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Abstract

:

The study aimed to identify the scientific literacy level of students at the end of the third cycle of Portuguese basic education and verify how the variables sex, failure, a liking for the subject, socio-economic level of the schools and course option in secondary education were related to the students’ scientific literacy levels. Data from the ALCE instrument, answered by 516 ninth-grade students from 20 public schools in mainland Portugal, revealed that 64.14% were classified as being scientifically literate and that most students were had a moderate level of scientific literacy. On average, significant differences were observed only between the students’ scientific literacy levels and the variables related to a liking for natural science and physical chemistry subjects, course option in secondary education and socio-economic level of the schools. Among the investigated variables, only the option of vocational courses, the option of science and technology and a liking for physical chemistry were able to predict, partially, the students’ scientific literacy levels. In summary, the results of the scientific literacy level of the students and the number of scientifically literate students were positive and similar to those verified in external evaluations and in other studies assessing the scientific literacy of this education cycle or similar.
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1. Introduction


In 2015, the World Economic Forum, through the report New Vision for Education—Unlocking the Potential of Technology (World Economic Forum 2015), published a list of 16 skills needed by students in the 21st century. Among them, six skills were identified that came to constitute the group of what were then called foundational literacies, which “serve as the base upon which students need to build more advanced and equally important competencies and character qualities” (World Economic Forum 2015, p. 2), namely, reading literacies, numeracy, scientific literacy, ICT literacy, financial literacy and cultural and civic literacy.



The development of these multiple literacies, especially at school, as a space for learning and skills development (Martins et al. 2017), should be promoted in order to respond to current demands and requirements. These are largely due to the intensification of the pace of scientific and technological development and exponential growth in information on a global scale, consequently bringing multiple challenges to education, related, for example, to identity and security, sustainability, interculturality, innovation and creativity (Martins et al. 2017).



As stated by Vizzotto and Del Pino (2020), it is expected that students, upon completing compulsory education, will have developed skills that will enable them to understand and act in their daily lives in a critical and responsible way. According to the authors, in general, scientific literacy shares this goal and contributes significantly to this process.



Defined by the Organisation for Economic Co-operation and Development (OECD) as “the ability to engage with science-related issues, and with the ideas of science, as a reflective citizen” (OECD 2017, p. 22), scientific literacy is recognised as the main goal of science education in several countries around the world (DeBoer 2000; Odegaard et al. 2015; Wang and Zhao 2016; World Economic Forum 2015; Yacoubian 2018). For Miller (1983), one of the first researchers to propose a definition for scientific literacy, a scientifically literate person is one who, in addition to understanding scientific nomenclatures and concepts, understands the process of scientific knowledge production and also how science and technology impact society and the environment.



In Portugal, the education system is compulsory from 6 to 18 years of age and comprises basic education (organised in three cycles: first cycle from first to fourth grade, second cycle from fifth to sixth grade and third cycle from seventh to ninth grade) and secondary education (from tenth to twelfth grade). In particular, in the third cycle of basic education, the last cycle in which all students must participate in all subjects aimed at addressing scientific literacy, these skills are developed in the two subjects that compose the area of physical and natural sciences: natural sciences and physical chemistry. Both subjects are ruled by two curricular reference documents, the Essential Learnings and the Students’ Profile by the End of Compulsory Schooling, in which the acquisition of scientific literacy skills in students is notably and clearly recommended.



In the Essential Learnings of Physical Chemistry (DGE 2018d, 2018e, 2018f), scientific literacy is stated as its main goal. According to the document, the subject of physical chemistry “aims to contribute to the development of scientific literacy in students, arousing curiosity about the world around us and interest in Science” (DGE 2018d, p. 1; DGE 2018e, p. 1; DGE 2018f, p. 1). The Essential Learnings in Physical Chemistry also states that students who complete the subject at the end of the third cycle will be equipped with scientific literacy skills that will allow them to mobilise their understanding of scientific processes and phenomena for decision-making, aware of the implications of science in today’s world, in order to exercise a participatory citizenship (DGE 2018d, p. 2; DGE 2018e, p. 2; DGE 2018f, p. 2).



Similarly, the Essential Learnings of Natural Sciences (DGE 2018a, 2018b, 2018c), although not making explicit reference to the term scientific literacy, assumes it as the subject objective. As stated in the document, the subject of natural sciences aims to broaden the horizons of learning, providing students with access to relevant products of science and its processes, through the understanding of the limits and potentialities of science and its technological applications in society. On the other hand, it is sought after that students become aware of the impact of human intervention on Earth and the need to adopt behaviours of active and fair citizenship, consistent with sustainable development (DGE 2018a, p. 2; DGE 2018b, p. 2; DGE 2018c, p. 2)



The Students’ Profile by the End of Compulsory Schooling (Martins et al. 2017), a document presented as a reference for the organisation of the entire Portuguese education system, mentions the need for the development of multiple literacies, including scientific literacy. According to the Profile, it is intended that, by the end of compulsory education, the school should be able to promote the development of multiple literacies, enabling students to “critically analyse and question reality, evaluate and select information, formulate hypotheses and make informed decisions in their daily lives” (Martins et al. 2017, p. 15).



From this perspective, it can be seen that the Portuguese curriculum documents ruling on the subjects of physical and natural sciences of the third cycle of basic education are in line with the global trend of declaring scientific literacy as the main goal of science education. Analysing the continuous trend improvement in Portugal’s results in the international assessments Programme for International Student Assessment (PISA) and Trends in International Mathematics and Science Study (TIMSS), it is assumed that a development in students’ scientific literacy skills is taking place and producing positive effects.



However, despite the continuous improvement, Galvão et al. (2017) point out that the results are below expectations. According to the authors, “a discrepancy persists between what would be expected in terms of students’ performances in international examinations (such as PISA, constructed in the light of international recommendations) and what students actually achieve” (Galvão et al. 2017, p. 15).



In this sense, it becomes necessary to monitor the scientific literacy level of Portuguese students more periodically than just every three or four years, as is the case with the results of these international assessments. This implies using different instruments for assessing scientific literacy, at local, regional and national levels, in order to collect the necessary information to propose more frequent and punctual changes in education plans, methodologies and practices of the subjects of natural sciences and physical chemistry, aspiring to a development in scientific literacy skills in students.



It was in this context that the study presented in this article aimed to assess the scientific literacy level of students at the end of the third cycle of Portuguese basic education. This survey will allow us to envisage future paths for adequate scientific and technological education in schools in Portugal.



Therefore, the following research questions were designed: (1) What is the scientific literacy level of students at the end of the third cycle of basic education? (2) How many students are scientifically literate? (3) Is there a difference in the scientific literacy level between male and female students? (4) Is there a difference in the scientific literacy level between students who have already failed natural sciences and physical chemistry and those who have never failed them? (5) Is there a difference in the scientific literacy level between students who intend to choose different courses in secondary education? (6) Is there a difference in the scientific literacy level among students from schools with favourable, intermediate and unfavourable socio-economic levels? (7) Is there a difference in the scientific literacy level among students who like and do not like the subjects of natural sciences and physical chemistry? (8) Which one or which of these variables are able to predict the scientific literacy level of students?



The between-group comparisons needed to answer these research questions were based on differences already noted in the literature in studies conducted in different contexts. For example, with regard to sex, both the PISA 2018 and TIMSS 2019 Portugal reports indicate that boys have higher average scores than girls. Such results are in accordance with those presented by most countries participating in the two tests, in which girls present the highest average score (Duarte et al. 2020; Lourenço et al. 2019).



In terms of failure in subjects, several studies highlight the fact that retention is a factor that impairs the performance of students in international assessments (Pinto et al. 2019). The study by Moreira et al. (2010), for example, reveals that, in PISA 2006, there was a 44-point difference in favour of the group of non-retained Portuguese students in the average score of the science test in relation to students who had been retained once, twice or three times.



Regarding the variable course option in secondary education, in Portugal, the TIMSS 2019 report showed that one in two boys with high performance in science intend to follow a profession in science and, in the case of girls, one in seven intend to do so (Duarte et al. 2020).



In the case of groups of students from schools with favourable, inter-mediate and unfavourable socio-economic levels, several studies show that students with lower performance are found in the most unfavourable socio-economic contexts, with these two variables being associated (Pinto et al. 2019). Furthermore, the results of Portuguese students in TIMSS 2019 revealed that students from more socio-economically advantaged schools scored better than those from more-disadvantaged schools.



Finally, regarding the variable of liking or not liking the subjects of natural sciences and physical chemistry, the study of Pinto et al. (2019), by analysing the relationship between student performance in science and a liking for scientific subjects, revealed that a liking for science has a positive impact on student performance.



From this perspective, it is expected that the answers to the research questions will contribute to contextualising the results of the application of the instrument and to the discussions about science teaching and a development in scientific literacy in primary education.




2. Methodology


2.1. The Instrument


From a methodological point of view, the study applied the Avaliação da Literacia Científica Essencial (ALCE) instrument to Portuguese 9th-grade students. The ALCE consists of 34 items in “true-false-don’t know” format, divided into three subtests—nature of science (NS), impact of science and technology on society (ISTS) and content of science (CS)—as shown in Table 1.



For the purposes of this study, two groups of questions were added. The first, consisting of four items, was added to collect sociodemographic data: (1) sex (male/female); (2) age; (3) school year and (4) school where you study. The second group consisted of five items of covariates, whose purpose it was to contextualise the students’ performance results: (1) Do you like the subject of natural sciences (Likert scale between 1 = I don’t like it and 5 = I adore it)? (2) Have you ever failed the subject of natural sciences (yes/no)? (3) Do you like the subject of physical chemistry (Likert scale between 1 = I don’t like it and 5 = I adore it)? (4) Have you ever failed the subject of physical chemistry (yes/no)? (5) Which course do you intend to choose in secondary education (science and technology course/socio-economic sciences course/languages and humanities course/visual arts course/professional courses)?



The data on the socio-economic level of the schools were taken from the Infoescolas Portal (Ministério da Educação e Ciência 2022) of the Portuguese Ministry of Education and Science. This information classifies schools into three distinct groups, namely, favourable, in which less than 25% of students are covered by the School Social Action programme; intermediate, in which 25% to 50% of students are covered by the School Social Action programme; and unfavourable, in which more than 50% of students are covered by the School Social Action programme (DGEEC 2023).



The 34 items that make up, properly, the ALCE assess three cognitive domains of the revised Bloom Taxonomy (Anderson et al. 2001): understanding, analysis and evaluation of problems and everyday situations involving skills from the area of physical and natural sciences to find a solution. This set of skills appears in the following Portuguese curriculum documents of physical and natural sciences of the 3rd cycle of basic education, up to the time it was developed in force: Curricular Guidelines for the 3rd cycle of Basic Education—Physical and Natural Sciences (DEB 2001), Essential Learnings in Natural Sciences and Physical Chemistry (DGE 2018a, 2018b, 2018c, 2018d, 2018e, 2018f) and Students’ Profile by the End of Compulsory Schooling (Martins et al. 2017).



The items of the ALCE are interpretative, consisting of one or more highlighted phrases in italics or bold, which should be taken as true, followed by a sentence without any highlight, which should be judged as true or false. An example item from each subtest is presented below:




Laws and theories are part of science. While laws describe natural phenomena, theories use them to propose an explanation of such phenomena. Once a theory has been established, scientists in the field set aside research related to that theory and start studying other phenomena, since, because it is a scientific theory, it is considered as an incontestable truth by the scientific community.



(NS subtest item)






The techno-scientific revolution associates scientific knowledge with the use of technology in industrial production. In regard to this association, advances in science enable a development in new technologies and these enable the production of more scientific knowledge, making science and technology inseparable areas.



(ISTS subtest item)






Rocks formed in the past and preserved can be considered as the geological memory of planet Earth. The fact that some rocks have fossil records allows scientists to perform relative dating. Thus, it is possible to date the layers of rocks on the basis of the fossils that they contain, allowing the age of the rock to be related to the age of the fossil preserved in it.



(CS subtest item)






2.2. Validation of the Instrument


The instrument’s validation process was carried out through the collection of validity evidence based on the content (Coppi et al. 2022) and validity evidence based on the internal structure, as proposed by Pasquali (2009). The first group of evidence was obtained from the definition of the cognitive domains; the definition of the universe of content; the definition of the representativeness of the content; the preparation of the specification table; the construction of the instrument; the theoretical analysis of the items, designed by a panel composed of ten experts in the areas of educational sciences, biology, geology, physics and chemistry, who verified the representativeness, relevance and quality of the items; and the empirical analysis of the items, which consisted of the psychometric evaluation of the items, using item response theory (IRT), by submitting the instrument to a pilot test, consisting of 35 items, applied to a sample of students in the 10th grade, recently graduated from the 9th grade, selected “by convenience” (Ghiglione and Matalon 1992; Hill and Hill 2005). This application was carried out at the beginning of the 2020/2021 school year, in digital format, by means of the LimeSurvey software, version 3.25.17, in the classroom and in the presence of teachers. The IRT technique was also used to collect validity evidence based on the internal structure, obtained through the IRT information functions, the Kernel density estimate of the subtests and the students’ proficiency level (θ).



After analysing the results of the collection of validity evidence based on the content and on the internal structure of the instrument, it was found that some items were classified as very easy and others were classified as very difficult, when compared to the samples’ proficiency level. In this sense, and with the purpose of better adapting the instrument to the characteristics of students in this education cycle, these items were again submitted to the panel of experts, who contributed to changes in terms of understanding, relevance and clarity of the items and to the exclusion of one item, leading to the final version of the ALCE, composed of a total of 34 items. In this version, it was found that the items were adequate for the students’ proficiency level, validating the use of the results for the proposed objectives.




2.3. Proceedings


The application of the ALCE final version was authorised by the Directorate General for Innovation and Curriculum Development, through the School Survey Monitoring System, under the registration no. 0740900001.



At the end of the 2021/2022 school year (between April and June 2022), the link to access the instrument on the LimeSurvey platform was sent via e-mail to the directors of all public schools in mainland Portugal, who were asked to forward it to the teachers of the subjects of natural sciences and physics–chemistry. The e-mail contained instructions for accessing, reading and applying the instrument on the LimeSurvey platform. The directors and teachers were asked to have the students answer the instrument in the school’s computer room and in the presence of the natural sciences and physical chemistry teachers.




2.4. Participants


The ALCE was answered by 516 9th-grade students from 20 public schools in mainland Portugal. Of these students, 259 (50.2%) were male and 257 (49.8%) were female. The average age of the respondents was 14.69 years (SD = 0.88).



It is important to note that the sample is not representative and, therefore, the results cannot be generalised to the population of Portuguese students in the 3rd cycle of basic education.




2.5. Data Analysis Procedure


The data were analysed using statistical procedures comprising frequency analysis, t-Student test, analysis of variance (ANOVA) and regression analysis, carried out using SPSS software, v. 27. Frequency analysis was carried out to identify the number of correct answers and the students’ scientific literacy levels. The t-Student test for independent samples was used to analyse the comparison of the means of the students’ scientific literacy levels by sex, by failure, meaning whether or not they had already failed the subjects natural sciences and physical chemistry, and by the course they intended to choose in secondary education.



The ANOVA, whose employed post hoc was Tukey’s, was applied for the analysis of comparison of the means of the students’ scientific literacy levels according to their liking for the subjects of natural sciences and physical chemistry and to the socio-economic level of the schools. This last analysis took into account the scientific literacy level and the number of correct answers by the students. Finally, multiple linear regression analysis was employed in order to describe the relationship between the independent variables sex, failure, a liking for the subject, socio-economic level of the school and course option in secondary education and the dependent variable scientific literacy level of the responding students. It is worth noting that all of the prerequisites of the statistical analyses used were met.




2.6. Instrument Scoring and Classification Criteria


Regarding the format of the items and the attribution of the score of the ALCE items, it was decided that it be performed dichotomously: one point awarded per item for a correct answer, and zero awarded for a wrong answer. The correct number of answers were summed in order to form the total score per subtest which, when added, formed the overall ALCE score.



The option “don’t know” was added in order to be marked if the student had no knowledge of the content or skill requested by the item. According to Ebel and Frisbie (1991), adding this option in survey questionnaires significantly reduces the number of correct answers obtained only through guessing. In addition, the inclusion of the “don’t know” option was also aimed at collecting important data for teachers regarding students’ knowledge. Items with large numbers of answers in this option were able to inform teachers that certain content or a certain skill were not effectively assimilated by the students, or even that it was not worked on in the classroom or was worthy of greater attention from teachers in the reformulation of their classes and teaching strategies. Therefore, in terms of scoring and classification criteria, items marked with the option “don’t know” also received a score of zero.



Taking into account the logic of the instrument, the students’ classification in each subtest was determined in five levels of scientific literacy—very low, low, moderate, high and very high—according to the percentage and number of correct answers in the items, as shown in Table 2.



This distribution follows the assessment scoring model adopted in the Portuguese 3rd cycle of basic education (Despacho Normativo n.º 1-F/2016 do Ministério da Educação 2016). In this model, the tests are graded on a percentage scale from 0 to 100, and the final classification of the test is converted into a scale from 1 to 5, following the following distribution: level 1, from 0 to 19%; level 2, from 20 to 49%; level 3, from 50 to 69%; level 4, from 70 to 89% and level 5, from 90 to 100%. To be approved, students need to reach at least level 3 on the scale.



The same categories and scale were used for the classification of the students’ general scientific literacy level. This was obtained by averaging the scientific literacy levels of the three subtests, as presented in Table 3. Students who reached at least the moderate level of scientific literacy were considered to be scientifically literate.





3. Results and Discussion


3.1. Students’ Scientific Literacy Levels


The results revealed that most of the students had a moderate level of scientific literacy. Of the 516 responding students, 255 (49.4%) were classified at this level, 184 (35.7%) were classified at the low level, 74 (14.3%) were classified at the high level and 3 (0.6%) were classified at the very high level (Figure 1). No students were rated as having a very low level of scientific literacy.



It is observed that, in accordance with the logic of the instrument and the established classification criteria, more than half of the responding students, 331 (64.14%), were classified as being scientifically literate, as they reached at least the moderate level of scientific literacy. The characteristics of the scientifically literate students are described in Table 4.



Despite the fact that the assessed result related to the level of scientific literacy of students in the third cycle of basic education was positive, that is, that 64.14% of students were classified as being scientifically literate, the data revealed that more than a third of students (36%) did not reach the minimum performance to be classified as being scientifically literate. Furthermore, it was observed that only 14.9% of the students were classified in the above-moderate levels of scientific literacy.



Although it is not possible to make a strict and direct comparison between classification levels, the results support those released in the latest reports of Portugal’s performance in TIMSS 2019 (Duarte et al. 2020) and PISA 2018 (Lourenço et al. 2019). In the TIMSS 2019 assessment, 73% of Portuguese students reached the intermediate level of performance in science (Duarte et al. 2020). The report displays that 34% of students reached the high level and only 7% reached the advanced level on the TIMSS scale.



According to Duarte et al. (2020), the overall result of the Portuguese students shows that the majority present intermediate-level skills, demonstrating some knowledge in the areas of biology and physics. However, due to the low number of students at the high and advanced levels, a minority showed skills to apply the knowledge of biology, chemistry, physics and earth sciences and to characterise the concepts of such areas in a contextual plurality (Duarte et al. 2020).



The same could be verified in the ALCE. Among the items with a wrong answer rate above 50%, two belonged to the NS and ISST subtests and twelve belonged to the CS subtest. Of these twelve, one corresponded to the area of natural sciences, one corresponded to the area of geology, six corresponded to the area of physical chemistry and four corresponded to the area of biology. Only analysing the items with a wrong answer rate above 70%, six items were identified: two in the area of chemistry, three in the area of physics and one in the area of biology, indicating a certain difficulty encountered by students in these areas.



Comparing the results with those of the PISA 2018 report, it can be seen that the performance of Portuguese students in the international assessment was higher than in the present study, although the results showed variations according to the region of the country. As the report points out, in the 2018 assessment, 80% of the students reached level 2 of proficiency in the science assessment (Lourenço et al. 2019). At this level, students have basic skills for understanding science (Saraiva 2017) and for using scientific knowledge to appropriately explain everyday events scientifically (Marôco et al. 2016), skills that are similar to those assessed by the ALCE.



However, in line with the results obtained in the ALCE and TIMSS 2019, only 5.1% and 0.5% of students reached levels 5 and 6 on the PISA scale, respectively. According to the PISA 2018 grading rubric, levels 5 and 6 demand the mastery of skills of higher complexity, in which students are able, for example, to “apply their knowledge of and about science autonomously and creatively to a wide variety of situations, even the least familiar” (Lourenço et al. 2019, p. vii).



For Soobard and Rannikmäe (2011), a small number of individuals were expected to occupy higher levels in assessments that addressed all levels of scientific literacy. The authors argue that “it is not yet clear whether students are capable to give answers at higher levels of scientific literacy where questions require this, or whether students are not able to answer at this level” (Soobard and Rannikmäe 2011, p. 141).



The results of the ALCE are close to those shown in the studies of Oliveira and Silva-Forsberg (2012) and Özdem et al. (2010), who applied an adapted version of the Test of Basic Scientific Literacy—developed by Laugksch and Spargo (1996), and based on the same assumptions of Miller’s (1983) scientific literacy that were used for the construction of the ALCE—to Brazilian and Turkish primary school students, respectively. In Oliveira and Silva-Forsberg’s (2012) study, while 66% of the students achieved at least the minimum number of correct answers to be classified as being scientifically literate, only 23.5% obtained ratings at the higher levels of satisfactory, good and very good. In the research of Özdem et al. (2010), on the other hand, the authors identified that the student respondents had a moderate level of scientific literacy.



When compared with other studies whose objective was to assess the scientific literacy of students in the third cycle of basic education, or of similar school years (Coppi and Sousa 2019; Jufri et al. 2019; Koedsri and Ngudgratoke 2018; Rachmatullah et al. 2016; Vizzotto et al. 2020), it is evident that the ALCE results are more positive than the others, since they all revealed that the majority of the students assessed did not obtain the minimum correctness on the items of the instruments to be considered as being scientifically literate. It should be noted, however, that the contexts of application, the assessment instruments used and the number of participants of these studies were not the same as those of the present study. Coppi and Sousa (2019), for example, applied the Test of Basic Scientific Literacy in 189 ninth-grade students from a private school in Brazil. Vizzotto et al. (2020) applied a simplified version of the Test of Basic Scientific Literacy in 125 ninth-grade students from a public school, convened with the Federal University of Rio Grande. Rachmatullah et al. (2016), in Indonesia, applied the Scientific Literacy Assessment in 223 students of the third cycle of basic education. And, Koedsri and Ngudgratoke (2018) applied a scientific literacy assessment instrument, built by the authors themselves, to 270 ninth-grade students from a school in Thailand.




3.2. Scientific Literacy Level According to the Variable Sex


No significant differences were found in the average level of scientific literacy between male and female students. Moreover, when analysing the amount of scientifically literate male and female students, presented in Table 4, it is observed that there are slightly more boys than girls, 169 (33%) and 162 (31%), respectively. However, when analysing the number of male and female students at the two highest levels of the scale (high and very high), it can be observed that the number of boys is greater than that of girls, 45 and 32, respectively.



These results are consistent with those presented in the PISA 2018 (Lourenço et al. 2019) and TIMSS 2019 reports, in which the mean score of boys was higher than that of girls, being significant in the case of TIMSS (Duarte et al. 2020). However, they contradict the trend in the average performance results of OECD participant countries and TIMSS 2019 countries, in which girls have the highest average scores in science tests.




3.3. Scientific Literacy Level According to the Variable Failure in the Subjects of Natural Sciences and Physical Chemistry


With regard to the characteristics of the scientifically literate students in relation to the variable failure in the subjects of natural sciences and physical chemistry, Table 4 shows that most of the scientifically literate students were those who never failed the two subjects, 61% and 59%, respectively. Nevertheless, considering the difference in the average level of scientific literacy between the groups, significant differences were observed only between the average of the students who had failed the subject of physical chemistry and those who had not failed it. The average scientific literacy level of students who had not failed the subject physical chemistry (M = 2.80; SD = 0.74) in previous years was significantly higher [t(514) = −2.702, p < 0.01] than that of students who had already failed it (M = 2.51; SD = 0.67).



Several studies related to the effects of school failure show that it does not promote benefits, but on the contrary, produces negative effects on students’ performance (Rebelo 2009). Jimerson and Ferguson (2007), for example, analysed the school performance of students in the fourth, fifth, eighth, tenth and eleventh grades and found that retained students obtained, on average, significantly lower performances than those who passed. Fernandes et al. (2018), meanwhile, analysing the school performance of Brazilian students at the end of primary education, a cycle equivalent to the end of the third cycle of basic education in Portugal, showed that the higher the number of failures, the lower the students’ school performance. The authors also revealed that the variable with the greatest weight on students’ school performance was school failure, showing a negative association with it (Fernandes et al. 2018).



Moreira et al. (2010), for their part, claim that retention is a more predictive factor than socio-economic and cultural background, arguing that in the PISA 2006 science test there was a 44-point difference in favour of the group of non-retained Portuguese students in the mean score of the science test, in relation to students who had already been retained once, twice or three times.




3.4. Scientific Literacy Level According to the Variable Liking for the Subjects of Natural Sciences and Physical Chemistry


The results presented in Table 4 reveal that, for the subjects of natural sciences and physical chemistry, the largest number of scientifically literate students belongs to the groups of students who like the subjects. It is also observed that, for both subjects, the number of students who like them a lot and who adore them is greater than those who do not like them or do not like them very much.



Regarding the distribution of students’ scientific literacy levels on the variable of a liking for the subject of natural sciences, statistically significant differences [F(4, 511) = 5.463, p < 0.001] were found for the mean literacy level of students who were in the five categories of the liking for the subject. The analysis revealed that the average level of scientific literacy of students who adored the subject of natural sciences (M = 3.05; SD = 0.75) was significantly higher (p < 0.01, p < 0.05 and p < 0.05, respectively) than the students who only liked it (M = 2.70; SD = 0.72), did not like it very much (M = 2.67; SD = 0.72) or did not like the subject (M = 2.41; SD = 0.51) (Figure 2).



Statistically significant results were also found in the case of the physical chemistry subject [F(4, 511) = 8.39, p < 0.001]. The average scientific literacy level of students who liked it (M = 2.70; SD = 0.72), liked it a lot (M = 2.92; SD = 0.74) and adored the subject (M = 3.05; SD = 0.75) was significantly higher (p ≤ 0.05, p < 0.001 and p < 0.001, respectively) than that of students who did not like it (M = 2.41; SD = 0.51). The mean of students who liked it a lot (M = 2.92; SD = 0.74) and adored physical chemistry (M = 3.05; SD = 0.75) was also statistically significantly higher (p < 0.001, and p < 0.01, respectively) than that of students who did not like it very much (M = 2.67; SD = 0.72). And, the mean of students who liked the subject a lot (M = 2.92; SD = 0.74) was also statistically significantly higher than that of students who only liked it (M = 2.70; SD = 0.72) (Figure 3).



To a certain degree, the observed result was expected. The positive impact of the student’s motivational effect on their performance has already been described in the literature (Cavalcanti 2009; Kpolovie et al. 2014; Oliveira 2021). According to Kpolovie et al. (2014), students’ interest is directly related to their choices of engagement with subjects and the study time devoted to them, for example. Consequently, students tend to dedicate more and make an effort to study the subjects that they enjoy the most.



The study of Cavalcanti (2009) supports the above. According to the author, the student’s interest in learning was the factor that showed the most positive and moderate correlation index with the intrinsic motivation to learn. Corroborating this, Silva et al. (2018), in research in which they analysed the relationship between liking chemistry and the students’ difficulty in the subject, conclude that the students’ positive or negative relationship with the subject is closely linked to their learning. This means that in the same way that liking the subject of chemistry facilitates students’ learning, the reverse is also true, that is, the fact that the student does not like the subject will make it difficult for them to understand it. Furthermore, Pereira (2019), analysing a liking for science, measured through interest and enjoyment when learning and carrying out assignments in science and liking to read about scientific content, evidenced that the more students demonstrate these behaviours, the better their performance in science subjects.




3.5. Scientific Literacy Level According to the Course Option in Secondary Education


Regarding the characteristics of the scientifically literate students with reference to the variable course option in secondary education, it can be observed in Table 4 that most of the scientifically literate students intended to choose the science and technology course (27%), followed by professional courses (14%), languages and humanities course (10%), socio-economic sciences course (7%) and visual arts course (5%). However, considering the difference in the average level of scientific literacy between the groups intending or not to choose these courses in secondary education, significant differences were found only between the mean of students who did or did not intend to choose the science and technology course and the vocational courses.



The average scientific literacy level of students intending to choose the science and technology course (M = 3.08; SD = 0.73) was statistically higher [t(514) = 323.50, p < 0.001] than that of students not intending to choose it (M = 2.62; SD = 0.69). Conversely, the average scientific literacy level of students aspiring to opt for vocational courses (M = 2.48; SD = 0.68) was statistically lower [t(514) = −6.234, p < 0.001] than that of students not intending to pursue such courses (M = 2.90; SD = 0.73).



The data reinforce the previous results related to the students’ liking for the subjects of natural sciences and physical chemistry. Moreover, these results are in line with the conclusions of the studies of de Camargo et al. (2011), Nascimento-Schulze et al. (2006) and Vizzotto and Del Pino (2020), which identified an interest for the scientific–technological context as being one of the factors that best explained the difference in students’ performance in scientific literacy tests. They are also supported by the research of Noronha and Ambiel (2009), who demonstrated the existence of relationships between the variables school performance and professional interests of the sample studied, and the Portuguese PISA 2018 report, which showed that 48% of boys with high performance in science intend to follow a profession in science and engineering and, in the case of girls, only 15% think of choosing this area (Duarte et al. 2020).




3.6. Scientific Literacy Level According to Socio-Economic Level of the Schools


The results shown in Table 4 reveal that approximately one third of the scientifically literate students study in schools with an intermediate socio-economic level (33%), followed by those studying in schools with unfavourable (16%) and favourable (15%) socio-economic levels, respectively. Moreover, the results of the ANOVA involving the scientific literacy level and the variable socio-economic level of the schools revealed statistical differences between students belonging to schools with favourable and unfavourable socio-economic contexts [F(2, 513) = 3.32, p < 0.05]. On average, the scientific literacy level of students studying in schools with a favourable socio-economic background (M = 2.93; SD = 0.77) was statistically higher (p < 0.05) than the level of students whose background was unfavourable (M = 2.69; SD = 0.65). There was no significant difference between the average scientific literacy level of students from schools with an intermediate socio-economic background (M = 2.76; SD = 0.76) and those with unfavourable and favourable levels.



In Portugal, there is constant concern regarding the socio-economic equity of students. The effect of the school’s socio-economic background on students’ achievements, related to timely conclusion and success in national tests, is one of the factors that has been explored by the Directorate for Statistics on Education and Science of Portugal. In the last report on school achievement and equity available, it was observed that, in the third cycle of basic education, the results of students from schools with an unfavourable socio-economic context were slightly lower than those from schools with a favourable context (DGEEC 2023). Furthermore, according to the 2022 report, although the differences are not very expressive, schools in more favourable socio-economic contexts also tend to show slightly higher results in the educational achievement of students compared with those from unfavourable socio-economic backgrounds (DGEEC 2022).



According to the 2021 and 2022 reports, the impact of the school’s socio-educational context has also been observed in international studies (DGEEC 2021, 2022). Studies and reports of international assessments, such as PISA and TIMSS, show that socio-economically disadvantaged students have a greater tendency to obtain lower performances, to repeat school years and to show early school leaving, when compared to their peers (Savvides et al. 2021; Sudbrack and Fonseca 2021).



According to the PISA 2018 report (Lourenço et al. 2019), in Portugal, “the probability that a student from among the 25% most disadvantaged obtain a score below proficiency level 2 is approximately three times higher than that of a student with higher socio-economic status obtaining that score” (p. VIII). Furthermore, the difference between the economic, social and cultural statuses (ESCSs) of the most-advantaged and least-advantaged students, that is, those with an ESCS above the 95th percentile of the socio-economic and cultural status distribution and those with an ESCS below the 5th percentile, respectively, is 3.6 points. This difference is above the 2.9 points of the OECD countries as a whole, positioning Portugal among the countries with the greatest economic, social and cultural disparity in terms of ESCS distribution (Lourenço et al. 2019).



In the TIMSS 2019 report (Duarte et al. 2020), the results were similar. It was found that, in the science assessment, Portuguese students from schools with a more-advantaged socio-economic composition scored, on average, 34 points more than students attending more-disadvantaged schools, 16 points less than the average of the participating countries. In the present study, and analogous to the results of the scientific literacy level, there was a significant difference [F(2, 513) = 3.23, p < 0.05] only between the mean score of the correct answers of students coming from schools with favourable (M = 17.32; SD = 5.14; p < 0.05) and unfavourable socio-economic status (M = 15.79; SD = 4.11), with the former being higher than the latter.



Furthermore, several studies have demonstrated the association between socio-economic inequalities and high levels of school failure (Azevedo 2021; Couto et al. 2020; Jaloto and Primi 2021; Melo et al. 2021; Pinto 2021; Sudbrack and Fonseca 2021). Jaloto and Primi (2021), for example, state that in all of the studies reviewed in their research, socio-economic status was positively associated with student performance. They further reiterate that “this shows that academic performance in general has been associated with the resources (whether cultural or material) available to the student’s family” (Jaloto and Primi 2021, p. 138).



For Azevedo (2021), socio-economic inequalities have a very clear expression in the education system, translating into high levels of failure and early school leaving. Corroborating this idea, the results of the study by Melo et al. (2021) show that the socio-economic status of families has a strong relationship with student performance, reflecting such an association. Similarly, the research of Couto et al. (2020) revealed that students’ families’ socio-economic status and socio-economic level of the school have significant predictive power regarding students’ performance in science, mathematics and reading, whose explained variation ranges between 20% and 24%, depending on the domain.




3.7. Multiple Linear Regression Analysis


Finally, multiple linear regression analysis also resulted in a statistically significant model [F(10, 505) = 8.13; p < 0.001; R2 = 0.14]. It was noticed that only the variables opting for vocational courses (β = −0.171; t = −3.27; p < 0.01), opting for a science and technology course (β = 0.159; t = 2.81; p < 0.01) and a liking for the physical chemistry subject (β = −0.138; t = −2.73; p < 0.01) were predictors of students’ scientific literacy level, according to the following formula: (y = b0 + b1X1 + b2X2 + b3X3): scientific literacy level = 2.31 − 0.28 × (opting for vocational courses) + 0.25 × (opting for the science and technology course) + 0.10 × (a liking for the physical chemistry subject).



It can be observed that, among the three independent variables, opting for vocational courses explains a major percentage of the variation in the dependent variable, scientific literacy level, 17.1%, followed by the variables opting for a science and technology course and a liking for the subject of physical chemistry, which were 15.9% and 13.8%, respectively. As previously reported, there were statistically significant differences between the average scientific literacy level of the students when analysed in relation to these three variables, corroborating the discussion of the latter data.



However, it is worth noting that this multiple linear regression model is able to explain, approximately, 15% of variability in the scientific literacy level of the ALCE student respondents, showing that other factors that were not analysed in this study could be more efficient in predicting it, such as the study time for the two subjects and the interest in answering the instrument, for example. It was expected that the socio-economic level of the school would also be one of the factors that could predict the students’ scientific literacy levels and back up the study of Couto et al. (2020). Nevertheless, this fact was not verified, strengthening the idea that other variables can better explain and predict the students’ scientific literacy levels.





4. Conclusions


In order to produce a balance of the students’ scientific literacy levels at the end of the third cycle of Portuguese basic education, this study applied the ALCE instrument to 516 students in the ninth grade from 20 public schools in mainland Portugal. The results showed that 49.4% were classified as being at the moderate level, 35.7% were classified at the low level, 14.3% were classified at the high level, 0.6% were classified at the very high level of scientific literacy and 64.14% were classified as being scientifically literate.



When analysing the differences between the average scientific literacy level of the students and the independent variables considered, it was noticed that there were statistically significant differences for the following variables: failure in the subject of physical chemistry, in which the average of those who had not failed was higher than that of students who had already failed; a liking for the subjects of natural sciences and physical chemistry, whereby, as this increases, the higher the average scientific literacy level is; course option in secondary education, whereby students opting for the science and technology course and those not opting for vocational courses obtained the highest average; and socio-economic level of the school, revealing that the average of students from schools whose socio-economic level was favourable was higher than that of students studying in schools where the socio-economic level was unfavourable.



Among all of the variables investigated, the only ones which proved to be capable of predicting the students’ scientific literacy level, according to the multiple linear regression analysis, were as follows: opting for vocational courses, opting for the science and technology course and a liking for the physical chemistry subject. Although this is a correlational study, which ought to be free of casual inference, from these results, it is possible to infer that the area that they intended to continue studying, related to their professional interests, and the liking for the subjects might be associated with better development in students’ scientific literacy skills and could be taken into consideration by school institutions and the government in an attempt to improve science teaching in this educational cycle.



In summary, the results are positive and similar to those verified in external assessments and in other studies assessing scientific literacy in this education cycle or similar. However, it should be noted that approximately one third of the students assessed did not obtain the minimum number of correct answers to be classified as being scientifically literate. Taking into account that these students may not opt for a science and technology course in secondary education, this fact becomes even more relevant, since they, at least during the rest of compulsory education, will no longer have contact with subjects aimed at developing scientific literacy.



This study aimed to address the need for research related to the assessment of scientific literacy and the development of new assessment instruments, as referred to in the systematic literature review conducted by Coppi et al. (2023). The collection and presentation of these data are of great importance at local and national levels in order to produce diagnostic indicators about the situation of science teaching in Portugal, with regard to scientific literacy, so that measures can be taken to improve it. In the international as well as national context, the results of this study and similar studies may contribute to the establishment of comparisons and correspondences, and encourage the development of new instruments capable of assessing students’ scientific literacy.



The study did not include analyses comparing the students’ scientific literacy levels with their respective school grades in the subjects of natural sciences and physical chemistry. This limitation was due to some reasons, such as the time of year that the instrument was applied, in which the schools did not yet have the students’ final grades, the bureaucracy required for accessing this type of information and, mainly, as a result of the application format (online) due to the pandemic caused by COVID-19, which made it impossible for researchers to go to schools to code the students. It is therefore suggested that further studies be able to produce this analysis, since it may provide data and information about the way in which scientific literacy is assessed in these subjects, verifying whether or not there is a correlation between the students’ scientific literacy levels and their grades, contributing to the debate on the scientific literacy level of students in the third cycle of basic education and, consequently, collaborating towards an improvement in scientific and technological education in schools in Portugal.



A further limitation refers to the fact that this study did not address the potential im- pact of the results of applying the ALCE to teachers’ classroom practice. It is therefore suggested that future research could establish such an analysis by relating, for example, the results of the students’ performance in the ALCE with the students’ final averages in the subjects of natural sciences and physical chemistry. Similarly, future studies may, for example, carry out case studies in order to compare the classroom practices of natural sciences and physical chemistry teachers between the schools whose students obtained the highest and the lowest levels of scientific literacy.



The possible limitation related to the format of the item chosen can also be highlighted. Although experts in item development advise the use of true–false items for educational tests and that the validation process of the instrument have a “don’t know” option added to true–false items, this item format is highly criticised by researchers for, from their perspective, encouraging the memorisation of trivial facts and, especially, for the high percentage (50%) of random correct answers in the items. It is suggested, therefore, that the option “don’t know” be well explained by the teachers who apply the instrument and students be encouraged to answer with it when they are not sure of the correct answer, and that certain caution be taken in the use of the assessment results.



Finally, considering that the linear regression model presented in this study is able to explain 15% of the variability in the students’ level of scientific literacy, it is suggested that future studies investigate factors that can more efficiently explain this variability.
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Figure 1. Students’ scientific literacy levels. Source: elaborated upon by the authors. 
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Figure 2. Students’ scientific literacy levels by category of a liking for the subject of natural sciences. Source: elaborated upon by the authors. 
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Figure 3. Students’ scientific literacy levels by category of a liking for the subject of physical chemistry. Source: elaborated upon by the authors. 
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Table 1. Distribution of the ALCE items by subtest.
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	Subtest
	Number of Items





	NS
	06



	ISTS
	06



	CS
	22







Source: elaborated upon by the authors.
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Table 2. Levels of scientific literacy according to the percentage and number of correct answers per subtest.
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	Levels
	Percentage
	NS
	ISTS
	CS





	1—Very low
	<20%
	≤1
	≤1
	≤4



	2—Low
	20 to 49%
	2
	2
	5 to 10



	3—Moderate
	50 to 69%
	3 to 4
	3 to 4
	11 to 15



	4—High
	70 to 89%
	5
	5
	16 to 19



	5—Very high
	≥90%
	6
	6
	≥20







Source: elaborated upon by the authors.
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Table 3. General scientific literacy levels according to the average of the subtest levels.
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	Levels
	Average of the Subtest Levels





	Very low
	<1.00



	Low
	1.00 to 2.49



	Moderate
	2.50 to 3.49



	High
	3.50 to 4.49



	Very high
	≥4.50







Source: elaborated upon by the authors.
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Table 4. Characteristics of scientifically literate students, according to the variables analysed.
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Variable

	
Scientifically Literate Students

	
Non-Scientifically Literate Students




	

	
n

	
%

	
n

	
%






	
Sex

	
Male

	
169

	
33%

	
90

	
17%




	
Female

	
162

	
31%

	
95

	
19%




	
Liking for the subject of natural sciences

	
I do not like it

	
7

	
1%

	
10

	
2%




	
I do not like it very much

	
43

	
8%

	
27

	
5%




	
I like it

	
155

	
30%

	
107

	
21%




	
I like it a lot

	
74

	
14%

	
27

	
5%




	
I adore it

	
52

	
10%

	
14

	
3%




	
Liking for the subject of physical chemistry

	
I do not like it

	
22

	
4%

	
29

	
6%




	
I do not like it very much

	
65

	
13%

	
47

	
9%




	
I like it

	
145

	
28%

	
79

	
15%




	
I like it a lot

	
70

	
14%

	
20

	
4%




	
I adore it

	
29

	
6%

	
10

	
2%




	
Failure in the subject of natural sciences

	
Yes

	
18

	
3%

	
14

	
3%




	
No

	
313

	
61%

	
171

	
33%




	
Failure in the subject of physical chemistry

	
Yes

	
27

	
5%

	
24

	
5%




	
No

	
304

	
59%

	
161

	
31%




	
Course option in secondary education

	
Science and technology

	
138

	
27%

	
33

	
7%




	
Socio-economic sciences

	
37

	
7%

	
21

	
4%




	
Languages and humanities

	
52

	
10%

	
35

	
7%




	
Visual arts

	
25

	
5%

	
23

	
4%




	
Professional courses

	
74

	
14%

	
78

	
15%




	
Socio-economic level of the schools

	
Unfavourable

	
84

	
16%

	
53

	
10%




	
Intermediate

	
168

	
33%

	
104

	
20%




	
Favourable

	
79

	
15%

	
28

	
5%








Source: elaborated upon by the authors.
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