than memorisation (Gallardo-Gil et  al., 2010). The 
objective of PISA (in the field in question) is to evaluate the level of scientific competence 
of students, and for that the OECD establishes that a scientifically competent student is 
who has developed three sub-competencies, thus, the development of scientific competence 
can be evaluated through the analysis of the development of three sub-competences (1- 
explaining phenomena scientifically; 2- evaluating and designing scientific research; and, 
3- interpreting scientific data and evidence) (Sadler & Zeidler, 2009). These scientific com-
petences result from the development of scientific knowledge (of content (knowing that), 
procedural (knowing how) and epistemic (knowing why) of content (Kind & Osborne, 
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2017; Osborne, 2014). These knowledge types correspond with three goals of science edu-
cation highlighted by Hodson (2014): learning science (content knowledge), learning about 
science (epistemic knowledge), and doing science (procedural knowledge).

Scientific sub‑competences

Definitions of the three sub-competences are presented below.

1- Explaining phenomena scientifically

This sub-competence refers to the ability to recognise, offer and evaluate explanations 
of a specific range of natural and technical phenomena. To a large extent, this depends 
on the knowledge of these ideas and theories, that is to say, knowledge of the content. 
However, it also requires an understanding of the route taken to gain this knowledge, the 
methods used (procedural knowledge) and the role played by knowledge itself in the justifi-
cation of said knowledge (epistemic knowledge).

To evaluate the development of this sub-competence, PISA proposes a rubric. However, 
some authors, conclude that, while the analysis of performance by means of the rubric 
“helps to understand the level of competence of the student”, the PISA rubric is not suf-
ficient for evaluation as it is oriented to multiple-choice answers and does not favour the 
analysis of the students’ explanations (Blanco & Díaz, 2017).

2- Evaluating and designing scientific research

To achieve this sub-competence, the student must be capable of describing and evaluat-
ing scientific investigations and offering scientific approaches to certain questions. Accord-
ing to PISA (OECD, 2016, 2019, 2022), rather than knowledge of the content of science, 
this competence requires an understanding of the way in which scientific knowledge is 
established and the degree of confidence in the same, in other words, a procedural and epis-
temic knowledge of science (OECD, 2016, 2019, 2022). Ferrés-Gurt (2017) argued that the 
student must be capable of designing researchable questions that allow the development of 
scientific practices (enquiry, argumentation and modelling). In relation to this sub-compe-
tence, Crujeiras-Pérez (2017) analysed the development of enquiry among future second-
ary school teachers as a scientific practice that helps to develop the sub-competence of 
evaluating and designing scientific research.

3- Interpreting data and scientific evidence

This sub-competence involves the analysis and the evaluation of data and arguments 
to be able to offer adequate scientific conclusions. As with the previous sub-competence, 
knowledge of content is necessary, but procedural and epistemic knowledge are of major 
importance. Thus, scientifically literate citizens, as well as knowing how to represent 
experimentally obtained data, are expected to understand the uncertainties inherent in data 
collection and their measurement (procedural knowledge). The students must also know 
how to assess whether the data are appropriate, with argumentation and criticism playing 
a significant role in the process (epistemic knowledge). In short, this competence includes 
access to information and evaluation of arguments and scientific evidence (Kuhn, 2010; 
Osborne, 2010).
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With regards to this sub-competence, authors such as Bell and Linn (2010), Blanco 
and Lupión (2015), Chun-Yen (2015), Clark and Sampson (2008), Crujeiras and Jiménez 
(2015), Crujeiras et al. (2020), Muñoz and Charro (2018) analysed the scientific interpre-
tation of data and evidence through activities that developed, for example, the practice 
of argumentation in the science classroom. In recent years, several research papers have 
addressed the study of the development of various sub-competences simultaneously. For 
example, Franco-Mariscal et al. (2017) designed activities for the development of scien-
tific competence within the context of health. These authors outlined activities connected 
to each of the sub-competences and analysed their scope through the study of the specific 
objectives initially set for each one, thereby offering specific examples of the evaluation 
of the sub-competences and assigning a fundamental role to the context of the activity. 
Muñoz and Charro (2023) conducted a research project on different skills related to the 
sub-competences proposed by PISA that assists teachers in approaching the sub-compe-
tences and guides them their evaluation in the classroom.

In summary, the evaluations carried out by PISA establish the degree of scientific com-
petence of country’s students. The OECD establishes to achieve this scientific compe-
tence three sub-competences must be developed. Each of these three sub-competences are 
described and it is known what each one contemplates. However, although there is a guide 
on how they can be evaluated, the OECD does not establish any concrete instrument the 
educational centres can use to self-evaluate their students and thus analyse the degree of 
development of these sub-competences.

Researchers need to provide more experimental data in terms of PISA scientific com-
petencies in order to contribute to educational policies (Chun-Yen, 2015). Therefore, this 
work investigated to what extent an eminently research baccalaureate favours the develop-
ment of scientific competence of the students, according the PISA definition of scientific 
competence. And for this, a rubric has been designed that has allowed us to evaluate in 
detail the level of development of each of the three sub-competences that make up scien-
tific competency according to the OECD.

Material and Methods

Ethical Approval
Prior to commencing this study, ethical clearance was obtained from the university’s 

Research Ethics Board, which granted ethical approval for data collection. All participants 
were informed of their role in the study, their rights to freely consent and participate, and 
their ability to withdraw consent at any time in the process.

Development of the Project

The last two years of secondary education in Spain are dedicated to rehearsing the resolu-
tion of the problems that students need to solve to pass the university entrance test. As a 
consequence, in these courses, science is hardly taught from a competency approach, but 
rather from more rote teaching and systematic problem solving. In order to redirect and to 
promote the development of scientific competence and, ultimately, scientific literacy and 
scientific vocation in Spain, a special secondary education programme has been designed. 
Thirty students who were scheduled to study science in their last two years of high school 
were offered to participate in this program (students aged 16 to 18 years old) (convenience 
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sample). The programme is known as the “BdR” and consists of the development of an 
18-month scientific project in which the student must work as a genuine scientist in order 
to resolve a problem. The BdR was developed in collaboration with Spanish organisations 
such as universities, scientific associations, biomedical research centres, planetariums and 
technology companies. Groups of three students are tutored by a teacher from their school 
and a mentor from one of the collaborating organisations (further information can be 
obtained from the following website: https:// sites. google. com/ educa cion. navar ra. es/ bachi 
llera toi/ inicio- bi). In addition to the continuous tutoring throughout the programme, every 
six months the tutors from both organisations conduct a follow-up in which the students 
must give a report on the status of the project; in other words, the students developed a free 
enquiry, guided by six-monthly reviews. At the end of the programme, the students must 
present a final report (a structured, written work) to a tribunal made up of the tutors and of 
teachers of several subjects from the school. That is, for 18 months, the students in the BdR 
work on a research project that emerged from a problem to be resolved that becomes the 
foundation for the design of an experimental procedure that they developed in the facilities 
of the collaborating organisation (in this case, a university). Thus, the students were trained 
in situ as scientific researchers that, through the development of the project, collected and 
analysed data to solve the initial problem.

A total of 30 students participated in the BdR, in collaboration with different organisa-
tions. This research work was based on the follow-up of one of the projects (from Sep-
tember 2021 to January 2023). More specifically, this work examined the development of 
the scientific competence of three students that completed the BdR in collaboration with a 
tutor/teacher from the area of food technology at the public University of (anonymus).

The project that the students developed was based on a research question posed by the 
university teacher. The proposal for the research project considered the premise that the 
students should find the usefulness of the procedure, which in turn motivates learning 
(Caamaño, 2012; Cobern et al., 2010; Couso, 2020; Guisasola et al., 2021). As a conse-
quence, the university teacher invited the students to investigate the best conditions for the 
preservation of fruit, as it is a social topic of interest and direct utility for the students. The 
research question was: “What is the optimum storage method for minimally processed pine-
apples?”. Based on this question, the students had to design a process to find an answer 
based on scientific evidence. To do this, the students only received one instruction, to work 
just as a scientist would. During the 18-month period, the students had access to the uni-
versity laboratory and all the materials necessary for the development of their research. 
The only guideline for the report the student must present was that they had to capture the 
development of the project from the beginning to the end, with the maximum degree of 
detail and taking into account the work of the scientists.

Development of the Research

The strategies, methodologies and perspectives of qualitative studies have developed their 
own methods to obtain, as results, specific conceptions of reality and of the manner of 
reaching them (Rodríguez et al., 1996). One of the conceptions for qualitative research and 
enquiry is the case study. These methodologies arise from the need to apply qualitative 
techniques to phenomena that quantitative techniques are not able to contemplate (Simons, 
2011). The term CS was defined as an “umbrella” term that covered the set of research 
techniques designed to provide an in-depth understanding of a given case (Adelman et al., 
1980). Although the aim is an in-depth analysis of a case, the CS term can also be used to 

https://sites.google.com/educacion.navarra.es/bachilleratoi/inicio-bi
https://sites.google.com/educacion.navarra.es/bachilleratoi/inicio-bi
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try to give an explanation that goes beyond its own contextual framework. For example, a 
school could be selected as representative of other schools in order to generalise the case of 
that school to others (Stake, 2005). In short, CS research is between “the particular and the 
general, the specific and the generic” (Walton, 1992). In other words, CS research seeks to 
provide an in-depth understanding of a case in its context (Merriam, 2009; Simons, 2011; 
Stake, 2005; Yin, 2014), something that a qualitative study does not achieve (Cohen et al., 
2007). Merriam (1988) details four fundamental characteristics of the CS: “particularistic”, 
“heuristic”, “descriptive” and “inductive”. “Particularistic” due to its explicit and specific 
focus on the subject; “heuristic” because it either extends experience and knowledge or 
confirms what is already known; “descriptive” because it seeks to offer a global vision of 
the phenomena that are being investigated; and “inductive” as it is based on an analysis of 
the data obtained to generate concepts or refute hypotheses. Rodríguez (1996) suggested 
three fundamental reasons for the selection of the CS: a “critical character”, as the case 
allows researchers to confirm, modify or extend knowledge; an “extreme character”, as the 
case is itself of interest (Stake, 2005); and a “revelatory character” as it analyses a rela-
tively unknown phenomenon that can provide relevant knowledge for education.

The CS validates research studies with a small sample size and a prolonged time scale. 
The role of the researcher must be delimited (as teacher, evaluator or interpreter) and 
reflexive (Simons, 2011; Stake, 1994, 2005; Yin, 2014). Simons (2011), one of the authors 
of reference in the CS as a research model, argued that any research must be based on 
the criteria of credibility, transferability, dependability and confirmability. Therefore, in 
order to guarantee the legitimacy of the research, clarity regarding the manner in which the 
research was designed and the data were collected and analysed is paramount.

In this research, an intentional qualitative research based on Case Study (CS) method-
ology was conducted in order to draw conclusions on the degree of development of the 
scientific competence of the students during the project in relation to their learning context, 
the input and support they were given, and the activities they were engaged in (Justi & van 
Driel, 2005). In order to provide the reader with the necessary elements to understand the 
case we have presented contextual information about the design of the project and meth-
odological information. Data were collected by means of semi-structured interviews with 
the students— two intermediate and one final interviews were carried out during the pro-
ject which were audio and video recorded and later transcribed—and of the analysis of the 
final reports. The questions guided the interviews were “what stages have you followed 
to develop the research? what types of questions have you been asking yourself through-
out the stages? do you think you had enough previous knowledge to solve the problem 
posed? and how have you acted on it? how did you analyse each article read? what relevant 
information have you extracted and applied from each one? what process did you follow to 
decide how to treat the data collected in your research? were all the data collected valid? 
how did you check it? what do you think has you learnt about science been part of this 
project?”.

As commented in the theoretical foundation for this work, the tools offered by the 
PISA reports are not enough to conduct a reliable evaluation of the development of these 
sub-competences, therefore, an ad hoc rubric was designed for the present study that cat-
egorised the levels of performance in the three sub-competences that comprise scientific 
competence as defined by PISA (OECD, 2016, 2019, 2022) (see Table 1). The following 
factors were taken into account in order to translate the results obtained using qualitative 
methods into the degree of development of scientific competence: that the three sub-com-
petences have the same relative value; that the three categories within each sub-compe-
tence also have the same relative value; given that we have established the maximum level 
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to be achieved in each category at 6 points, that is, if they achieve the maximum develop-
ment of a category they obtained 6 points according to the rubric, the maximum reference 
score for each sub-competence was 18 points (since there are three categories for each sub-
competence). Therefore, the maximum total score was 54 points, that equated to a 100% 
development of scientific competence.

To code the results as levels of development of the sub-competencies, we transcribed 
all interviews and also reviewed the students’ final works. We identified in these results 
the level of each of the development categories of each sub-competence and marked in the 
rubric (underlining) the level of said category. For example, in relation to sub-competence 
1, category of "scientific knowledge of the problem", the students demonstrated that they 
knew how to evaluate the basic knowledge they had to face the problem, but they also com-
plemented that basic knowledge with the knowledge necessary to solve the problem they 
were facing. Therefore, in the first category within the first sub-competence, the research-
ers considered that their degree of development was the maximum, obtaining 6 points in 
that category.

Results

The following section examines each sub-competence by means of the evidence collected 
in the interviews and the analysis of the reports written by the students at the end of the 
18-month period.

Sub‑Competence: 1‑ Explaining Phenomena Scientifically

According to PISA (OECD, 2016), this sub-competence involves a series of skills, such 
as recognising, offering and evaluating explanations of a range of natural and technologi-
cal phenomena that demonstrate the ability to: remember and apply appropriate scientific 
knowledge; identify, use and generate explanatory models and representations; make and 
justify suitable predictions; offer explanatory hypothesis; and explain the potential implica-
tions of scientific knowledge for society.

The students were given the research question and they firstly tried to understand the 
problem they had been confronted with by applying their knowledge.

“We reviewed what we had learnt in secondary education about metabolism, pho-
tosynthesis, cellular respiration... As well as helping us to outline the project, this 
served to better understand what we had been taught about the subject. We saw 
that chemistry is related to everything, for example, kinetic energy is in everything, 
the Arrhenius equation, the concentration of reactants... And the factors that affect 
the speed of the reaction, bigger pineapples degenerated sooner, as did those that 
were at a higher temperature. We also remembered the fermentation processes and 
we identified them in the experimental section. For example, we observed that when 
we smelled the pineapples. They smelled of sour apples, and when you measure the 
atmosphere, you see that there is no oxygen... We used physics, chemistry, English, 
biology, Spanish, maths, robotics, scientific culture...but all at the same time, not like 
in the classes where we work on each subject separately”.

The students were aware of the scientific knowledge required for the problem and 
searched for answers in their previous training in the subjects that they had studied. They 
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identified the need to extend their knowledge and searched in the specialised literature, as 
explained in the next section. This broadening of their scientific knowledge helped them to 
construct a more robust model and to analyse the implications for society of the topic they 
were investigating. As a consequence, they were able to formulate hypotheses and causa-
tive correlations.

“We read a lot of scientific literature in order to define the procedure to be followed. 
The procedure that we designed was similar to one that had been published but we 
thought that something that had been checked years ago, for example, 100 years ago, 
needed to be demonstrated again, because the circumstances and the context have 
changed. For example, with climate change, the manner of preserving pineapples 
may be different... repetition adds something to what has already been done, even if it 
only confirms the previous results...” “… Just as we can see in daily life, fruit is bet-
ter preserved at lower temperatures”.

Sub‑Competence: 2‑ Evaluating and Designing Scientific Research

The OECD (2016) establishes that the first step that the students must take to develop this 
sub-competence is to be able to define the research objectives and methodology. In order 
to achieve this, they must know how to search, describe and analyse published scientific 
research studies, evaluating their objectives and methodologies and using them as the basis 
for designing their own research.

As evidenced in the transcription, once the teacher had posed the research question, 
the students began the process of free enquiry, examining the scientific literature found on 
Google Scholar. In relation to this point, the students commented:

“At the beginning, the most difficult task was searching for the information and 
understanding the articles and theses that we read. We began by searching the key 
words ‘pineapple’ and ‘food preservation’. At the beginning, we didn’t understand 
anything that we read in the articles. Then we decided that after reading them we 
would try to summarise them in our own words, and if we could do that and under-
stand the summaries written by the others, we considered that we had understood 
the content of the scientific article. Each article led us to many more and we ended 
up reading an enormous amount, not only about pineapples, but also about other 
foodstuffs, for example, borage. In the end, we combined the information from all 
the readings and designed our procedure. For example, from the article on borage 
we got the idea of trying a different acid, ascorbic acid... At the start, we read all the 
articles from beginning to end, but as reading was a constant activity during the 18 
months, at the end we realised that searching for the relevant information in the body 
of the article was enough”.

These data revealed that the students have learnt to seek information in the scientific 
literature in order to provide a foundation for their research. They have understood how to 
transform that information in their own words, evaluate it and use it to tackle the problem 
scientifically. In other words, they have identified the objectives of several research pro-
jects, have analysed different methods of researching topics related to their own project, 
they have evaluated them and decided on the best methodology for their project, maintain-
ing coherence with the objectives that had been set.
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Another dimension established by the OECD (2016) as a determinant of the develop-
ment of this scientific sub-competence was the posing of researchable questions. In this 
project, the research question was set by the university teacher; however, in order to con-
duct the research, the students had to contemplate partial questions. Some examples that 
were noted during the control sessions and the final report are: “What factors influence 
the preservation of the pineapple?”. And, once the possible factors were identified, the 
students selected two of them and then enquired: “How does the type of cut influence the 
duration and method for preserving the pineapple?”, and “How does temperature influence 
the shelf life of the pineapple?”. The students posed these research questions to be resolved 
in the project, but without reasoning or substantiating their selection or the reason why 
they were researchable.

Finally, as part of this sub-competence, there was another dimension that relates the 
project to the work of a scientist. The final reports written by the students reveal that the 
students designed their research in accordance with scientific principles and working meth-
ods: the research question was clearly understood; other partial researchable questions were 
posed; scientific information on the subject was searched to design the research and sub-
stantiate the results; the students worked as a team during the project; they disseminated 
and communicated the results.

On this basis, the students designed a research project focused on analysing the preser-
vation of pineapple (Ananas Sativus) through the study of two variables: type of cut and 
temperature of preservation (Fonseca et  al., 2002). Three types of cut were considered: 
in half, the two halves cut vertically and each half cut vertically into three sections. Three 
temperatures of preservation were tested: 5ºC, 8ºC and 20ºC. The sections of pineapple 
were kept in glass jars and  CO2 and  O2 measurements were taken twice a day using Fon-
seca’s statistical method (Fonseca et al., 2002) for a week.

The Fig. 1 shows the development of the experiments at the University.
According to PISA (OECD, 2016, 2019, 2022), this sub-competence, rather than knowl-

edge of the content of science, involved the understanding of the process of establishing 
scientific knowledge and the degree of confidence in it; in other words, procedural and 
epistemic knowledge of science.

Fig. 1  Images of the development of the experimentation. The images show different moments of the 
experimentation of the students at the university installation
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Sub‑Competence: 3‑ Interpreting Data and Evidence Scientifically

Based on the principles established by the OECD (2016), students had developed this sub-
competence if they were capable of analysing and understanding scientific data, the demands 
and the arguments of a variety of representations, and were able to draw pertinent conclusions.

The students collected data on the respiration rate, modifying the variables type of cut (see 
Fig. 2) and temperature (see Fig. 3). In this point, they stated that “It is of relevant importance 
to note what is happening at each moment, otherwise, you forget it and it’s like it never hap-
pened”. The results were presented in tables and graphs that give a visual representation.

Once the data were represented the students explained that:

“We have been very conscious of the replicability of the data. For that reason, we have 
taken all the measurements three times. If we measure three times we minimise the pos-
sibility of human error and get more reliable and robust results... It is also useful if, for 
example, we had only one jar and it had been opened and, therefore, the atmosphere 
had changed. Well, if you have two more you realise something has happened, other-
wise it’s impossible to notice it.”

After contrasting the evidences with the evaluation´ rubric (Table  1), below we briefly 
show the level of development of each of the three sub-competencies (see Table 2).

)b)a

Fig. 2  Data and representation of data for the variable Type of cut on the respiration rate: a) Data repre-
sented in the form of a table; b) Data represented in the form of a graph

)b)a

Fig. 3  Data for the variable Temperature on the respiration rate: a) Data represented in the form of a table; 
b) Data represented in the form of a graph
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Discussion

This work has analysed the extent to which the BdR has favoured the acquisition of scien-
tific competence among the students who took the course. The research was structured in 
the analysis of the three sub-competences that comprise the scientific competence evalu-
ated in the PISA reports (OCDE 2016; 2019; 2022). A qualitative analysis of the develop-
ment of the three sub-competences was conducted by means of data collection. In order to 
achieve that, an ad hoc rubric was designed, which allowed the researchers to quantify the 
final development of scientific competence through the analysis of the three dimensions 
that form each sub-competence. The design and application of this rubric can also be con-
sidered a result of this research. This is because, as discussed before, although PISA estab-
lishes sub-competences as something to be developed to achieve scientific competence, it 
does not offer a specific instrument to evaluate them. In other words, due to the limitations 
of PISA evaluation resources, the design of this rubric can be very useful for the evaluation 
of scientific competence in future studies (Blanco Anaya and Díaz de Bustamante, 2017).

The results for the sub-competence “Explaining phenomena scientifically” reveal that 
the students learnt how to identify their own knowledge of the subject to be researched. 
They were able of complements with knowledge necessary to resolve the problem broaden-
ing it, thus combining their explanatory models with others. Furthermore, they also learnt 
how to evaluate predictions through substantiation using evidence and data. However, they 
did not generate arguments to support or refute hypotheses.

The results for the sub-competence “Evaluating and designing research” show that the 
students searched for, read, described in their own words and evaluated several scientific 
research studies. They also offered proposals for approaching scientific questions, which 
demonstrated their ability to identify the question examined in a scientific study, recog-
nise questions that could be scientifically investigated, propose a method for scientifically 
exploring a given question, evaluate the methods for scientifically exploring a given ques-
tion, and describe and evaluate the way in which scientists ensure the reliability of data, 
objectivity and the generalisation of explanations. The students also posed researchable 
scientific questions that formed the basis for their research, although they have not estab-
lished arguments to justify the said questions.

As regards the sub-competence “Interpreting data and evidence scientifically”, the data 
demonstrate that the students acquired the ability to identify assumptions, evidence and 
reasoning in the texts about science. They were also able to differentiate arguments that 
were based on theory and scientific evidence from those based on other considerations. 
They were able evaluate arguments and scientific evidence from different sources and 
transform the data from one type of representation to another. Finally, they could further 
analyse and interpret data and draw pertinent conclusions.

These qualitative results have been quantified through the rubric designed for that pur-
pose. Attending to the punctuation of the rubric, the students developed the first sub-com-
petence in 17 of the 18 maximum points, the second sub-competence in 16 of 18 maxi-
mum points and the third sub-competence in 17 of the 18 maximum points. As a result, the 
degree of development of scientific competence of the students gained through the BdR 
was 92.6% (50 points of 54 maximum punctuation).

In summary, the results proved the students demonstrated their scientific knowledge 
of content, procedural and epistemic (Kind & Osborne, 2017), which correspond with 
three goals of science education highlighted by Hodson (2014): learning science (content 
knowledge), learning about science (epistemic knowledge), and doing science (procedural 
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knowledge). They demonstrated this knowledge by means of the development of the three 
sub-competences along the project (explaining phenomena scientifically; evaluating and 
designing scientific research; and interpreting scientific data and evidence) thus, the project 
favoured their scientific competency (Sadler & Zeidler, 2009).

Conclusions

Compulsory science education must train scientifically competent students. According to 
the OECD, a scientifically competent student is one who demonstrates having developed 
the three sub-competences that this organization has established (Sadler & Zeidler, 2009). 
This same organization, through PISA evaluations, is responsible for evaluating the compe-
tence of students from different countries every three years. In Spain, where science results 
are not among the best, science education in the last two years of high school focuses in 
the opposite direction. This teaching is limited to training students in solving problems that 
allow them to pass the University entrance test. In this sense, a type of baccalaureate that 
focused on the teaching of competency skills was identified as necessary.

This work has analyzed the development of scientific competence of a convenience 
sample, who for 18 months have developed a scientific project, tutored by their high school 
teacher and a university teacher/researcher. The students were free to design and develop a 
methodology, which had to be based on the work of scientists, to answer a research ques-
tion. Throughout the project, data was collected through interviews and a final report, to 
what extent it helped the development of each of the three sub-competencies, concluding 
the following. To evaluate development, a rubric was designed based on PISA guidelines. 
This rubric has turned out to be valuable for the evaluation of these sub-competencies. 
Each of the three sub-competencies were put into play throughout the development of 
the project, reaching high levels of development in each of them. It can be concluded that 
the students were able to design their own research, search for work to support their own, 
search for necessary information, identify their partial research questions, establish what 
materials they needed, decide variables to analyze, collect and represent the data found, 
draw conclusions and present their results. It can be concluded that they have approached 
the knowledge of the nature of science (Rosales Ortega et al., 2020) and that, without a 
doubt, they have applied knowledge itself more than memorization (Gallardo-Gil et  al., 
2010).

However, another of the conclusions reached was that its design favors the development 
and scientific practice of argumentation to a lesser extent. That is to say, the students have 
not found space to establish arguments, at least sufficiently founded arguments and this 
is important since it is related to the identification of scientific reasoning, as established 
(Krell et  al., 2020). We propose that, as a future study, a control test be incorporated to 
facilitate this, such as, for example, instead of one of the interviews, the tutors would pro-
pose holding a debate on specific aspects of the research. Debates are educational tools that 
promote argumentation in the classroom (Cascarosa et al., 2019).

Another relevant conclusion is in relation to the research design: This research follows a 
case study methodology, which offers a framework for validating the research in the context in 
which it has been carried out (Justi & van Driel, 2005), but research would be necessary in a 
different context that would allow validate the generalization of the results found. There is also 
a limitation on the sample number of this study, due to the small number of participants in the 
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project. In the future, the sample should be expanded to be able to make a more robust treat-
ment of the research results.

In relation to the implications of this research for high school science, this research shows 
an example of how science can be worked on, in the last years of secondary education, devel-
oping scientific competence. Therefore, it is demonstrated that an alternative way of teaching 
and learning science is possible in such complex courses.

Limitations

This paper presents a study that is relevant to understanding how the high school diploma 
of research favours the development of scientific competence in students. The study involved 
a structured, systematic analysis of the sub-competences that define scientific competence. 
The quantitative and qualitative results are undoubtedly promising (the results showed 
92.6% development of scientific competence), the study has limitations that should be taken 
into account. The most relevant limitation is that the study was developed using case study 
methodology; consequently, the results are only valid for the context in which the project was 
developed. Therefore, the sample and the context of analysis should be generalised in order 
to consolidate statistically significant results. For this reason, an extension of the study with a 
sample consisting of all the students of the high school diploma of research is being consid-
ered, but given that each group of students develops a different project with different collabo-
rating organisations the work would require a considerable amount of time.
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