
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=crst20

Research in Science & Technological Education

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/crst20

Scientific literacy in biology and attitudes towards
science in the Chilean education system

Estelia Bórquez-Sánchez

To cite this article: Estelia Bórquez-Sánchez (19 Mar 2024): Scientific literacy in biology
and attitudes towards science in the Chilean education system, Research in Science &
Technological Education, DOI: 10.1080/02635143.2024.2320104

To link to this article:  https://doi.org/10.1080/02635143.2024.2320104

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material 

Published online: 19 Mar 2024.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=crst20
https://www.tandfonline.com/journals/crst20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02635143.2024.2320104
https://doi.org/10.1080/02635143.2024.2320104
https://www.tandfonline.com/doi/suppl/10.1080/02635143.2024.2320104
https://www.tandfonline.com/doi/suppl/10.1080/02635143.2024.2320104
https://www.tandfonline.com/action/authorSubmission?journalCode=crst20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=crst20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02635143.2024.2320104?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02635143.2024.2320104?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/02635143.2024.2320104&domain=pdf&date_stamp=19 Mar 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/02635143.2024.2320104&domain=pdf&date_stamp=19 Mar 2024


Scientific literacy in biology and attitudes towards science in 
the Chilean education system
Estelia Bórquez-Sánchez

School of Education, The University of Glasgow, Glasgow, UK

ABSTRACT
Background: The development of scientific literacy in young people 
is seen as important in several countries. In recent decades, Chile’s 
educational reforms aimed at performance have led to a market- 
oriented funding and management system, worsening social inequal-
ity and segregation.
Purpose: The study looked at biology literacy and science attitudes 
in Chilean secondary school students, considering two aims: 1) to 
analyse the level of scientific literacy in biology and attitudes 
toward science posed by secondary school students, making com-
parisons by gender, age, socio-economic status (SES), and type of 
school; and 2) to evaluate the relationship between scientific lit-
eracy in biology and attitudes towards science.
Sample: 612 secondary school students in a central southern 
region of Chile, took part in the study.
Design & Methods: A quantitative method was used to analyse the 
students’ responses on two validated and adapted instruments; A 
test to measure biological knowledge (TOSLS) and Likert Scale 
Science-related (LSSr) to measure attitude towards science. These 
instruments were administered to secondary students, and descrip-
tive and inferential analyses were conducted.
Results: The adapted TOSLS showed significant differences in SES, 
school type and slight variations by gender and age, although, no 
illiteracy level in biology was found among the Chilean students. 
The adapted LSSr showed significant differences concerning atti-
tudes toward science were found in school type, and variations by 
SES and age, and gender. Also, the correlation analysis shows a 
weak positive relationship between scientific literacy in biology and 
attitudes towards science, although of moderate magnitude.
Conclusion: This study found that scientific literacy in biology does 
not necessarily impact attitudes towards science. However, SES and 
type of school can affect understanding and views of science and its 
role in society, which aligns with previous findings on social 
inequality in Chilean education.
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1. Introduction

It is frequent to find papers highlighting the relevance of science disciplines as a crucial 
aspect to consider in society (Borquez 2014; Camus 2009; Harlen 2010; Millar 2008; Montes, 
Ferreira, and Rodríguez 2022; Navarro and Forster 2012). However, studies in science 
education also show high rates of conceptual errors among students, teachers and the 
general public regarding basic biological principles and science theories (e.g. Cofre et al.  
2010; Gutierrez 2009; Kim and Nehm 2011), which it is evidenced by the low number of 
citizens who accept concepts related to this field and associate these as contentious.

Chile’s education system has achieved impressive outcomes and comes close to meeting 
European standards (Mourshed, Chijioke, and Barber 2010). However, the country has 
shown a segregated education system, including state, voucher, and private schools, 
corresponding to different socio-economic classes. Despite offering opportunities to access 
state schools and participate as active citizens (Sectorial Mansfield and Reiss 2020; MINEDUC  
2019), the education system is market-oriented (Bellei 2000; García-Huidobro and Bellei  
2003). Several studies have measured scientific literacy, knowledge of science, and attitudes 
towards science in educational contexts (Bayer, Luberda, and Roca 2016; Cofre et al. 2013). 
For example, a study in Santiago, Chile, found that SES, scientific literacy, and attitudes 
towards science are positively correlated (Navarro and Forster 2012), showing that higher 
SES and scientific literacy levels were associated with better attitudes towards science, with 
SES affecting the emotional component of attitudes towards science.

Other studies showed that gender differences in career aspirations start appearing 
around 14, making it crucial to foster interest in science as a subject and career choice 
early on (Archer et al. 2012). A survey of over 11,000 girls and young women in Europe 
found that many lose interest in science by age 15 (Microsoft and Kesar 2018). Thus, 
refraining from including diversity in students’ attitudes could result in a lack of motiva-
tion and negative attitudes towards science (Bravo González and Reiss 2021; Osborne, 
Simon, and Collins 2003). Through a quantitative design, this study focuses on scientific 
literacy in biology and attitudes towards science among secondary students in Chile, 
aiming to determine their understanding of scientific theories and the impact of non- 
academic factors. The goal is to gather data to understand better how students use 
biological concepts to explain the natural world and make informed decisions.

1.1. Theoretical framework

1.1.1. Chilean curriculum and science education
Since 1980, the educational system in Chile has had a massive structural curriculum reform 
established by the military coup (1973–1989). As part of the policies, the government decen-
tralised state school administration, transferring the authority from the central government to 
the mayor of the towns, and modified the funding formula for state and private schools, 
creating a privatised educational system that has increased schools’ autonomy and segrega-
tion during the last decades (Bellei 2009). Chile, accordingly, is one of the countries in Latin 
America with the highest private participation in the schooling system (Valenzuela, Bellei, and 
Ríos 2014), which created a highly segregated education system that includes state, voucher, 
and private schools, which corresponds roughly to low, middle, and upper socio-economic, 
which embodies a market-oriented education system (García-Huidobro and Bellei 2003).
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Researchers in the field reported that the market-oriented reforms in Chilean education 
had a small or null impact on improving the quality (Bellei 2011; Drago and Paredes 2011). 
Indeed, these policies implemented have had a negative impact, for example, increasing 
the test score gap between low and high SES among students as well as grading student’s 
performance and discipline, affecting states schools (Auguste & Valenzuela 2004; 
Contreras et al. 2010; Carrasco and San Martín 2012) primarily.

During the following years, the Ministry of Education (Mineduc) implemented changes 
in the curriculum through laws that sought to redefine the state’s role. Notably, in 2019, 
the Chilean Curriculum and Assessment Sections approved a new version of the school 
science curriculum. Chile has stated that the focus of science education is the scientific 
literacy of students, which implies that they can participate in an informed way in the 
decisions and actions that affect their personal as well as society’s well-being (MINEDUC  
2019). It has also been declared that the learning objectives and the aims of science 
education in Chile must cover a vast amount of scientific knowledge; students should be 
shown science in an integrated way to take advantage of the limited time for learning. The 
ministerial document in science education declares that ‘to contribute to scientific 
literacy, it is key to understand the concepts and core ideas in science which allow new 
knowledge to be built’ (MINEDUC 2019, 30–31).

Although the market-oriented educational policies supported by the neoliberal model 
have significantly influenced Chilean education through economic reforms, which has 
grown the economy of Chilean society compared to countries in Latin America (Mundy  
2005; Tuchman 2011) but causing concern, notably in the education sector because school 
segregation has sources beyond the educational system (Valenzuela, Bellei, and Ríos 2014), 
within this context, the concern for SES school segregation has recently started to emerge in 
Chile; nevertheless, this issue has barely been empirically studied (Elacqua 2009; Valenzuela 
et al. 2014). Figure 1 presents an overview of the Chilean education system’s structure.

Figure 1. Chilean education structure and levels.
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1.2. Scientific literacy

The notion of ‘scientific literacy’ has emerged as a common aim of school science 
curricula, but debates about the term’s meaning persist (Roberts 2007); agreement 
among researchers in the field described its importance in developing responsible 
future decision-makers and encourages sustainability development (Lau, Ho, and 
Lam 2015; Mansfield and Reiss 2020; Reiss 2007) in societies, which shows that 
scientific literacy has been acknowledged as one of the central aims of science 
education since its inception, extending beyond its fundamental meaning (Guerrero 
and Torres-Olave 2021).

In Latin America, there is little evidence and research available on how the 
conceptualisations and visions are integrated into the curriculum. However, a few 
studies have provided a critical analysis of how a nation’s economic and political 
systems are connected to the curricular visions and hypotheses in scientific literacy 
(Norambuena-Meléndez, Guerrero, and González-Weil 2023). Chile has included 
scientific literacy in its curriculum for over 20 years emphasising its importance in 
learning and explaining phenomena and everyday problems within science pro-
grams (MINEDUC 2019).

Aligning with the USA National Research Council (NRC), scientific literacy is 
viewed as the capacity to ‘use evidence and data to evaluate the quality of science 
information and arguments set forth by investigators and in the media’ (National 
Research Council/NRC/ 1996, 40). Also, the Programme for International Student 
Assessment (American Association for the Advancement of Science AAAS 1993) 
described scientific literacy as ‘the ability to use scientific data to identify problems 
and to draw evidence-based outcomes in order to learn and improve decisions 
about the natural world and the changes made to it through human activity’ (OECD  
2003, p. 15). These two definitions are the framework for this investigation, working 
on the concept of scientific literacy evaluated in the national biology program for 
Chilean students in the last year of secondary education. Additionally, it is con-
sidered part of the framework for defining and classifying scientific literacy in 
biology as part of the subset of scientific literacy.

Uno and Bybee (1994) described that scientific literacy in biology is not a single 
endpoint that can be attained within one biology course but is a continuum over 
which a person’s understanding develops throughout their life. The importance of 
understanding and developing scientific literacy, particularly in biology, and atti-
tudes towards science are relevant aspects of society. Citizens who are able to 
make informed decisions make them not just for individual benefit but also in light 
of their role in the more significant global economic marketplace and impacting 
the development of nations (Alexander and Choi 2015; Mansfield and Reiss 2020). 
From this perspective, it can be seen from the literature that cultural and political 
integration is essential to have a democratic society; increasingly scientifically 
literate people could address more complex and demanding tasks (Mansfield and 
Reiss 2020; Reiss and White 2013).
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1.3. Scientific literacy in biology

Biological knowledge has had an important place in society to understand life at every level, 
from molecular to global interactions (Duncan and Boerwinkel 2018; Reiss 2017). Studies in 
this area have shown that scientific literacy’s role in biology establishes connections that affect 
personal and social spheres by combining structure and nature-based sources. For example, 
when people apply biological principles to their activities, they can better understand the 
surrounding world (Jenkins and Nelson 2005; Semilarski and Laius 2021). Consequently, 
scientific literacy in biology or biological literacy (Narguizian 2019; Uno and Bybee 1994) is a 
subset of scientific literacy, focusing mainly on biological context and striving to widen the 
horizons of biology education (Semilarski and Laius 2021), recognised; it mostly has the same 
characteristics but strictly refers to biological knowledge; however, defining the boundaries of 
biological knowledge is seen as challenging (Dorfner and Neuhaus 2020).

Uno and Bybee (1994) presented a model that applies to high schools and colleges and 
is compatible with Chilean science education. Miller et al. (2006) and the International 
Council for Science (ICSU, 2011) reported that understanding biological concepts and 
their implications in people’s lives can lead to improved social, economic, political, and 
cultural spheres. Consequently, being biologically literate allows individuals to apply 
scientific knowledge in real-world contexts and make informed decisions based on 
analysis, reasoning, and critical thinking (Uno and Bybee 1994). Moreover, scientific 
literacy is essential for students studying multiple science disciplines. Developing scien-
tific literacy in biology can be challenging but rewarding as it helps individuals compre-
hend daily issues and global societal problems. MINEDUC (2019) is trying to enhance 
Chile’s science programs to equip students with the ability to understand and discuss the 
changes caused by human activities in the natural world.

1.4. Attitudes towards science

Oppenheim (1992) discussed the problem of definition and concluded that that attitude is 
‘normally a state of readiness or predisposition to respond in a certain manner when 
confronted with certain stimuli, reinforced by beliefs (the cognitive component), often 
attract strong feelings (the emotional component) which may lead to particular beha-
vioural intents (the action-tendency component)’ (p. 175). One’s knowledge shapes 
attitudes, emotional response to that knowledge, and how these factors impact one’s 
probable actions, emphasising the importance of gathering information in all three 
aspects. Since attitude is a construct that cannot be directly observed, it must be inferred; 
data must be gathered from various sources (Bennett 2001).

Past studies have shown that the classroom and home environments impact attitudes 
toward science. For example, Simpson and Oliver (1990) observed a high correlation 
between student self, school, family, and attitude. Other studies showed that gender 
can affect the attitudes of pupils of different ages towards science, but the research 
findings on this topic are inconclusive. For instance, a study indicated that male pupils 
have a more positive attitude towards science than female pupils (Hanson, Westerlund, 
and Vaughan 2020), while other studies found no difference between the genders 
(Mhladza, Durana, and Doan 2011; Ogawa and Shimode 2004).
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Also, research has shown that a student’s attitude towards science plays a crucial role in 
their persistence in the subject, their course choices, and their ability in science (Caspi et al.  
2020). Following this view, the purpose of this study is on the attitudes toward science based 
on some attitude inventories which have focused respectively on secondary school students’ 
attitudes or perceptions toward subjects (Dalgety, Coll, and Jones 2003; Kitchen et al. 2007) 
due to lack of studies in Chile focused on attitudes towards science nor biology principles.

2. Materials and methods

2.1. Research questions

What is the relationship between students’ levels of scientific literacy in biology and their 
attitudes towards science in secondary schools? The main aims of this paper are:

(1) To analyse the level of scientific literacy in biology and attitudes toward science 
posed by secondary school students, making comparisons by gender, socioeco-
nomic status (SES), and type of institution

(2) To evaluate the relationship between scientific literacy in biology and attitudes 
toward science, specifically biology.

2.2. Recruitment and sampling

The study was conducted with Chilean secondary schoolers in a central southern region of 
Chile (Bio-Bio), where science was a primary subject. The sample selection was based on 
representative sociodemographic features of Chile’s educational systems, meaning that the 
type of school is strongly linked with distinct socio-economic groups in neighbourhood 
schools.

In Chile, education is mandatory for students ages 6 to 18. The participants in this study 
were 612 (427 boys and 185 girls) secondary students in the eleventh-grade classes, which 
means the end of their formal and mandatory educational process in Chile. The group 
consisted of students between 16 and 20, with an average age of 17. However, there was a 
variation in ages within this sample, which could be linked to differing administrative 
policies among the types of schools that could show variations in age ranges, charging 
school fees and screening students.

The 16 urban schools took part from 21 possible schools were a mix of state (6), 
voucher (5, subsidised by the government and private companies) and private (5) schools. 
Consequently, the schools came from various socio-economic levels (upper, middle and 
working class). Additionally, private and voucher schools may add specifications to 
science programs compared to state schools, but all schools follow the same national 
curriculum. Students were randomly selected from secondary schools in this southern 
region. However, a criterion such as high scores on a national test (SIMCE: outcomes in 
secondary schools) in Language and Communication topics was used to control the 
incidence of reading comprehension on the results of both instruments. Figure 2 shows 
the attributes in detail of the students surveyed in the study.
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2.3. Instruments

Measuring scientific literacy in biology and attitudes towards science involves identifying 
and/or creating instruments to explore the theoretical background and value of informa-
tion collected to analyse the data accurately. This study used two validated tests, and the 
selection was based on accuracy with the Chilean education curriculum and the lack of 
national instruments to measure these topics. The first was the Test of Scientific Literacy 
Skills (TOSLS) by Gormally, Brickman, and Lutz (2012), and the second was Likert Scale 
Science-related (LSSr) based on the work of Fraser (1981) and Johnston (1997). These tests 
show an acceptable high level of reliability; Cronbach’s alpha over α = 0.7 (Tavakol and 
Dennick 2011) and align with the Chilean education curriculum.

Furthermore, the Delphi method (Peeraer and Van Petegem 2015; Yeh & Cheng 2015) 
was used in this study as an iterative consultation process with experts (Keeney, Hasson, 
and McKenna 2006) from two local Chilean universities and three secondary schools 
(state, voucher, private) in the central southern region. The purpose was to validate the 
coherence with the educational context and the practicality of these two tests, as 
described by Blasco, López, and Mengual (2010); experts provide consensus and accurate 
information through judgmental analysis. The instruments were fine-adjusted for accu-
racy in both biology and language, and experts also reviewed translations of both tests, 
and the panel provided a classification (See Figure 3) based on Uno and Bybee’s (1994). 
The researcher used feedback to ensure appropriate biological content and test structure 
for the Chilean education context. Then, a pilot study was used to trial the final version, 
and the adapted versions were analysed.

Figure 2. Description of students based on age, gender, SES, and type of school in central southern 
region of Chile.
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2.4. Data collection and analysis

After receiving approval from the University of York Ethics Committee, 21 possible schools 
were contacted in the central southern region of Chile; however, 16 urban schools participated 
in a study involving 612 eleventh-grade students. Consent and assent forms were collected, 
and demographic information was obtained from the schools. The participants completed 
both tests in 120 minutes, and other demographic information was obtained directly from the 
school, including aspects related to socioeconomic background. The TOSLS and LSSr were 
analysed for reliability using alpha Cronbach and Guttman Lambda 4 tests; the scored values 
were over 0.6, which indicated consistency and accurate measurement of the sample (Fan and 
Geelan 2013). Furthermore, these adapted instruments showed an abnormal distribution, 
which indicated that the null hypothesis (the sample comes from a normally distributed 
population) was rejected, p < 0.05, suggesting a significant deviation. Nonparametric tests 
were used to explore the data further. The study involved two types of analysis: A descriptive 
analysis looked at measures of central tendency and dispersion and the normality of the 
distribution of scores for adapted tests. Also, an inferential analysis compared students’ 
scientific literacy and attitudes towards science based on the variables. Chi-square test and 
One-way ANOVA tests were used for gender, type of school and SES differences, and 

Figure 3. Five cut-off scores based on Uno and Bybee’s taxonomy (1994).
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Spearman’s correlation analyses measured the relationship between scientific literacy and 
attitudes towards science. SPSS 28.0 was used with a 5% statistical significance level.

3. Results

This section presents an analysis of data from different perspectives to examine the relation-
ship between the levels of scientific literacy in biology among students and their attitudes 
towards science in central southern secondary schools in Chile. Variables like type of school, 
SES, and gender are considered to get a comprehensive understanding. There is an overview 
of the dimensions presented in both instruments, followed by an analysis of items that showed 
significant differences between variables, helping to identify specific areas of knowledge, skills, 
or understanding of students’ attitudes towards a particular statement that require greater 
emphasis or clarity based on the current Chilean education system.

3.1. Aim one: to analyse the level of scientific literacy in biology and attitudes 
toward science posed by secondary school students, making comparisons by 
gender, socioeconomic status (SES), and type of school (state, voucher or private)

The adapted TOSLS (see Appendix D for a translation into English) had different difficulty levels 
for students. The analysis shows highly statistically significant differences between levels of 
scientific literacy and SES (F (2, 611) = 44.75, p < .001). For example, students from the upper 
class (M = 4.30, SD = .46) and middle class (M = 4.34, SD = .53) have more correct responses in 
the adapted TOSLS version than the working-class students (M = 3.90, SD = .57). Likewise, 
significant differences were found between the type of schools (F (2, 611) = 31.17, p < .001) 
where private schools (M = 4.33, SD = .47) and voucher schools (M = 4.33, SD = .48) had 
better results in this version of TOSLS compared to state schools (M = 3.99, SD = .59). 
Students from high SES attending private schools have better biology literacy than work-
ing-class students in state schools. Upper-class students show multidimensional literacy and 
can apply knowledge to complex situations. Chilean students vary in biology literacy, but 
none are scientifically illiterate.

The adapted LSSr (see Appendix E for a translation into English) with seven dimensions was 
used to evaluate their opinions and beliefs. The analysis showed a significant difference in SES 
(F (2, 611) = 5.04, p = .007) when examining items of Dimensions, such as I (Views of science 
and scientists), IV (Relevance of science), V (Classroom & teachers’ insights), and VII (Social 
implications of science). However, there was no significant difference observed in other 
Dimensions and SES. Concerning the type of school, there was a highly significant difference 
when computing all Dimensions, mainly when calculating items in Dimension II, which refers 
to attitude to scientific inquiry (F (2, 611) = 7.90, p < .001. Age group did not have a significant 
impact on most dimensions, except for Dimension VII which relates to the social implications of 
science (F (4, 611) = 2.65, p = .33). No gender differences was found. State school students had 
a positive view of science and scientists, while voucher school students had more stereotypical 
views. Private school students also had a positive view. Older students had a more positive 
view of science’s social impact compared to younger students.

RESEARCH IN SCIENCE & TECHNOLOGICAL EDUCATION 9



3.1.1. Adapted TOSLS Chilean version
The analysis of the adapted TOSLS version considered fifteen items from the original test 
designed by Gormally, Brickman, and Lutz (2012), which has 28 items. This adjustment was 
based on the criteria of keeping the two dimensions of the original test and the nine skills 
and only the items that could show compatibility with Chilean science programs (biology) 
for secondary education, ensuring accuracy by the panel of experts consulted. The items 
had different difficulty levels linked to the nature of the two scientific dimensions; 
Understanding methods of inquiry that lead to scientific knowledge (D.I) and 
Organisation, analysis, and interpretation of quantitative data and scientific information 
(D.II). An example of the test structure that Chilean students answered is shown in Figure 4.

The bar chart (Figure 5) shows the responses of 612 secondary students who took an 
adapted Test of Scientific Literacy Skills (TOSLS) in a central southern region of Chile. A few 
trends are evident. For example, items 1, 3, 8, 9, and 15 had the highest frequency of 
incorrect responses compared to the rest of the items in the test due to their complexity and 
difficulty levels. The rest of the items were approached with more limited challenges by 
these students, suggesting that none of the Chilean students was classified as scientifically 
illiterate in biology, meaning that they answered at least four questions correctly, demon-
strating a basic comprehension of scientific concepts and biological principles.

Table 1 presents an overview of the analysis performed on the 15 dichotomous items of 
the adapted TOSLS based on its two dimensions. Dimension one (D.I) ranged from 1 to 8, 
while dimension two (D.II) ranged from 1 to 7. The maximum score for DI is 8, and for DII, it is 7. 
Instead of using the mean, which can be skewed by extreme values or non-symmetric 
distributions of scores, the median was used to interpret these dimensions. The median 
provides a more accurate representation of the central point of the distribution based on 
the analysis of the Chi-square test.

The results showed that students who attended private schools and came from 
wealthier backgrounds scored the highest in both dimensions (I and II). On the other 
hand, students from the middle and working classes who attended voucher and state 
schools had lower scores on the same test. These results indicate that students with 
access to private education tend to perform better on the test due to their proficiency in 
biology vocabulary, understanding biological models, analysing data and graphs, and 
solving problems presented in TOSLS items. Gender had no significant impact on stu-
dents’ performance on the TOSLS test, except for a slight difference in the first dimension 
among 17 and 19-year-old students, where males scored better than females.

In Figure 6, the TOSLS version results revealed that most students scored between 7– 
15 correct items, indicating varying levels of biological literacy. Upper and middle-class 
students performed better, with 74% and 51.6%, respectively, scoring over or equal to 
14 questions correctly. Private schools had the highest percentage of students answer-
ing correctly at 72.7%, while state schools had the lowest at 25.3%. Gender-wise, no 
significant differences were found, as both male and female students scored similarly, 
with an average of 13.13 points.

To thoroughly understand the adapted TOSLS, each item was analysed using one-way 
ANOVA, considering SES, school type, and gender to identify those items that yielded 
statistically significant to understand better areas of knowledge developed by Chilean 
students in their last year of secondary education. Appendix A provides further analysis.
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The test results showed that students from upper and middle-class backgrounds tended 
to perform better on item 1, which tested valid scientific arguments, than students from 
working-class backgrounds. This difference was highly significant for both socioeconomic 
status (F (2, 611) = 18.21, p < .001) and the type of school attended (F (2, 611) = 21.45, p  
< .001). Specifically, students from the upper class (M = 1.96, Sd = .207) and middle class (M =  
1.96, SD = .476) answered more correctly than students from the working class (M =  
1.76, SD = .451). Additionally, private schools (M = 1.95, SD = .21) and voucher schools (M =  
2.00, SD = .42) demonstrated better performance compared to state schools (M = 1,78, 
SD = .44).

Item 15, which asks for identifying a plausible hypothesis to explain the results 
presented in a graph, showed a highly significant difference in SES (F (2, 611) = 119.64, 
p < .001) and type of school (F (2, 611) = 47.66, p < .001). Students from the upper class 
(M = 2.00, SD = .26) and middle class (M = 2.06, SD = .60) scored higher than the work-
ing-class students (M = 1.37, SD = .60). Likewise, private schools (M = 2.00, SD = .30) 
and voucher schools (M = 1.99, SD = .33) showed better performance compared to 
state schools (M = 1.56, SD = .74). It was also found statistically significant in gender (F 
(2, 611) = 6.52, p = .002), where female students (M = 1.93, SD = .63) tended to answer 
more correctly than male students (M = 1.75, SD = .55).

Regarding item 8, which asks for the most accurate conclusion drawn from a 
graph, there are significant statistical differences in three areas: SES (F (2, 611) =  
108.47, p < .001), type of school (F (2, 611) = 69.14, p < .001), and age group (F (4, 
611) = 2.59, p = .036). Students from higher and middle-class backgrounds tended to 
answer more accurately (M = 3.95, SD = .31 and M = 3.91, SD = .38, respectively) than 
those from working-class backgrounds (M = 3.31, SD = .72). Private and voucher 
schools also performed better (M = 3.94, SD = .33 and M = 3.45, SD = .33, respec-
tively) than state schools (M = 3.45, SD = .70). Additionally, students aged 20 (M =  
4.0, SD = .00) answered more correctly than those aged 16 (M = 3.70, SD = .47).

A significant difference was found in item 9, which discusses two studies esti-
mating the caffeine content of an energy drink. Students were asked to choose 
which statement was true. Statistical differences were found regarding SES (F (2, 
611) = 5.16, p = .006), type of school (F (2, 611) = 4.38, p = .013), and age group (F (4, 
611) = 2.89, p = .022). In this case, students from the working class (M = 1.57, SD  
= .76) responded more correctly than the upper class (M = 1.37, SD = .65) and 
middle class (M = 1.40, SD = .70). Furthermore, state schools (M = 1.54, SD = .73) 
showed better performance than private school (M = 1.36, SD = .65) and voucher 
school (M = 1.39, SD = .66). Also, students from the age of 19 
(M = 1.65, SD = .85) keen to giving more correct answer than 16 (M = 1.10, SD  
= .31). Chilean private school and upper-class students had higher scientific literacy 
levels in biology than state and working-class schools. Middle-class students in 
voucher schools had a strong grasp of biology concepts. Working-class public- 
school students accurately used scientific vocabulary and showed no illiteracy 
levels. Age and gender had slight variations, but no differences were found based 
on gender. All students recognized the importance of science in society and the 
environment.
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Figure 4. Overview of the adapted TOSLS, considering the description of those items used in the 
Chilean test version.
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Figure 5. Outcomes from Chilean students who took the adapted TOSLS version (N = 612).

Table 1. Adapted TOSLS: Median frequency table by SES, type of school and age.

Upper Class Middle Class Working Class

SES/Gender Female Male Female Male Female Male

Median D1 8.0 8.0 7.0 7.0 7.0 7.0

Median D2 7.0 7.0 6.0 6.0 6.0 5.0
Total Score 15 15 13 13 13 12

Private School State School Voucher School

Type of school/Gender Female Male Female Male Female Male

Median D1 8.0 8.0 7.0 8.0 7.0 7.0

Median D2 7.0 7.0 6.0 5.0 7.0 7.0
Total Score 15 15 13 13 14 14

16 17 18 19 20

Age/Gender Female Male Female Male Female Male Female Male Female Male

Median D1 8.0 8.0 7.0 8.0 8.0 7.0 7.0 8.0 8.0 8.0
Median D2 6.5 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 7.0

Total Score 14.5 14.5 13 14 14 13 13 14 14 15
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3.2.1. Adapted Likert scale (LSSr)
Considering the Scale of attitudes related to science by Fraser (1981) and Johnston 
(1997), an adapted Likert Scale Science-related (LSSr) was developed to evaluate the 
attitudes of Chilean students towards science, focusing primarily on biology topics. 

Figure 6. Summary of student results according to the adapted version of TOSLS, considering school 
type, SES, and gender.
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This version has seven dimensions, with a total of 38 items ranging from 1 to 5, with 
1 and 2 representing very favourable attitudes, 3 indicating uncertainty, and 4 and 5 
showing a negative trend towards science. Prior to the statistical analysis, negative 
items were reversed. These items ranged from −4 to + 4 on a five-point scale, where 
a positive change indicated an improvement in attitude or opinion. Figure 7 shows 
the LSSr structure that Chilean students used to answer a question about their 
attitudes towards science.

Table 2 summarises the analysis performed on the adapted LSSr across its seven 
dimensions. The median was used to interpret the data obtained in each dimension, as 
it better indicates the central point of the distribution than the mean according to the Chi- 
square test analysis. The analysis showed that students’ answers tended to be agreeable 
or unsure about some statements in each dimension, with the median score ranging from 
2.0 to 3.5. The study found slight variations in the dimensions ‘Relevance of Science’ (DI.V) 
and ‘Attitude to Inquiry’ (D.II) based on the type of schools and SES. Additionally, other 
dimensions showed minor differences based on SES, gender, and age. For instance, male 
students had negative views towards the ‘Relevance of Science’ in dimension IV.

To thoroughly understand the adapted LSSr, each item was analysed using one-way 
ANOVA, considering the variables to identify those items that yielded statistically signifi-
cant to understand better Chilean students’ perception of biology in their last year of 
secondary education. Appendix B provides further analysis.

Concerning these variables, the type of school showed a highly significant difference 
when computing all Dimensions, and some items showed highly significant differences. To 

Figure 7. Adapted LSSr description and an example of items within dimension used in the Chilean 
educational context.
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illustrate, item 35 (F (2, 611) = 6.76, p = .001) showed that state school students had more 
positive views about Charles Darwin’s theory of evolution (M = 2.42, SD = 1.06) than private 
schools (M = 2.09, SD = .90) and voucher schools (M = 2.15, SD = 1.13). Likewise, item 9 
showed a highly significant difference (F (2, 611) = 14.88, p < .001). Although, item 12 (F 
(2, 611) = 10.40, p < .001) showed that voucher schools students (M = 3.51, SD = 1.10) had 
more positive views towards scientists being less sociable due to their time in the lab 
compared to private schools (M = 3.08, SD = .96) and state school (M = 3.13 SD = .93). State 
school students have positive views of science and scientists, while voucher school students 
have stereotypical views of scientists as less sociable and wearing lab coats.

Item 27 (F (2, 611) = 3.76, p = .024) also showed that voucher school students (M = 3.77, 
SD = 2.21) tend to have more favourable opinions towards avoiding new ideas that may 
challenge their beliefs than private schools (M = 3.47, SD = 1.41) and State schools 
(M = 3.49, SD = 1.21). Items in dimension II, attitude towards scientific inquiry, showed 
significant differences across schools (F (2, 611) = 7.90, p < .001). Prevailing, students from 
private schools (M = 2.67, SD = .67) had more positive views than those from state schools 
(M = 2.40, SD = .71) and voucher schools (M = 2.46, SD = .75). An example is item 
19 (F (2, 611) = 4.46, p = .012) that showed that private school students (M = 2.73, 
SD = 1.19) were more inclined to watch biology programs on T.V. than read books, 
compared to students from state schools (M = 2.37, SD = 1.26) and voucher school 
(M = 2.50, SD = 1.18). There were notable differences in the scientific attitudes toward 
voucher, private, and state schools.

Regarding Socioeconomic Status (SES), Relevance of Science (D.IV) showed that 
item 36 (F (2, 611) = 5.06, p = .007) was statistically significant. Working-class students 
(M = 3.83, SD = 1.08) felt bored when they must watch a science program on the 
television compared to upper-class (M = 3.50, SD = 1.06) and middle-class students 
(M = 3.58, SD = 1.05). In contrast, item 29 (F (2, 611) = 3.95, p = .02) within dimension 
VII, Social Implications of Science, was statistically significant. Upper-class students 
(M = 3.13, SD = 1.02) believed that scientific discoveries (such as atomic bomb) are 
doing more damage than good to the population than middle-class students 
(M = 3.20, SD = 1.04) and working-class students (M = 2.92, SD = 1.00). Here, upper- 
class students view science more positively than working or middle-class students.

The analysis revealed some slight variations, including a statistically significant difference 
between Q19 in Dimension II, Attitude to Scientific Inquiry, and gender (F (2, 611) = 4.89, 
p = .017). Female students (M = 2.66, SD = 1.91) provided more positive answers to biological 
topics and general science questions than male students (M = 2.44, SD = 1.23). Similarly, item 
38 in Dimension V, Classroom and Teachers’ Insight, showed a highly statistically significant 
difference (F (2, 611) = 6.36, p = .002). Female students (M = 3.32, SD = 1.19) had more positive 
opinions about science classrooms and teachers than male students (M = 2.99, SD = 1.15). 
Furthermore, no significant differences were found between the items and the age group 
variable. However, there was a significant difference between Dimension VII, Social 
Implications of Science, and age group (F (4, 611) = 2.65, p = .33). Older students (age 19 and 
20) had more positive views about the importance of science in society than younger students 
(age 16, 17, and 18), indicating that age affects students’ outlook on the social impact of 
science.
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3.2. Aim 2: to evaluate the relationship between scientific literacy and attitudes 
toward science

The correlation analysis conducted with Spearman’s rho test showed a weak positive 
relationship between students’ scores on the tests that measure scientific literacy in 
biology and their attitude towards science, although of moderate magnitude. An impor-
tant finding was that even though these two adapted tests within dimensions, most tend 
to go up in response to one another, the value tends to be between 0 and 0.5, indicating a 
weak relationship or non-relationship, which implies that students’ scores on measuring 
attitude towards science and their scores on the test for measuring their skills related to 
significant aspects of biological principles are almost independent.

Table 2. Likert scale test, Chilean version: Median frequency table by SES, type of school and age.

SES/Gender

Upper Class Middle Class Working Class

Female Male Female Male Female Male

Median D1 2.5 2.5 3.0 2.5 2.5 2.5

Median D2 3.0 2.0 3.0 2.0 2.0 2.0
Median D3 3.0 3.0 3.0 3.0 3.0 3.5
Median D4 3.0 3.0 3.0 3.0 3.5 3.0

Median D5 2.5 2.5 2.5 2.0 2.0 2.5
Median D6 3.0 3.0 3.0 3.0 3.0 3.0

Median D7 2.0 2.0 2.5 2.0 2.0 2.0

Type of School/Gender

Private School State School Voucher School

Female Male Female Male Female Male

Median D1 2.5 2.5 2.5 2.5 3.0 2.5
Median D2 3.0 3.0 2.0 2.0 3.0 2.0

Median D3 3.0 3.0 3.0 3.0 3.0 3.0
Median D4 3.0 3.0 3.5 3.0 3.0 3.0

Median D5 2.5 2.5 2.5 2.0 2.0 2.0
Median D6 3.0 3.0 3.0 3.0 3.0 3.0
Median D7 2.0 2.0 2.0 2.0 2.0 2.0

Age/Gender

16 17 18 19 20

Female Male Female Male Female Male Female Male Female Male

Median D1 2.3 2.5 2.5 2.5 2.5 2.5 3.0 2.5 2.0 2.8
Median D2 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 3.0
Median D3 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.5

Median D4 3.0 4.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.5
Median D5 2.0 2.5 2.5 2.0 2.5 2.0 2.0 2.0 2.5 2.3

Median D6 3.0 3.3 3.0 3.0 3.3 3.0 3.0 3.0 3.0 3.8
Median D7 2.0 2.0 2.0 2.0 2.0 2.0 2.5 2.0 2.0 2.5
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3.2.1. Spearman’s rho test analysis
An analysis was conducted using Spearman’s rank-order correlation test to evaluate the 
adapted tests. The Spearman’s rho values ranged between −1, 0, and 1 (Dancey and Reidy  
2004), indicating weak positive and negative correlations, helping to determine the 
correlations between the computed dimensions on these two adapted test versions for 
the Chilean students, a complete analysis can be found in Appendix C.

In the adapted TOSLS version, Dimension one (D.I: Understanding methods of inquiry 
that lead to scientific knowledge) and Dimension III of the adjusted LSSr (Adoption of 
Scientific Attitudes) showed a weak positive correlation (Rho (612) = .107; p < .05). 
Additionally, Dimension two of the adapted TOSLS (D.II: Organisation, analysis, and inter-
pretation of quantitative data and scientific information) showed a positive but weak 
correlation (Rho (612) = 0.108; p < .05) with Dimension V of the LSSR test (Classroom & 
teachers’ insights) and Dimension II of the LSSr test (Attitude to Scientific Inquiry) has a 
weak positive correlation (Rho (612) = 0.115; p < .05) with Dimension two (D.II) of the 
adapted TOSLS. Furthermore, the two dimensions (D. I+ D.II) of the adapted TOSLS and 
Dimension II of the adapted LSSr test (Attitude to Scientific Inquiry) showed a weak positive 
correlation (Rho (612) = 0.095; p < .05).

The rest of the adapted Likert Scale Science-related (LSSr) dimensions presented very 
weak correlations and, in some cases, negative correlations between dimensions within 
adapted TOSLS, which indicated that these surveys were almost independent. The results 
suggest that while the scores of both adapted tests generally increase in some dimen-
sions, the correlation between them is weak (less than 1%), which suggests that student’s 
scores on the LSSr, which measures their attitudes towards science, and their scores on 
the adapted TOSLS that measures their skills on scientific principles can be considered 
independent of each other.

4. Discussion

In this study, the adapted TOSLS results showed no levels of biological illiteracy among 
Chilean students, which is consistent with the science education programs in the country 
(MINEDUC 2021). However, there are significant differences in educational outcomes 
depending on the socioeconomic background and the type of school attended. It was 
found that students attending private-voucher schools achieve better educational out-
comes on biological principles and science than those from state schools linked with low 
SES. This finding is in line with international and national outcomes, which demonstrate a 
positive correlation between the socioeconomic and cultural index and the level of 
scientific literacy or performance in science achieved by students (Lyons & Quinn 2010; 
MINEDUC 2021; Navarro and Forster 2012; OECD 2020).

The literature stated that low levels of biological principles knowledge and high rates 
of science misconceptions are known to be present among secondary students 
(Kampourakis and Zogza 2007), seniors and the general public (Nehm and Ha 2011; 
Pazza, Penteado, and Kavalco 2010). The Chilean education system’s institutional design 
showed that allowing the private voucher schools to choose students based on their 
criteria compared to state schools has promoted disparities, such as increasing test score 
gap between low- and high-SES students and disseminating ‘cream skimming’ practices 
based on student’s performance and discipline, all of which negatively affected public 
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schools (Carrasco and San Martín 2012; Contreras et al. 2011), which limited opportunities 
and experiences of acquiring knowledge and skills in science as a crucial aspect for their 
future roles as citizens.

The LSSr version showed that Chilean students’ attitudes towards science varied; 
private school students showed the most positive attitude towards scientific inquiry 
and behaviours compared to voucher and state school students, with positive percep-
tions of science and iconic scientists. However, voucher students held more stereotypical 
views and needed more interest in new science topics, which may be because most 
voucher schools in Chile have religious or corporate affiliations. Indeed, studies showed 
that the type of school, science programs and quality of teachers’ training could encou-
rage more students to take up science and improve school experiences to be more 
engaging (Schoon, Ross, and Martin 2007; Smyth and Hannan 2006). Billingsley et al. 
(2018) consistently state that pedagogical and social barriers can prevent students from 
understanding how science and religion relate.

In the results of both adapted tests, a few gender differences were observed. In 
dimensions 2 and 5 of the adapted LSSr, females showed a slight edge over males. This 
indicates that females are more open to new ideas and more willing to modify their beliefs 
regarding science. This is because women view science as a social benefit. Even if they do 
not prefer specific scientific disciplines, they are more likely to change their judgments 
(Bybee and McCrae 2011; Navarro and Forster 2012). These results can be compared with 
those of the Smist (1994), which also found favourable differences for women in terms of 
scientific attitudes related to dimension 2 (Attitudes towards scientific inquiry) but also 
discovered more positive attitudes towards science and lifestyle, which were not inves-
tigated in this study. Thus, understanding biological principles and science helps apply 
evidence-based knowledge across various subjects that would impact and support 
society.

This study also found a weak positive relationship between students’ scores on the 
tests that measure scientific literacy in biology and their attitude towards science, 
although of moderate magnitude. Chilean students’ performance on the adapted 
TOSLS varied based on their SES and type of school. Their attitudes towards biological 
principles also showed differences based on these factors. The significance of these 
findings is rooted in the long-standing issue of school segregation in Chile, which has 
been exacerbated in recent years by a rise in private and voucher schools. Therefore, it is 
crucial to identify the factors that contribute to segregation to develop effective policies 
to reduce it. According to Valenzuela et al. (2014), the government should address this 
issue, as it could significantly impact Chilean society. Understanding students’ interests 
and the impact of various factors on their prospects, learning preferences, and daily 
decision-making is critical (Fraser, Aldridge, and Adolphe 2010; Vegar, Prenszel, and 
Martin 2011).

5. Conclusions, recommendations and limitations

The current investigation provides one of the first pieces of information about levels of 
scientific literacy in biology, attitudes towards science and the influence of non-academic 
factors on students in the final year of secondary education. The implications of these 
results could be significant for the Chilean national curriculum to understand better how 
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proficiency in answering a test that measures science knowledge could be deeply 
impacted by SES and type of school, as well as students’ attitudes towards science.

The findings provide the opportunity to reassess the role of science programs in 
creating a more equitable education system that ensures each student has an equal 
chance to incorporate scientific knowledge and biological principles into their daily lives, 
helping to improve students’ perception of science and achieve a multidimensional level 
of scientific literacy, meaning an enhanced understanding of science and its impact on 
society, making them better citizens. It could also provide an opportunity for Chilean 
education to prioritise funding and resources for state schools, which could focus on 
regulations intended to improve programs and training for science teachers, fundamental 
to the organisation of the educational system, stakeholder relationships, and resolving 
social-class disparities.

The education system in Chile currently suffers from increased social inequality and 
segregation among students, making it difficult to distinguish between market-driven 
policies and educational context. Therefore, it is imperative to critically assess the educa-
tion system and examine the beliefs of teachers and students regarding the importance of 
scientific literacy and engagement with science. The existing science curriculum has 
resulted in evident tensions (Bellei 2000; García-Huidobro and Bellei 2003) and needs to 
be explored to understand further the perspectives of educators and learners, for exam-
ple, using a more qualitative research approach (Dagher and Boujaoude 2005), which 
could contribute to improved scientific and technological developments in the country.
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