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Abstract: Society has increasingly looked upon science education to prepare the public for Industrial 

Revolution 4.0, as scientific reasoning and practices can hone 21st century skills, including scientific literacy. 

However, the COVID-19 pandemic has changed how science is taught and learned. Hence, this mixed methods 

study seeks to determine if there would be a significant increase in scientific literacy among undergraduate 

students after taking a six-week online course offered during the first year of the pandemic as part of their 

science education. It also aims to examine which aspects of the course offering students attributed, if any, their 

scientific literacy. Using a one-tailed paired sample t-test 

Questionnaire scores of 67 undergraduate students surveyed at the start and end of the online course, this study 

demonstrated a significant increase in their scientific literacy despite the constraints brought by the pandemic (p 

= 0.03). Specifically, these students became better at systematic thinking and information management (p = 

0.01) as well as self-directed planning and monitoring (p = 0.02). A focus group discussion with five students 

revealed that course design and the nature of remote learning could explain the gain in their scientific literacy.  
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Introduction 

The digital revolution that characterizes the 21st century has ushered our society into Industrial Revolution (IR) 

4.0 (Reddy, 2021). It has accelerated scientific progress more than ever by making most of the technological 

advancements of previous industrial revolutions: the use of steam power in the mechanization of manufacturing 

during the first industrial revolution, electrical energy for large-scale production during the second industrial 

revolution, and computerized information technology for automated production during the third industrial 
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of this digital revolution, pseudoscientific views and misinformation have also abounded (Reddy, 2021). These 

attempts to discredit science can be countered though by nurturing scientific literacy among the public wherein 

they, according to the Organisation for Economic Co-operation and Development (2019) in their Programme for 

Interna -related issues, and with the 

 

Science education has therefore become more salient in fostering scientific literacy in this age of IR 4.0. It has 

been increasingly viewed in society as a strategic approach to equip students with 21st century skills that will 

allow them to navigate through the socio-economic and socio-cultural transformation involved in IR 4.0 

(Dovgyi et al., 2020). Expectedly, institutions responsible for science education must respond to the demands 

and challenges brought by the technological breakthroughs of IR 4.0 to our society (Moraes et al., 2022). They 

need to address four essential elements comprising Education 4.0 as a counterpart of IR 4.0: development of 

emerging technologies in the teaching-learning process, and use of innovative infrastructure to enhance the 

educative experience (Miranda et al., 2021).  

However, the COVID-19 pandemic has disrupted our daily lives, including how science is taught. Teaching in 

many parts of the world suddenly shifted to remote learning as campuses abruptly closed to mitigate the spread 

of COVID-19. This unprecedented shift has exacerbated the digital divide between developed and less 

developed countries, adversely affecting the attainment of educational outcomes, such as scientific literacy, due 

to disparate access among and within countries to inclusive, equitable, and quality education (United Nations, 

2020). 

-

e, the public has witnessed the role of scientific progress and 

technological innovation in overcoming the pandemic as well as the importance of scientific culture and 

scientific spirit in making informed decisions and policies during such a global crisis (Han, 2020). These 

-Bedouelle, 2021, p. 17) as the scientific community and the education sector, 

among others, have 

a public health crisis (Persic et al., 2021, p. 14).      

 

Further research is warranted though to support views that science education within the context of a pandemic 

can bring about scientific literacy. Hence, this study aims to determine if there would be a significant increase in 

scientific literacy among undergraduate students after taking the mandated Science, Technology, and Society as 

a six-week online course offered during the first year of the COVID-19 pandemic. It also seeks to examine 

which aspects of their science education in a time of a pandemic would these students find helpful in making 

them scientifically literate. Findings from this study can contribute to efforts geared toward achieving 
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Sustainable Development Goals on quality education by providing valuable insights on how science education 

can best promote scientific literacy despite the challenges and constraints brought by adverse situations, 

including the recent pandemic. 

Theoretical Framework 

Scientific literacy, as a social construct, has differed through the years to suit the ever-changing circumstances 

and needs of society (Choi et al., 2011). Its meaning has evolved from a public understanding of science to 

critical engagement with the social practices of science (Braund, 2021). However, the notion of scientific 

literacy as an individual characteristic to possess still prevails against radical views of it as a collective human 

praxis (Choi et al., 2011; Roth, 2003). This predominant concept though is deemed as no longer responsive to 

meet the demands and challenges of the 21st century (Mun et al., 2015). Hence, there are resounding calls to 

rethink current stances of scientific literacy to account for perspectives, competencies, and values orientation 

that are necessary to live in a global society (Choi et al., 2011; Mun et al., 2015).  

In response to these calls, Choi et al. (2011) propose Global Scientific Literacy as a framework that can be more 

fitting in the 21st century wherein local issues have become worldwide concerns. This Global Scientific Literacy 

Framework consists of five dimensions that work together: scientific content knowledge, habits of mind, 

character and values, science as a human endeavor, and metacognition and self-direction. Scientific content 

knowledge refers to an integrated understanding of core ideas of science, which are foundational to applying 

scientific concepts to solve real-world problems (Mun et al., 2015). Habits of mind are characterized by the use 

of scientific reasoning and practices to explore natural phenomena and address science-related social, ethical, 

and moral issues (Choi et al., 2011; Mun et al., 2015). These scientific reasoning and practices include skills in 

critical thinking, problem solving, decision-making, information management, communication, and 

collaboration (Choi et al., 2011).  

Character and values, on the other hand, pertain to a display of ecological worldview, moral and ethical 

sensitivity, appreciation of cultural diversity, socio-scientific accountability, an ethic of care, and compassion 

for others (Mun et al., 2015). They stand for belief systems and preferences that have become utmost necessary 

in the 21st century society (Choi et al., 2015). Science as a human endeavor involves having an awareness of 

science as tentative, subjective, and value-laden, an understanding of how science, technology, and society are 

interrelated, and adherence to the spirit of science, such as curiosity, intellectual honesty, creativity, skepticism, 

tolerance of ambiguity, and openness to new ideas (Mun et al., 2015). Lastly, metacognition and self-direction 

are key processes that bind these four dimensions together (Choi et al., 2011). These cognitive processes include 

self-directed planning to determine which strategies and resources are needed to complete a task, self-directed 

-directed evaluating to 

r

2011; Mun et al., 2015).   
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Method 

A mixed methods research design was carried out in this study to make the most of the quantitative and 

qualitative approaches in understanding the development of scientific literacy among undergraduate students 

during a pandemic. Specifically, an explanatory sequential research design was used as findings from the focus 

group discussion (qualitative data) were tapped to make sense of the results from the survey (quantitative data). 

Qualitative data gathering and analysis in this instance followed quantitative data gathering and analysis to 

arrive at an explanation of the phenomenon under study (Edmonds & Kennedy, 2017).      

Setting and Participants 

This mixed methods study was set at Ateneo de Manila University, an institution of Jesuit higher education in 

the capital of the Philippines. Its undergraduate curriculum includes Science, Technology, and Society as part of 

Commission of Higher Education (CHED). To foster scientific literacy, the following are the learning outcomes 

of Science, Technology, and Society as stated in the syllabus:   

1) Students should be able to evaluate the capabilities as well as limitations of Science and 

Technology through distinguishing what questions and methods are valid in the realm of science 

based on its nature and practice. 

2) Students should be able to contextualize issues using perspectives from and beyond Science and 

Technology to dissect the interplay of various factors in analyzing the complexity of the human 

experience. 

3) Students should be able to synthesize insights from various disciplines to propose solutions to 

contemporary issues with a view toward sustainable development and improving quality of life. 

4) Students should demonstrate how individuals and an entire generation - guided by Ignatian 

Values - can participate in and contribute to the practice of Science and Technology, driving the 

transformation of society through their various professions and leadership. 

 

During the first year of the COVID-19 pandemic, Science, Technology, and Society was delivered online for six 

weeks using Zoom for synchronous learning and Canvas Learning Management System for asynchronous 

learning. In general, this course consisted of four modules, namely 1) the Nature and Practice of Science and 

Technology; 2) Science, Technology, and Lifestyle; 3) Environment and Sustainable Development; 4) the 

Origin of Life and Universe. 

 

After this study obtained ethics approval from an accredited institutional review board, undergraduate students 

enrolled in Science, Technology, and Society during the second semester of the academic year 2020 to 2021 in 
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Ateneo de Manila University were recruited by volunteer sampling to take part in this study. The second 

semester of academic year 2020 to 2021 was chosen as the period for data gathering instead of the first semester 

so that both teachers and students were accustomed to online learning by then. Students eligible as participants 

for this study completed the four modules either from 10 February 2021 to 7 April 2021 or from 12 April 2021 

to 5 June 2021.    

Data Gathering 

A pre-test survey was sent through the institutional emails of eligible study participants at the start of the course. 

An online survey was deployed in this study as it was the most appropriate mode of administration given the 

lockdown and restrictions imposed by the Philippine government as a response to the pandemic. This survey 

included demographic questions and 48 items from the Global Scientific Literacy Questionnaire (GSLQ) by 

Mun et al. (2015). The 5-point Likert scale items from the GSLQ were developed to measure four dimensions of 

the Global Scientific Literacy Framework: habits of mind (i.e., 5 items for communication and collaboration, 

while 8 items for systematic thinking and information management), character and values (i.e., 7 items for 

ecological worldview and compassion, while 2 items for socio-scientific accountability), science as a human 

endeavor (i.e., 3 items for characteristics of scientific knowledge, whereas 10 items for science and society as 

well as the spirit of science), and metacognition and self-direction (i.e., 10 items for planning and monitoring, 

whereas 3 items for evaluating). Scientific content knowledge was not included in the development of GLSQ by 

Mun et al. (2015) as they believed this dimension may require other measures. These scale items were tested 

validly based on exploratory and confirmatory factor analysis. The items in each dimension also showed good 

 

A post-test survey was then emailed at the end of the course to the study participants, who completed the pre-

test questionnaire. This survey included the same questions and items from the pre-test questionnaire to 

facilitate comparison. Specifically, giving the same questions and items for the pre-test and post-test to the 

students allowed the researchers to determine if Science, Technology, and Society as a six-week online course 

offered within the context of a pandemic can bring about an increase in scientific literacy. 

To make sense of the results gathered from the surveys, a focus group discussion was carried out after the 

grades were released for the second semester. A focus group discussion, as Stewart and Shamdasani (2015) 

point out, can add depth to the surve

suggested by Krueger (2015), were needed as participants in the focus group discussion. Aside from offering a 

comfortable environment, this small focus group size is conducive for participants to detail insights and 

observations about their experience. In this study, participants in the focus group discussion were randomly 

sampled from the list of undergraduate students enrolled in Science, Technology, and Society during the second 

semester of the academic year 2020 to 2021. Those who consented were asked to take part in the focus group 

discussion via Zoom as the videoconferencing platform.  
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Data Analysis 

Mean and standard deviation were employed to describe the central tendency of the GSLQ scores on pre-test 

and post-test. To determine if there is a significant increase in scientific literacy among undergraduate students 

after taking Science, Technology, and Society as a six-week online course offered during the COVID-19 

pandemic, a one-tailed paired sample t test of the GSLQ scores was performed at a 95% confidence interval and 

0.05 level of significance using Microsoft Excel. To examine which aspects of the course these students find 

helpful in making them more scientifically literate at a time of a pandemic, a thematic analysis of the verbatim 

transcript of the focus group discussion was carried out to find out recurring meanings. Thematic analysis in this 

study involved 1) familiarizing with the data through reading and re-reading the transcript; 2) generating initial 

codes through in vivo coding; 3) coming up with candidate themes by searching for meaningful patterns among 

the codes; 4) reviewing and re-classifying the themes by checking them against the transcript; 5) reporting the 

findings based on the emerging themes that were drawn from the gathered data (Braun et al., 2018).    

Results 

A total of 67 students coming from different sections completed both the pre-test and post-test surveys sent to 

them via email. These surveys yielded an approximately 10% response rate. The survey respondents were 19.54 

+ 0.93 years old. 62.69% (42 of them) were females, while 37.31% (25 of them) were males. Almost all were in 

their second year of undergraduate studies. 

Table 1 shows the GSLQ scores of the survey respondents on pre-test and post-test. Out of the highest possible 

sum of 240, their total GSLQ scores on pre-test and post-test were 205.33 + 17.15 and 208.54 + 20.76, 

respectively. One-tailed paired sample t test revealed there was a statistically significant increase in the total 

GSLQ scores of the survey respondents after taking Science, Technology, and Society over for six weeks during 

the first year of the COVID-19 pandemic (p = 0.03). Among the constructs of the Global Scientific Literacy 

Framework, statistically significant higher scores were observed at the end vis-à-vis at the start of the course for 

systematic thinking and information management (p = 0.01) as well as self-directed planning and monitoring (p 

= 0.02). The rest of the constructs, however, posted no significant difference in scores before and after the six-

week online classes in Science, Technology, and Society.    

Table 1. Pre-Test and Post-Test GSLQ Scores (n = 67) 

Dimensions of Global Scientific Literacy Framework Pre-Test Score Post-Test Score p value 

Habits of Mind    

Communication/Collaboration 20.87 + 2.75 21.10 + 2.43 0.21 

Systematic Thinking/Information Management 33.12 + 4.46 38.28 + 4.13 0.01 

Character and Values    

Ecological Worldview/Compassion  29.30 + 4.26 29.75 + 4.98 0.14 
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Socio-Scientific Accountability 08.13 + 1.95 08.34 + 1.97 0.15 

Science as a Human Endeavor    

Characteristics of Scientific Knowledge 13.51 + 1.39 13.28 + 1.45 0.13 

Science and Society/Spirit of Science 46.54 + 3.17 46.59 + 4.26 0.47 

Metacognition and Self-Direction    

Planning and Monitoring 41.70 + 4.87 42.85 + 5.23 0.02 

Evaluating 12.16 + 2.09 12.45 + 2.21 0.15 

Total 205.33 + 17.15 208.54 + 20.76 0.03 

A total of five students took part in the focus group discussion. They were 19.40 + 0.55 years of age. 20% (1 

student) described themselves as female, whereas 80% (4 students) identified themselves as male. 60% (3 

students) and 40% (2 students) were in their second year and third year of undergraduate studies, respectively. 

60% (3 students) were from the field of science and engineering, 20% (1 student) belonged to the field of 

humanities, and another 20% (1 student) came from the field of management. 

When asked during the focus group discussion what are their understanding of scientific literacy, student A 

grasp of real-

 

Whether they regard themselves as scientific literate based on their understanding of it, all of them believed so 

and they partly attributed their increase in scientific literacy to Science, Technology, and Society. Student A felt 

this course reinforced and built on the competencies they learned from previous science classes. Student B even 

Science, Technology, and Society 

 

This positive feedback about their experiences in Science, Technology, and Society can be due to the topics 

covered in class as they piqued the interest of the focus group discussion participants. Although students A and 

C found topics, such as the scientific method and the environmental impact of climate change, were already 

 

approach to Science, Technology, and Society 

ned readings and complementary resources like the curated YouTube 

videos, according to students C, D, and E, were quite engaging. The learning materials made available to them 
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Student B appreciated the compulsory use of the discussion board in their Canvas Learning Management 

System in fostering his scientific literacy as there were opportunities to exchange views with his classmates 

about science-related issues. Additionally, most of the focus group discussion participants, such as student A, 

identified the classes held online through Zoom as helpful in making them learn and become more scientifically 

literate since their teachers can explain further the concepts and synthesize the main points of the module. The 

way they were assessed for the course learning outcomes could have contributed as well to facilitating their 

scientific literacy. Instead of being given objective test items, which for students B, C, and D can be easily 

insights about the module. There were also occasions to learn from their classmates and gather different 

perspectives as they must collaborate for their group requirements.  

The focus group participants, however, felt that the six-week duration to go through the four modules in 

Science, Technology, and Society was rather short. For instance, the assigned readings, as student D pointed out, 

learned further if there was a presentation of their module synthesis in which they could share with others their 

insights and engage the class in a meaningful discussion. Such activities were not taken up in their classes due to 

time constraints, among others.   

 

Discussion 

The COVID-19 pandemic has upended the way we carry out our daily lives. How science is taught and learned 

is no exception as educational institutions across the world have resorted to online delivery of classes to 

minimize the disruption to learning in spite of the public health crisis. On one hand, this abrupt shift from in-

person classes to remote learning has posed challenges to teachers and students alike as both have been caught 

off guard by the pandemic: teachers must swiftly translate their lessons to make them suitable for remote 

learning, while students must quickly adapt to the unfamiliar terrains of learning in an online environment. On 

the other hand, the pandemic has accelerated the adoption of online platforms for teaching as educational 

institutions harness the positive aspects of information technology in promoting scientific literacy, among 

literacy within the context of adverse situations, such as a pandemic. Hence, this study seeks to find out if there 

would be a significant increase in scientific literacy among undergraduate students after taking the government-

mandated science education as a six-week online course offered during the first year of the COVID-19 

pandemic. It also intends to understand which aspects of their science education during a time of pandemic 

would these students find helpful in facilitating their scientific literacy. 

Comparing the total GSLQ scores on pre-test and post-test, this study showed there was a significant increase in 

scientific literacy among undergraduate students after going through a six-week online course offered during the 
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first year of the pandemic as part of their science education. Qualitative data from the focus group discussion 

supported these results as student participants felt they became more scientifically literate by the end of the 

course offering based on their understanding of scientific literacy as the use of scientific reasoning and practices 

not only to comprehend the world but to also solve urgent issues in society. This gain in scientific literacy could 

be particularly attributed to improvement in their systematic thinking and information management as well as in 

self-directed planning and monitoring.  

Systematic thinking and information management are foundational to scientific inquiry (Krajcik & Sutherland, 

2010). They represent higher levels of thinking, which allow individuals to see the whole without losing sight of 

its parts (Almamuri & Shaalan, 2021). They entail logically organizing gathered data and critically evaluating 

various resources to find relevant information, methodically analyzing data for patterns to explain observations 

and arrive at valid conclusions, and innovatively applying new or prior understanding to draw the best solutions 

to real-world problems (Mun et al., 2015).  

In this study, students probably became better at systematic thinking and information management due to the 

course design. First, the topics covered in class were engaging for the students, affording them to see multiple 

perspectives with the use of social frameworks to examine science-related issues. Ensuring that the course 

content in an online setting would be engaging to students, as Tsang et al. (2021) point out, is crucial in 

motivating them to learn in adverse situations. Doing so can foster higher levels of thinking despite the 

constraints brought by the pandemic as students are given meaningful opportunities to break down, integrate, 

and synthesize concepts, discover nuances, and apply the knowledge they acquired in challenging ways 

asynchronous learning helped them to externalize their thinking and exchange views with other students about 

science-related issues. Embedding student-student interaction using online discussion boards can facilitate 

student-content interaction as students, according to Ertmer et al. (2011), are offered meaningful opportunities to 

-

s 

instantaneously (p. 158). Third, employing videoconferencing for synchronous learning provided the students 

with real-time support from their teachers as concepts in class can be clarified and main points from the module 

can be run through. This student-teacher interaction, which among others involves students asking questions and 

their teachers providing timely feedback, is vital in promoting higher levels of thinking and mediating learning 

outcomes as there are meaningful opportunities to connect new concepts with prior knowledge (Tsang et al., 

2021). Lastly, knowledge construction instead of rote learning was the focus of the assessment as students must 

collaborate for their group requirements and they must individually demonstrate a deep understanding of 

science-related issues in view of course content. Student-student interaction in an online environment through 

giving collaborative learning tasks can facilitate higher levels of thinking by recognizing that knowledge takes 

place within a social context (Hussin et al., 2019), while student-content interaction through assigning reflective 

tasks can similarly foster higher levels of thinking by emphasizing the contribution of meaning-making in 

effective learning (Ertmer et al., 2011; Safitri et al., 2019).
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Self-directed planning and monitoring are also transferable skills that are necessary for carrying out a scientific 

actively in order to regu

transferrable skills help individuals to decide when they need further information, what data they need, and 

whether they understand the gathered information (Choi et al., 2011).  

In this study, self-directed planning and monitoring improved among students after taking Science, Technology, 

and Society within six weeks during the first year of the pandemic probably because of the nature of remote 

learning, which demands greater responsibility among learners for their learning. Specifically, asynchronous 

learning warrants independence and self-regulation, while synchronous learning necessitates connectivity, 

interaction, and collaboration (Garrison, 2003). Such findings reflect how the students were bound to take 

control of their learning by being proactive and autonomous as teaching abruptly shifted to an online setting 

during the pandemic. Similar to the study of Maphalala et al. (2021), these students were challenged by the 

extraordinary circumstances to adopt learning strategies that would help them navigate through remote learning 

within the context of a pandemic.        

 

The other dimensions of the Global Scientific Literacy Framework, however, were not further developed among 

the students in this study due to several reasons. First, the six weeks allotted for the online course offering may 

not be enough for the students to acquire the other dimensions of scientific literacy. Second, cognitive overload 

could have taken place as there were plenty of learning materials to go through over a short period. Third, the 

pandemic is not an ideal context to learn. Fourth, some students may have not adapted well to the abrupt shift 

from in-person classes to remote learning. Fifth, there could have been more collaborative tasks to promote 

social presence in an online setting.       

Conclusion 

Scientific literacy has become imperative in this age of I.R. 4.0. The COVID-19 pandemic, however, has 

challenged the acquisition of scientific literacy among students as the delivery of science education has suddenly 

shifted from in-person classes to remote learning. Nevertheless, this mixed methods study showed that there 

could still be a gain in scientific literacy despite the constraints on science education by the pandemic. An 

improvement in systematic thinking and information management as well as self-directed planning and 

monitoring among the students can account for such an increase in scientific literacy. Students became better at 

systematic thinking and information management possibly because of the course design wherein elements of 

student-teacher interaction, student-student interaction, and student-content interaction were purposively 

included in the teaching-learning process that takes place in an online setting. The very nature of remote 

learning that requires students to be more responsible for their learning, on the other hand, can explain why 

there was an improvement in their self-directed planning and monitoring. The role of teachers as facilitators of 
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learning within the context of adverse situations, such as pandemics, is therefore crucial as they map out and 

implement course design and they offer instructional as well as psycho-emotional support to students, who must 

adjust to the unfamiliar terrain of remote learning. Findings from this study can offer valuable insights for 

science educators and higher education institutions on how to ensure quality education when using remote 

learning during pandemics and other adverse situations.

Recommendations 

Several recommendations for future research are listed below in view of the limitations that were encountered in 

this study. First, the constructs used for scientific literacy in this study were confined to the theoretical 

framework suggested by Choi et al. (2011) and Mun et al. (2015). Other studies may consider other theoretical 

frameworks in measuring and evaluating scientific literacy. Second, this study only offered observations and 

explanations on the acquisition of scientific literacy during the latter part of the first year of the pandemic. 

Additional studies may be needed to better understand the development of scientific literacy among students 

during the early months of the pandemic and throughout the remainder of this public health crisis. Third, the 

study participants volunteered to take part in this research and may not represent other students within and 

outside the examined university. Future studies may benefit from carrying out probability sampling and 

investigating multiple educational institutions. Fourth, this study only yielded a 10% response rate to the online 

surveys despite the researchers repeatedly sending out email notifications. It also garnered more female 

participants than males. Asking the teachers to remind their students about the surveys, giving incentives to the 

respondents, and assuring the students of the anonymity of their responses and the practical usefulness of these 

responses are some of the strategies that other studies may employ to increase the survey response rate. Lastly, 

the study participants came from classes handled by different teachers. Their learning experiences during the 

pandemic may therefore vary. Future studies may find it useful to use analysis of covariance to account for the 

difference in teachers.   
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