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Abstract  

Objectives: To describe the implementation of a hybrid and an online active-learning-based science activity 

originally designed for face-to-face instruction. The goal was to verify if students used appropriate science 

practices while engaged in a problem solution through hybrid and fully online modalities. Epistemic practices 
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are important markers of scientific literacy because they reflect ways of thinking and working that are similar 

to those performed by scientists. 

Methods: Numerical experimental data related to two topics of immunology were provided to students 

through virtual learning environments. The groups of students met on WhatsApp© mobile application to 

negotiate the construction reports containing graphs, discussion, and conclusion to the inquiry problem. 

Members of our research team coded and analyzed the reports for evidence of epistemic practices. The 

presence of epistemic practices in the students' writings is presented and discussed qualitatively in this paper.  

Results: Results show the emergence of epistemic practices in the written discourse of the students 

participating in online and hybrid modalities.  

Implication for theory and/or practice: Bringing examples from our experience teaching online and as 

pre-pandemic researchers allowed us to engage, inspire, and assist other teachers who are facing the 

challenges that the COVID-19 pandemic presents to science education.  

Conclusions: Findings suggest that it is possible to promote student engagement in scientific practices 

related to biology through online and hybrid instruction. 
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Date Submitted: July 8, 2020  |  Date Published: December 31, 202o 

Recommended Citation  

Natale, C. C., Mello, P. S., Trivelato, S. L. F., Marzin-Janvier, P., & Manzoni-de-Almeida, D. (2021). Evidence of scientific 

literacy through hybrid and online biology inquiry-based learning activities. Higher Learning Research 

Communications, 11, 33–50. https://doi.org/10.5590/10.18870/hlrc.v11i0.1199 

Introduction  

Science, and its resulting knowledge, are present in the everyday life of 21st century society. Students must be 

part of an educational process that enables them to develop scientific skills and abilities in order to provide 

them with the necessary tools to participate in discussions, debates, decisions, and research in the exercise of 

citizenship. One of the issues that requires scientific knowledge in facing the challenges imposed to the global 

society is the coronavirus disease (COVID-19), which was declared a pandemic by the World Health 

Organization in March 2020. From the first report in December 2019 to November 2020, there were about 46 

million people contaminated and more than one million deaths in 216 countries all over the world (WHO, 

2020). 

One of the main approaches adopted by governments to suppress COVID-19 spreading was the immediate 

closing of educational institutions, which can negatively impact people in the most diverse societal and 

economic situations. According to UNESCO, 69% of total learners enrolled from pre-primary to tertiary levels 

of education, or more than 1.2 billion students, have been affected worldwide by the closures of education 

institutions caused by COVID-19 (UNESCO, 2020a). 

In order to mitigate the negative impacts of COVID-19 in education, the implementation of online-learning 

based approaches has been advocated (UNESCO, 2020b). Poll, Widen, and Weller (2014) defended the 

adoption of a set of best practices by teachers, while planning their online teaching and learning model, to 

promote engagement and improve retention. The recommendations include building a community of 

learners, drafting course expectations and objectives, exploring online tools for interaction, encouraging the 

exchange of ideas, providing relevant feedback on time, and creating a student-centered environment. 

How to provide students with scientific practice through virtual environments remains a question that has 

https://doi.org/10.5590/10.18870/hlrc.v11i0.1199
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been challenging teachers and researchers. The term scientific practice refers to the set of norms and genres 

that are involved in the scientific activity, including development of testable hypotheses, evaluation of data 

obtained in testing hypothesis and theory, producing explanations, and communicating the results with peers. 

Reiser, Berland, and Kenyon (2012) discussed how the practice of explanation in science is different than 

simply describing a given phenomenon. It comprises a set of processes of reasoning that aim to identify 

possible patterns in data that support the building of models and to fill in gaps in the explanation. In addition, 

scientific practices in the biological sciences are mostly established under physical contact and negotiation 

among scientists in the lab or the field, suggesting that the social factor is relevant during processes of 

knowledge construction. 

In science education, authors have shown that the appropriation of scientific practices is a sophisticated 

cognitive and metacognitive process that demands practice and a certain level of scaffolding (Crujeiras-Pérez 

& Jiménez-Aleixandre, 2017; Marzin & De Vries, 2008). Given this, planning strategies that bring scientific 

practice experiences into a virtual environment is the challenge and the key to promoting opportunities for the 

students’ appropriation of the scientific practices in online-based learning. Here, we bring together our 

experiences in the development, application, and analysis of online inquiry-based learning activities and 

explore possible ways to give students the opportunity to develop scientific practices during the pandemic. We 

believe that bringing examples from our experience teaching online and as researchers can engage, inspire, 

and assist other teachers who are facing the challenges that the COVID-19 pandemic presents. In this paper, 

we describe the implementation of hybrid and online learning activities that were originally designed for face-

to-face instruction. The definition we adopt here for online learning is learning that takes place exclusively 

outside of face-to-face environments (Goodyear et al., 2001). Our model of hybrid learning includes aspects of 

online and face-to-face interactions. 

Literature Review 

Goals and Epistemological Aspects of Science Education 

For Hodson (2014), science education presents four major goals that can lead to scientific literacy, which is by 

definition the acquisition of a set of skills and competencies that allows subjects to comprehend the events of 

the world or to be engaged with the scientific universe. The first goal is to learn science, that is, to understand 

the concepts, theories, and scientific laws. The second goal is linked to learning about science that assimilates 

information about the internal dynamics of how knowledge is constructed and legitimized within scientific 

logic. The third goal is to present practices similar to those performed by scientists, to train the students to 

apply scientific knowledge and habits, develop questions, formulate hypotheses, collect and interpret data, 

and construct explanations for phenomena. The fourth goal is related to socio-scientific themes and the ability 

to articulate social problems. One example of this would be addressing ethical questions about cloning or the 

environment that are deeply connected with the new possibilities that science and technology can bring. 

In recent years, several methodologies for teaching science have been developed and studied. Inquiry-based 

learning emerged in the United States in the mid-1970s as a counterpoint to the traditional teaching model 

that dealt with the direct transmission of scientific concepts and theories from teacher to student. Inquiry-

based learning focuses on allowing the student to develop the processes of construction of concepts and 

theories. Smithenry (2010) proposed a structure, adapted by Blanchard et al. (2010), which suggests that the 

stages of inquiry-based learning can be defined by levels according to the freedom or openness presented by 

the student or the teacher while conducting the scientific research activity. At Level 1, the activity is conducted 

entirely under the supervision of the teacher, while Level 3 students would have total autonomy in 

formulating the question, collecting data, and interpreting results. This perspective is in agreement with the 

concepts of inquiry-based learning in science education and with the goals of scientific literacy, because it 
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immerses the students in an environment in which the students are engaged in the dynamics of scientific 

practice.  

Several studies have been used to investigate this science teaching methodology that allows students to 

experience the social practices of science, also known as epistemic practices of science, which are a set of 

actions involving engagement, production, communication, evaluation, and legitimation (Jiménez-

Aleixandre, Mortimer & Silva, 2008; Kelly, 2008; Kelly & Duschl, 2002; Sandoval, 2005; Sandoval & 

Morrison, 2003). We have developed biology inquiry-based learning activities, especially related to 

immunology themes, that aim to develop epistemic practices in groups of students (Manzoni-de-Almeida et 

al., 2016; Mello et al., 2019) and drive the production of written arguments (Manzoni-de-Almeida, 2016). 

In an online model of science education, some questions remain open. For example, how can we reach the 

educational goals, especially the second, learning about science that assimilates information about the 

internal dynamics of how knowledge is constructed and legitimized within scientific logic and third goals, and 

the third, to train the students to apply scientific knowledge and habits, develop questions, formulate 

hypotheses, collect and interpret data, and construct explanations for phenomena? Achieving both goals 

implies developing an understanding of science as a social activity (Hodson, 2014). How can teachers promote 

inquiry-based learning activities in online platforms that provide students with experiences that are similar to 

those in face-to-face classrooms and laboratories? We intend to discuss some epistemological aspects that can 

help to address these questions. 

Online learning and teaching science 
In the case of teaching science at the undergraduate level, the most common application of content is via 

expository classes, which include the primary use of lecture and textbook (McCarthy, 2000). Depending on 

the subject, there are also practical classes in the laboratory. The student has a passive role that involves 

listening to the professor in class and, outside of class, reading the textbook. This kind of approach works with 

a certain type of student but does not work for many others, and this problem has driven the use of new 

technologies that support alternative methodologies for teaching (Handelsman et al., 2004). In order to 

understand how these technologies can be applied in science education, we first need to clarify the differences 

between e-Learning, distance learning, online learning, and hybrid learning environments.  

The term e-Learning originated in the 1980s, the same period as the origin of online learning (Moore et al., 

2011). Some authors define e-Learning as the process of learning that occurs using web-based tools (Nichols, 

2003) but that also includes other technology tools such as CD-ROM, audio/videotapes, and interactive TV 

(Iskander, 2008). For Triacca et al. (2004) the tool or the technology used for accessing the learning content 

is not sufficient as a descriptor. They added that e-Learning was a type of online learning and, in a certain 

way, distance learning.  

Distance learning arose from correspondence education or correspondence study (Keegan, 1996) that was 

used primarily prior to the development of the internet. Distance learning occurs when the instructor and the 

learner are separated by some physical distance and interact over a period of time (Dede, 1996; King et al., 

2001). This interaction between learner and teacher traditionally happened via postal mail, telephone and, 

later, the new technologies that facilitated learner-teacher interactions. Therefore, distance 

education/learning is limited by the difference in time and place between the learner and teacher, 

independent of which technology is used to facilitate interaction (Volery & Lord, 2000).  

More recently, with the advent of the internet and its use in the promotion of remote learning environments, 

the term online learning has emerged and supplements or replaces some of the traditional teaching 

methodologies (Glazer et al., 2011). Online learning appears with two variants. Online learning describes the 

situation when the teaching modality is used as a part of the learning process and fully online learning is used 

when the entire process of learning occurs remotely (Oblinger & Oblinger, 2005). Some authors describe 
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online learning as the use of technology to access learning experiences. This is a recent version of distance 

learning; however, online learning can occur regardless of the difference in time and place between the 

instructor and student (Benson et al., 2002; Carliner, 2004). 

Hybrid learning represents a combination of face-to-face and online learning activities. In this model, the 

student has the opportunity to interact face-to-face with the instructors, which does not happen in fully online 

courses. This method is very useful for teaching subjects that, for example, require the use of practical classes 

or laboratory instruction (Shea & Bidjerano, 2013). Since teaching science has particularities such as 

laboratory classes, the online environment can be used to learn theoretical content and to amplify interaction 

between students and professors. An interesting way to explore the hybrid model is to provide theoretical 

material through the virtual learning environment, while the face-to-face meetings are reserved for the 

research and application of methodologies such as problem-based learning (PBL) (Camp, 1996). Class time is 

spent having students formulate solutions that mimic the implementation of knowledge in real situations 

(Amador et al., 2006). 

Teaching and Learning of Immunology 

There is much interest in basic biological and epidemiological knowledge about the dynamics of virus 

infection that has probably been heightened given the current COVID-19 pandemic. Immunology, as a 

biological science, has developed the most over the last century. The study of immunology addresses scientific 

issues of great relevance to society, such as health issues encompassing HIV/AIDS, cancer, allergies, 

autoimmune diseases, and vaccine research. Science education with themes related to the knowledge of 

immunology will be of great relevance in the 21st century (Balkwill, 2005).  

Debard et al. (2005) presented two proposals for online learning in immunology. The authors point out that 

the internet can be a good tool for disseminating information and learning in immunology. Science education 

via an online-learning approach can lead to the development of activities with virtual interactions without 

losing important features of the teaching-learning process. For example, teacher’s mediation to promote a 

social and collective construction (involving language, conceptual knowledge, and interactions between 

students) can be effective in the online environment through using tools in virtual spaces that promote 

dialogue between the students and also among teachers and students. Recently, we have shown the potential 

of online investigative activities for the development of argumentative writing, an important marker of 

scientific literacy of high school students (Mello, Marzin-Janvier, & Manzoni-de-Almeida, 2018). They 

engaged in a problem about antibody specificity and produced a report through the online LabNbook 

platform. Our results suggest that students supported their claims on numerical data and on theoretical 

knowledge and produced written excerpts that used data to create an argument and make a claim, which can 

be classified as Toulmin based arguments (Toulmin, 2003). Additionally, developing full scientific literacy 

involves the incorporation of social practices of science. Thus, studying epistemic practices when students 

perform inquiry-based learning in online learning activities can generate important evidence of this goal.  

Purpose of the Study and Research Question 

The purpose of the study is to describe the discursive pathway of students within virtual learning platforms in 

order to better understand the advantages and limits of applying non face-to-face, inquiry-based learning 

strategies. This knowledge can be useful to help guide students and teachers to develop scientific values in 

online immunology classes during the COVID-19 pandemic. We are also interested in investigating the 

promotion of scientific literacy of students in carrying out the proposed activities, qualitatively verifying the 

evidence of the emergence of epistemic practices as important markers of scientific literacy. 
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The primary research question involves understanding whether epistemic practices, performed by students 

when conducting a classroom inquiry-based learning activity, can also be utilized when carried out in the 

online learning environment. 

Methods 

Nature of the Study 

This research is descriptive and involves analysis of two experiences we had teaching immunology entirely 

online and in a hybrid format. We are aware that the interactional contexts can influence the educational 

processes and that they need to be taken into account during the analyses. Thus, the methodological approach 

and procedural aspects of this research align with the qualitative methodologies (Lüdke & André, 2013).  

The complement system hybrid activity  

The hybrid inquiry-based learning activity focusing on the complement system was built based on a previous 

face-to-face inquiry-based learning activity developed by Mello et al. (2019). In the face-to-face activity, 

students participate in both question formulation and development of experiments to evaluate the 

interference of several physical, chemical, or biological reagents, chosen by themselves, in the activation of the 

complement system, through the performance of the in vitro technique of analysis of the complement fixation. 

At the end of the experiment, students collected and analyzed data and wrote a report. Detailed information is 

described in Mello et al. (2019).  

The results described in this paper include an adaptation of this first model to be applied in hybrid classes. 

The resulting hybrid learning activity was organized in three phases as described in Table 1. In Phase 1, the 

teacher presents a theoretical class on the complement system and engages the students with the problem and 

the experimental question previously formulated by other students who had been enrolled in the face-to-face 

course before. The raw data from the experiments performed previously by other students is made available to 

students in the virtual learning environment Moodle . In Phase 2, students explore and explain the data by 

analyzing data, producing inscriptions relevant to the scientific field (graphs and tables, for example; Latour & 

Woolgar, 1986), and discussing findings with their peers, and draw conclusions about the results. In Phase 3, 

students share data and experience about the process of analyzing results with peers, being mediated by the 

teacher through the virtual learning environment. 

Table 1: Hybrid Inquiry-Based Learning Activity on Activation of the Complement System for 

Immunology Classes  

Phases Class 
Environment 

Procedures Lesson Activities 

1 Classroom 

Theoretical lecture on 
complement system; 

Engagement of 
students in the 

problematic and 
scientific question; 

Assessing students’ 
expectations before the 

analysis 

Engage in the research 
question  

2 
Online (Virtual 

Learning 
Environment) 

Development and 
analysis of data 

Explore and explain data; 

Elaborate and evaluate the 
understanding of research, 

the opportunity to share with 
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colleagues and teachers the 
findings in the virtual 

environment. 

3 Classroom 
Communication and 

discussion of scientific 
findings 

Communicate verbally or 
present the scientific 

explanation of research 
carried out in the virtual 

learning environment 

In order to provide an environment that enables student’s engagement in scientific practice, we stressed to 

students that the aim of the activity was not finding correct answers but analyzing and understanding the 

message behind the data and building explanations upon them. Thus, we used the best practices in Poll, 

Widen, and Weller (2014) and drafted the expectations of the students explicitly in Phase 1. To stimulate the 

exchange of ideas, we encouraged groups of students to engage in data discussion using the chat feature of the 

WhatsApp© mobile application and also to share their questions, ideas, and frustrations with the teacher who 

would be available on WhatsApp at predetermined times. During chat sessions, the teacher provided guidance 

through the formulation of statements that demanded students reflect and reason about the topic under 

discussion. 

The organ transplantation activity through online learning activity 

Design of this learning activity was based on the face-to-face activity described by Manzoni de Almeida and 

Trivelato (2015) and Manzoni-de-Almeida et al. (2016). Briefly, the face-to-face activity consisted of exposing 

and engaging students in a problem concerning science and health of organ (bone marrow) transplantation. 

Numerical data obtained by the professor from classical articles on polymerase chain reaction (PCR) and 

northern blot were made available to students. In short, students should use the data to identify cell types in 

the hypothetical sample obtained from mice bone marrow. These cell types could be undifferentiated cells, 

pre-B cells, and differentiated B cells. Each group received the data of one specific cell type. For example, 

Group 1 received the undifferentiated cell data; Group 2 received the pre-B cell data; and Group 3 received the 

differentiated cell data. The students did not know which group with cell data they had received. At the end of 

the activity, the groups should conclude that the only possible sample to be transplanted was the one 

containing undifferentiated cells. The other two samples are cells classified as pre-B cells and differentiated B 

cells and that are not suitable for performing bone marrow transplantation since, for transplantation efficacy, 

only stem cells obtained from bone marrow must be transferred from the individual donor for the recipient 

individual. After analyzing the data, the groups of students wrote a report describing and analyzing data, 

concluding the scientific research and justifying their findings using knowledge learned from immunology. 

The face-to-face approach was adapted in three stages for the online learning activity (see Table 2). The online 

learning activity was performed with the same material and procedures as the face-to-face activity. During 

Phase 1, students received through the virtual learning environment an explanation about the activity and 

received the raw hypothetical data previously obtained from the seminal articles. During Phase 2, students 

had to analyze the data received. To carry out this step, students were divided into groups that interacted 

through the Whatsapp© mobile application to negotiate the construction of graphs using the numerical data 

and to draw a conclusion to solve the problem. In Phase 3, students share data and experiences about the 

process of analyzing the results with peers, which is mediated by the teacher.  

Table 2: Online Inquiry-Based Learning Activity on Cell Differentiation for Immunology Classes  
Phases Class Environment Procedures Lesson Activities  

1 

Online learning activity 

(Virtual Learning 

Environment) 

Presentation of the 

activity; 
Engage in the research question 



Natale et al., 2020  Open        Access 

 
Higher Learning Research Communications  40 

Engagement of students 

in the problematic and 

scientific question 

2 

Online learning activity 

(Virtual Learning 

Environment) 

Development and analysis 

of data 

Explore, explain, and evaluate 

data with colleagues and teacher in 

the virtual environment. 

3 

Online learning activity 

(Virtual Learning 

Environment) 

Communication and 

discussion of scientific 

findings 

Communicate through writing or 

videos the scientific explanation of 

research in the virtual 

environment 

Epistemic Practices Analysis 

During the activities, each group of students produced their written reports containing data 
representation, description of results, discussion, and conclusions. The reports were sent back to the 
teacher through the virtual learning environment.  

A member of our research team coded and analyzed the reports. Each paragraph was divided into 
marks, according to DelCorso (2015, cited in Manzoni-de-Almeida et al., 2016), and each mark was 
read carefully for the presence of the categories of epistemic practices. To analyze for epistemic 
practice ‘categories, a rubric was developed based on the research of Kelly and Licona (2018). There 
are four main categories. The first is proposition, the scientific activity involved in constructing 
questions and hypotheses, working with theoretical models, and making observations. The second is 
communication, involving the construction of reports and scientific communications, writing 
justifications, and verbally communicating explanations and scientific discoveries. The third is 
evaluation, which involves verification of scientific merit, confronting theories and models, 
evaluating scientific explanations, and comparing findings with alternative theories. Finally, 
legitimation involves building a consensus with the group on the findings in the research and 
recognizing the knowledge elaborated with epistemic value for the scientific community.  

Each mark was carefully numbered, read, and properly sorted in each of the categories based on the 
definitions presented above. For example, the marks containing students’ hypothesis were sorted as 
proposition. The marks in which students justified a given assertion were sorted as communication. 
When students presented larger theories of knowledge to support their claims, it was sorted as 
evaluation. Finally, when the group performed a meta-discourse to reflect about the limits and 
possibilities of the results obtained, the mark was sorted as legitimation. Those marks in which we 
found no similarities with the definitions of Kelly and Licona (2018) were not assigned to the 
categories. Another member of the research team verified the categorization; possible differences in 
the analysis were discussed and adjusted collectively. The selection of marks to illustrate the 
examples presented here was made randomly, because our intention was to describe and interpret 
which epistemic practices emerge from the performance of the online and hybrid inquiry-based 
activities presented here.  

Results 

Table 3 presents the analysis of epistemic practices for the students who completed the hybrid learning 

activity. The results show that these students formulate sentences that can be classified in different categories 

of epistemic practices. In the following sentence, “The tests will show if there was hemolysis of erythrocytes in 
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contact with rabbit serum,” we expect to calculate the percentage of hemolysis using spectrophotometer data. 

Therefore, it is expected that there will be different results. The group makes clear the kind of information 

expected to be obtained from the in vitro technique. This sentence was classified in the Proposition category. 

The category Communication appears in the sentence “Considering the first test, the result of which was 48% 

of erythrocytes lysis, it is noticed that perhaps the complement system is not acting with maximum efficiency” 

because students present their inferences based on the analysis. The term “perhaps” marks a trait of similarity 

with the scientific discourse, in which the findings are revealed as a speculation more than as a truth. The 

sentence “From all that has been discussed previously it can be concluded that sodium hydroxide was not able 

to directly interfere in lysis by the complement of the form as expected initially” was classified as evaluation. 

Here, the group appeals to what had been collectively discussed in the classroom and in the online platform to 

substantiate their statements. 

The last category, Legitimacy, was observed when the group performed a meta-discourse to reflect about the 

limits and possibilities of the results obtained. They also create a new hypothesis to be tested in the future, as 

can be seen in the following sentence: “Based on the analysis of this experiment, we suggest that in future 

tests, there is greater caution in performing the methodological procedures so that similar errors do not occur 

that are detrimental to the final results. Despite these errors, we conclude that, effectively, the shrimp solution 

interferes with the functioning of the complement system. For this, we have come to the hypothesis that the 

allergenic potential of the crustacean may be related to this” (Table 3). 

Table 3: Evidence of Epistemic Practices in the Writings of Students When Performing the Hybrid Learning 

Activity on Activation of the Complement System 

Hybrid Learning Activity 
Epistemic 

Practice 

"The tests will show if there was hemolysis of erythrocytes in contact with rabbit 

serum. We expect to calculate the percentage of hemolysis using spectrophotometer 

data. Therefore, it is expected that there will be different results.” 

Proposition 

"Considering the first test, the result of which was 48% of erythrocytes lysis, it is 

noticed that perhaps the complement system is not acting with maximum efficiency. 

An unexpected result occurred in the second test, contrary to the expectation that, by 

diluting the shrimp solution, there would be an increase in the erythrocyte lysis rate 

relative to the first test. However, there was a 6% decrease in hemolytic rate. In the 

third test (94% of hemolysis), it is believed that the complement system can already 

act quite efficiently, without much interference from the shrimp solution.” 

Communication 

“From all that has been discussed previously it can be concluded that sodium 

hydroxide was not able to directly interfere in lysis by the complement of the form as 

expected initially. This reagent is indeed able to lyse red blood cells, due to its strong 

basic and corrosive character, acting independently of the complement system." 

Evaluation 

"Based on the analysis of this experiment, we suggest that in future tests, there is 

greater caution in performing the methodological procedures so that similar errors 

do not occur that are detrimental to the final results. Despite these errors, we 

conclude that, effectively, the shrimp solution interferes with the functioning of the 

complement system. For this, we have come to the hypothesis that the allergenic 

potential of the crustacean may be related to this." 

 

Legitimation 



Natale et al., 2020  Open        Access 

 
Higher Learning Research Communications  42 

Students engaged in online learning displayed the emergence of the categories of epistemic practices in their 

written reports from the transplantation activity (see Table 4). In the sentence “Through PCR analysis it can 

be observed that the RAG gene level is lower than the actin gene level. Therefore, there is no expression of the 

RAG gene. From the PCR technique we can observe that the actin values are higher than the RAG”, we can see 

students working in the discovery dimension, since they set up which information might be extracted from the 

different techniques analyzed in the activity. Thus, the excerpt was classified as Proposition. 

The category Communication is observed in the following sentence: “Through the analysis of the two 

techniques we could conclude that the sample has stem cells, due to the non-expression of the RAG gene and 

because RNA transcription does not occur.” Here, students connect the knowledge that stem cells do not 

express RAG gene to the findings that RNA transcription did not occur to ground the conclusion about the 

problem under investigation. 

The category Evaluation is seen in the excerpt “It can be concluded from the PCR there were pre-B cells in the 

sample because its RAG is greater than actin, because only the pre-B is greater than actin, and if it were a stem 

cell or B cell it would have to be less than or equal to those values.” In this evaluation sentence, the group 

selected from the results the evidence that has more impact to support setting a line of reasoning. They also 

confronted findings and theoretical knowledge at the end of the sentence as a second evidence to reinforce 

their claim. The following phrase, “(…) Being a stem cell, the scientist may use the sample to begin treatment 

of the mouse,” was classified as Legitimation, since here the group built a consensus on the findings in the 

research. 

Taken together, our analyses show that students make use of evidence and appropriate epistemic practices 

during the resolution of problems, even when working in online and hybrid environments. 

Table 4: Evidence of Epistemic Practices in the Writings of Students When Conducting the Online Learning 

Activity 

Online Learning Activity Epistemic Practice 

“Through PCR analysis it can be observed that the RAG gene level is lower than 

the actin gene level. Therefore, there is no expression of the RAG gene. 

From the PCR technique we can observe that the actin values are higher than 

the RAG.” 

Proposition 

“Through the analysis of the two techniques we could conclude that the sample 

has stem cells, due to the non-expression of the RAG gene and because RNA 

transcription does not occur." 

Communication 

“It can be concluded from the PCR there were pre-B cells in the sample because 

its RAG is greater than actin, because only the pre-B is greater than actin, and 

if it were a stem cell or B cell it would have to be less than or equal to those 

values." 

Evaluation 

“From the PCR technique, we can conclude that there are stem cells in the 

sample because the RAG is not expressed and so it is a B cell or stem cell. Being 

a stem cell, the scientist may use the sample to begin treatment of the mouse." 

Legitimation 
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Discussion 

In the last decade, we have more access to social media such as Facebook, Instagram, Twitter, as well as 

content on YouTube, wikis, e-lectures, and other platforms, that improve the capacity for self-learning and 

engagement around the world. We have the capacity to access the content of any site without having to move 

from our home. Online learning has been integrated in universities, not only in distance education but also as 

a part of the interactions between students and professors, such as discussion groups, assessments, and 

distribution of materials (Bliuc et al., 2010).  

To contribute to the development of non-face-to-face teaching strategies in immunology, we have developed 

two investigative activities to be applied in the discipline of immunology in hybrid and online learning models. 

Students from different undergraduate programs in biomedical sciences completed both the activities, 

suggesting that virtual learning environments and online chat applications allowed interaction between 

teacher and students in the two proposals presented. The use of virtual learning environments and online 

technologies has been described as allies to support teaching in different contexts within undergraduate 

science courses. Debard (2005) described how multimedia has been used successfully to transpose specific 

immunology content into virtual learning environments in two different projects in Switzerland. Valaitis et al. 

(2005) showed that undergraduate nursing students who undertook problem-based learning online had 

positive perceptions after completing the activity, despite difficulties in adapting to the virtual environment.  

Some authors state that the incorporation of technology tools in education can enhance the learning of the 

students when compared with instruction without those tools (Twigg, 2004); however, those technology tools 

seem to have more of an impact with the students from higher socioeconomic backgrounds and who have 

more contact with technology (Dillon & Gabbard, 1998; Gladieux & Swail, 1999). Another study showed that 

video assignments blended with face-to-face activities in the class stimulated interest in the topic and proved 

to be a more effective strategy for science education when compared with traditional approaches (Stockwell et 

al., 2015). Also, there exists some evidence that using e-mail with some class activities enhances collaboration 

between students (Oblinger & Maruyama, 1996) and facilitates more frequent contact between students and 

faculty members (Wingard, 2004). In addition, the institutions that have invested in technology such as more 

computers and wireless networks showed more engagement in effective educational practices compared to 

less wired institutions (Hu & Kuh, 2001). The use of technologies as a part of teaching has proven to be a great 

tool; technology can be used to improve relations between members of the academic community as well as to 

increase student interest in the subject. Both can be achieved better with a university effort. 

During the elaboration of the hybrid and online learning activities, one of our concerns was to promote an 

epistemological view of science in education. This is an aim that has been encouraged by the National 

Research Council (NRC, 2012) and extensively discussed by Kelly and Duschl (2002) as a requisite for those 

learners who are acquiring the professional vision of a community of scientists. In the first activity, groups of 

students analyze the raw data that they did not collect themselves. In addition, the raw data was comprised by 

numbers and photographs of an experimental plate, which does not provide enough information until these 

results are transformed into inscriptions (Latour and Woolgar, 1986) and interpreted in light of the social 

elements that fostered the experiment. In the online learning activity, students had to apply knowledge of 

experimental techniques routinely used by scientists, to find the right sample of cells to be transplanted. Both 

of the activities provide students with the opportunity to perform tasks that have elements similar to the 

practices involved in the construction of knowledge instead of merely receiving information in the form of 

concepts. 

In order to verify if the activities applied in hybrid and online learning address aspects of the social basis of 

knowledge production in science, we evaluated the presence of epistemic practice categories according to 

Kelly and Licona (2018). In previous articles, our group showed that face-to-face activities in immunology 
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displayed the emergence of epistemic practices (Manzoni-de-Almeida et al., 2016; Mello et al., 2019). In this 

article, we observed the presence of the four categories of epistemic practices (proposition, communication, 

evaluation, and legitimation) in the students' reports, for both activities (Tables 3 and 4). This indicates that 

virtual learning environments support activities in which students engage in scientific practices, such as data 

analysis and the formulation of conclusions based on data analysis. In addition, the analyses presented here 

suggest that the display of epistemic practices is not limited to the performance of experiments in the 

classroom, which we consider advantageous for the development of online strategies and hybrid learning in 

immunology.  

An interesting observation from our analyses occurred in the passages (marks) classified as Legitimation. We 

observed the students’ efforts to self-reflect and propose improvements to avoid unexpected results, as well as 

the consideration of the degree of information that can be deduced from their findings. The adoption of a 

meta-discourse is evidence that learners comprehend ed that science is not about finding the truth but rather 

about interpreting the results in the light of its strengths and limits (Kelly & Licona, 2018). Because 

sometimes students are used to doing closed-ended activities and finding the right answers to the questions in 

classrooms, the incorporation of meta-discourse does not happen spontaneously. Mello et al. (2019) 

highlighted how the teacher made explicit what was expected of the students in each phase of a face-to-face 

inquiry-based activity about the complement system. At the final step, when students had to analyze and 

produce their inquiry reports, it was crucial for the teacher to guide them on how to reflect about their 

findings in a meta-discursive way instead of only reviewing the correctness of their experimental results. A 

challenge that teachers might face during the pandemic is how to provide students with instructions in these 

new methodologies in non-traditional settings, especially for students who are not accustomed to virtual 

classroom environments.  

Our experience in teaching through virtual learning environments was made easier since our students, in both 

of the activities, were already familiar with the virtual learning platforms from their routine in college, 

eliminating the possibility of difficulties in the use of technologies being a problem. However, one of our 

struggles in the activities was keeping the students engaged in scientific practices. We believe that this was 

due to the complexity of both of the activities, which demanded a certain level of previous knowledge of both 

content and research techniques, and also some degree of maturity in dealing with scientific processes. When 

the teachers and students are not face-to-face, this could limit the effectiveness of the activity since the 

teacher is unable to use paper and pen to make schemes that help clarify what is under discussion. They 

cannot use gestural communication and thus synchronicity of the discussion might be off because of the 

process of remote communication. To mitigate these barriers, in both of the cases, the teacher had to be 

available for students at all hours, which on the other hand might represent an extra burden upon the teacher. 

A complicating factor of the use of online learning is the socioeconomic differences among students from 

various countries or even the variation of internet access in different regions of the same country. The use of 

online learning strategies without considering these differences may amplify the disparity between privileged 

and underprivileged students in regards to the learning process. Graham et al. (2012) showed that internet 

access varied by region. He found that the United States has more internet users than South America, and that 

Africa has even less than South America. This shows that planning the use of online learning needs to take 

into account the available infrastructure; otherwise, only those who have access to technology tools will 

benefit from online instruction. This may, in turn, only further increase the socioeconomic disparity. In the 

current pandemic situation when online learning seems to be the solution to continue instruction while 

maintaining social distancing, it is vital to consider the socio-economic barriers to online education that many 

students around the world face. 

Our findings suggest that it is possible to promote teaching and learning of immunology through online-

learning activities. We are consistent with Goyal (2012) in that the online learning model by itself cannot 
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replace traditional classroom learning; however, it can be advantageous to incorporate the use of technology. 

These results suggest that the proposed inquiry-based learning activities can provide opportunities for 

students to perform important epistemic practices in the development of scientific literacy in online and 

hybrid learning formats as well as in classroom-based activities. 

Limitations 

Because we analyzed the written material produced by groups of students, it was not possible to evaluate the 

degree of commitment of the students in the performance of the activity. A question that still remains open is 

whether the reports presented are the result of collective negotiation or the result of individual engagement. 

Another limitation of the study is that it was not possible to evaluate at which level the epistemic practices 

that were categorized are incorporated into the daily activities of the students. We believe that the assessment 

of these aspects demanded use of a range of different teaching strategies over time.  

Implications for Theory and Practice 

In an unsafe pandemic situation such as the one in which we now live, online and hybrid teaching and 

learning strategies have become an alternative to allow for the continuity of teaching activities. This allows 

learning to take place while maintaining the safety of teachers and students. But whether this has to lead to 

learning losses for students is complex. It will depend on a constant review of what skills the teacher should 

develop in these students and how these skills and competencies can be attained in remote or online classes. 

We believe that all skills cannot be provided exclusively by online and hybrid modalities. However, there is 

still the possibility of instilling in students critical and scientific thinking skills, even in totally online activities. 

Our study shows that students can handle raw experimental data regardless of its origin. In other words, if the 

data were collected by experiments performed by others or if the data are compiled from a scientific article, 

students still have the ability to construct hypotheses and conclusions from the graphs generated by those 

data. This suggests that the development of skills and competence of scientific reasoning can still be promoted 

through hybrid and online learning strategies. Thus, the teacher can use this methodology to develop in 

students the ability to handle experimental data, construct graphs, and elaborate hypotheses and conclusions 

using the experimental data as the basis of their arguments. What our qualitative data shows is that these 

skills are not developed exclusively in face-to-face environments, but can also be developed in hybrid and 

online learning activities. 

Conclusions 

Science and technology are inseparable in the contemporary world. Thus, scientific literacy, computer skills, 

and educational competencies can be developed together. Here, we presented two inquiry-based learning 

activities that can be carried out in hybrid and totally online learning instruction. In both embodiments, the 

evidence of the appropriation of scientific practices by the students was presented by the categorization of 

epistemic practices in the reports. Epistemic practices can be performed by students in an inquiry-based 

learning activity in an online environment. For the student engagement in epistemic practice, it appears 

important that they be capable of using evidence to support arguments, be it evidence obtained in the 

laboratory or taken from the professor. Our study can contribute to the education, popularization, and 

democratization of science, technology, and society in the face of the challenges that the COVID-19 pandemic 

imposed to the world. Thus, alternatives that seek to develop the basic competencies and skills of scientific 

literacy, to respect the individuality and socio-economic conditions of students and teachers, are necessary for 

the construction of a more critical and democratic society. 
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