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ABSTRACT:

e Covid-19 pandemic has accelerated the development and implementation of online education in higher education institutions 
around the globe. Online lecturing to large groups has been part of this acceleration. e problem is that synchronous face-to-
face lectures and synchronous online lectures are widely criticized for reinforcing the hegemony of instructor-centered traditional 
approaches and rarely involving instructor-student and student-student argumentative interaction. is study aimed to provide 
evidence that online informal formative assessment (OIFA) can be used to provide undergraduates with explicit opportunities 
to participate in instructor-student argumentative interaction. An OIFA-based pedagogical strategy was implemented amidst the 
Covid-19 pandemic in the online lecturing sessions of a science course with 76 undergraduates (40 females and 36 males, 16–23 
years old) in Colombia. It was found that OIFA can contribute to instructor-student argumentative interaction as well as to being 
able to better address undergraduate learning needs. Practical implications for university science education in the pandemic and 
post-pandemic eras are discussed.
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Introduction

On December 31, 2019, a cluster of severe pneumonia cases of unknown aetiology in the city of Wuhan,
Hubei Province, in central China, was reported by the Chinese Center for Disease Control. On January 30,
2020, e World Health Organization (WHO) “declared the outbreak to be a public health emergency of
international concern” (WHO 2020a, p. 1). Six weeks later (March 11, 2020), WHO declared coronavirus
disease 2019 (Covid-19) to be a pandemic (WHO 2020b). Recently, Erduran (2021) noted that “the
pandemic context is helping researchers galvanize new and fresh perspectives on how to understand and
improve science education to make it relevant for today’s circumstances” (p. 201). With this in mind,
it is now something of a truism to say that the Covid-19 pandemic has accelerated the development
and implementation of online courses in higher education institutions around the globe. It is very likely
this situation will continue in the post-pandemic era. is transformation in education has presented a
common challenge to multiple universities that focused much of their efforts on strengthening their learning
management systems (e.g., Blackboard Learn™, Canvas®, Moodle®), and much less effort considering how
to guide instructors in the creation, implementation, and assessment of authentic and meaningful online
educational practices. One consequence of this is that the traditional (and outmoded) synchronous face-to-
face lecture format has evolved into synchronous online lecture (Mahmood 2021; Sun et al. 2020).

In the case of face-to-face lectures, Hoidn and Klemenčič (2021) criticize them for reinforcing the
hegemony of instructor-centered traditional approaches. Given this situation, it is probably not so surprising
that research has found that this type of practice rarely involves instructor-student and student-student
argumentative interaction (e.g., Archila et al. 2018, 2019, 2020). In many lectures, the instructor assumes
an authoritative (dominant) stance, doing most of the talking (and/or reading PowerPoint® slides) while
students merely remain passive and silent. “ere can be nothing more demotivating for students than
sitting in a lecture where the lecturer is monotone, the PowerPoint presentation is a predictable list of
bullet points and at no point do they feel part of the lecture” (Morton 2009, p. 64). Clearly, it is hard
to imagine that undergraduates would be able to develop a desirable process of knowledge construction
under these conditions. erefore, Matsushita (2018) and Mayer (2004) assert that lecture-based knowledge
transmission is a good example of what a non-constructivist practice is.

Mahmood (2021) and Sun et al. (2020) maintain that the Covid-19 pandemic is a valuable opportunity
for instructors to patiently abandon the espoused and enacted belief that students are passive listeners
(absorbers of information) and/or note takers and start to include interaction and open discussion more
frequently in their online lectures. In relation to this, Hoidn and Klemenčič (2021) recommend combining
lectures with active learning practices as a way to facilitate more meaningful or deeper learning. In the case of
university science education, the combination lecture-active learning seems to be a rational and reasonable
possibility whether we acknowledge that many science courses rely primarily on lecture (Wieman 2017).
Archila (2017) and Archila et al. (2020, 2021a, 2021b) maintain that engaging students in argumentative
interaction is a powerful form of active learning, pointing out that argumentative interaction is not a
common practice in university education.

Our study is inspired by the reflection that the impact of this pandemic on contemporary science and
society is likely to be felt for a long time (Erduran 2020a). In the context of the Covid-19 crisis, we explored
the use of online informal formative assessment (OIFA) —a fairly specific type of assessment for learning in
which feedback is instantaneous (Rached and Grangeat 2021)— as educational ally for online lecturing to
large groups. Specifically, this study aimed to provide evidence that OIFA can be used to give undergraduates
explicit opportunities to participate in instructor-student argumentative interaction. To this end, we created
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and implemented an OIFA-based pedagogical strategy. e present study posed the following two research
questions:

RQ1: To what extent does the OIFA-based pedagogical strategy provide students with explicit
opportunities to participate in instructor-student argumentative interaction during online lecturing?

RQ2: What is the opinion of the students about the use of OIFA in online lecturing?

Theoretical framework

We define learning as constructing meaning and reflecting critically on this meaning. Accordingly, (1) online
leaning, (2) active learning, (3) argumentative interaction, and (4) informal formative assessment, are four
essential elements of our OIFA-based pedagogical strategy. In this section, the theoretical foundations of
these four notions are discussed. To start with, it is important to clarify that the term “online learning” is an
umbrella term. It is widely used but has multiple meanings. In this article, online learning is defined as the
use of digital technologies (e.g., computers, smartphones, tablets) with Internet access to provide a learning
experience that may take place synchronously or asynchronously (Zhu and Liu 2020). is definition largely
explains why online learning was rapidly adopted to face the challenge of the Covid-19 pandemic. Sunal
and Wright (2012) underscore the following characteristics of a desirable online learning environment:
pedagogical practice based on constructivism, concrete actions to foster authentic learning, student-centered
learning, learning engagement through a variety of pedagogic strategies, and active learning.

e idea that desirable online (and offline) learning requires active learning practices is a recurring
reflection (Salmon 2013). In the context of university education, Mizokami (2018) defines active learning as
“all kinds of learning beyond the mere one-way transmission of knowledge in lecture-style classes (= passive
learning). It requires engagement in activities (writing, discussion, and presentation) and externalizing
cognitive processes in the activities” (p. 79). In active learning environments, students assume the role of
debaters, critical thinkers, decision makers, and self-directed learners, while the instructor acts as a creative
facilitator for learning. Her/his function is not only to provide students with explicit opportunities to
collaborate, construct, experiment, interact, and reflect, but also to think about what and why they are doing
this (Gogus 2012).

According to Matsushita (2018), three aspects can be considered for deep active learning, namely: (1)
deep learning; (2) deep understanding; and (3) deep engagement. In relation to the first, deep learning
occurs when the student constructs meaning by herself/himself, while in surface leaning the student focuses
solely on coping with course requirements (e.g., passing an exam). With respect to the second, deep
understanding is achieved when the student not only internalizes knowledge, but also reconstructs this
through externalization activities (e.g., debate, role playing, writing). Concerning the third aspect, deep
engagement (involvement) refers to the articulation of motivation and active learning. Matsushita (2018)
also stresses that acquisition and understanding of knowledge (internalization) is an important prerequisite
in the promotion of higher-order thinking skills (e.g., argumentation, critical thinking) and externalization
of cognitive processes. She contends that this is a good reason why deep active learning can contribute to
the transformation of education based on one-sided lectures by the instructor into a more meaningful and
reflective learning experience that articulates lecture classes and active learning classes.

Bonwell and Eison (1991) are widely recognized for their criticisms of the instructor-centered lecture
format and their efforts to foster active learning in higher education. In this regard, Morton (2009)
commented that “much of the writing in the late 1980s indicated that sitting in lectures was not always a
particularly effective way for students to learn and predicted that the next few years would see the demise of
the lecture” (p. 58). e key problem, however, is that lecturing is still a popular practice is science courses.
Given this situation, Wieman (2017) highlights the need for implementing active learning strategies in these
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courses. He recommends student-instructor and student-student interaction as one concrete active learning
action, among many, to improve educational practices.

“Argumentation studies have been a successful line of research in science education since its first steps
at the end of the 1990s” (Jiménez-Aleixandre and Brocos 2017, p. 117). In line with this, Erduran
et al. (2020), Jiménez-Aleixandre and Brocos (2021), and Namdar and Namdar (2021) contend that,
nowadays, argumentation is widely accepted as a key higher-order skill that should be explicitly promoted.
Here, we define argumentation “as the connection between claims and data through justifications or the
evaluation of knowledge claims in light of evidence, either empirical or theoretical” (Erduran and Jiménez-
Aleixandre 2007, p. 13). Likewise, Jiménez-Aleixandre and Brocos (2017) maintain that argumentative
interaction is a branch of argumentation. In the present article, argumentative interaction is defined as
a form of communication in which two or more people exchange and/or co-construct arguments in a
dialogic—egalitarian (symmetric) dialogue—atmosphere. ere are at least three reasons that explain why
argumentative interaction is considered as a type of active learning. First, constructing an argument in a
rational and reasonable way requires a high-level of understanding of content knowledge (internalization)
and a high-level of cognitive processing (externalization-argumentative skills) (Archila 2015; Archila et al.
2018). Second, Jiménez-Aleixandre (2007) and Muller Mirza (2015) have observed that argumentative
interaction is a concrete opportunity for the active participation of the students in meaning-making
processes. And third, Archila (2015, 2018), Baker (2009), and Jiménez-Aleixandre and Puig (2012),
maintain that exchanging and/or co-constructing arguments implies the evaluation of arguments—a skill
required to reflect critically on the meaning that is being constructed.

e three main ideas presented in the above paragraphs can be summarized as: (1) online learning has
been adopted worldwide to face the Covid-19 pandemic (Zhu and Liu 2020); (2) active learning is a
key aspect of a desirable online learning environment (Salmon 2013), and (3) argumentative interaction
is a form of active learning (Archila et al. 2018, 2020, 2021a; Baker 2009; Jiménez-Aleixandre 2007;
Muller Mirza 2015). Nonetheless, Archila et al. (2020) note that university courses rarely involve
undergraduates in argumentative interaction. e use of OIFA in online lecturing to provide students
with explicit opportunities to participate in instructor-student argumentative interaction is an under-
researched possibility in science education. Cowie (2012) states that an assessment is formative when
the assessment information (e.g., exam responses, students’ presentations, written productions) are used
to improve teaching and learning. She also highlights the key role of instructor-student and student-
student interaction in formative assessment practice. ere is broad agreement among researchers that useful
feedback is at the heart of formative assessment (e.g., Cowie 2012; Duss 2020; Rached and Grangeat 2021).
Feedback can be preplanned—formal formative assessment—(Holmeier et al. 2018; Yin et al. 2014) and/
or take place during the course of events—informal formative assessment—(Archila et al. 2018; Rached
and Grangeat 2021). Whatever the type of formative assessment (formal or informal), scholars argue that
fostering genuine and meaningful formative assessment practices in university education is an issue that
deserves more attention (e.g., Cosi et al. 2020; Duss 2020).

The OIFA-based pedagogical strategy

In this section, we explain how online leaning, active learning, argumentative interaction, and informal
formative assessment were integrated within our OIFA-based pedagogical strategy (Fig. 1).
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FIGURE 1
e four stages of our OIFA-based pedagogical strategy.

is strategy consists of four stages. Each of these stages is equally relevant as the next because each has a
specific objective to provide students with opportunities to engage in online argumentative interaction. e
first stage deals with the selection of the assessment data (Cowie 2012). In this stage, the instructor carefully
selects the assessment data (e.g., exam responses, students’ presentations, written productions) that s/he
considers more relevant to discuss in depth with the students. e second stage involves making an individual
decision. In this stage and as an active part of the lecture, each student is asked to make an individual decision
(e.g., In your opinion, which answer in more rational and reasonable?) about the assessment data previously
selected by the instructor in Stage 1. e third stage of the OIFA-based pedagogical strategy focuses on online
student-student argumentative interaction. In this stage, the students discuss in small groups online the
decisions each made in Stage 2 individually and try to reach a consensus. is stage is an explicit and valuable
opportunity for students to evaluate, exchange and/or co-construct arguments. e fourth and last stage is
dedicated to online instructor-student argumentative interaction. Specifically, in a whole-class discussion,
the instructor listens online to those students who voluntarily communicate their agreed decision and uses
their opinions as a springboard to interact argumentatively online with them and provide useful feedback
to the whole class.

Method

Context and participants

e OIFA-based pedagogical strategy (Fig. 1) was implemented in a university science course called:
Quantitative Physiology I. We chose this course because of convenient access (Bryman 2016) as well as the
course characteristics. is is a large (90–110 students per semester) undergraduate course that is offered
every semester by the Department of Biomedical Engineering, at a prestigious private university in Bogotá,
Colombia. e Quantitative Physiology I course is delivered over a 16-week period and is comprised of
two lectures per week (75 min each) and a weekly 120 min laboratory practice. Due to the Covid-19 crisis,
the course became completely virtual, with online lectures, as well as completely redesigned laboratory
practices. Students have access to the course information, tools (e.g. audio and video recordings of the
lectures), and assignments through Blackboard Learn™, while Blackboard Collaborate™ and Zoom® are used
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for lectures. Two instructors (Instructor 1 and Instructor 2) alternate in giving the lectures. Instructor 1 is
an expert in Biology and Quantitative Physiology, while Instructor 2 is an expert in Anatomy and Medical
Physiology. ey participated in the construction of the pedagogical strategy and were wholly committed to
implementing it while virtual education remains necessary. ey introduced several changes in the online
lecture sessions for better implementation. To be precise, they allocated less time for content presentation
and more time for students to make an individual decision (Stage 2 in Fig. 1), as well as online student-student
argumentative interaction (Stage 3 in Fig. 1), and online instructor-student argumentative interaction (Stage
4 in Fig. 1).

In Colombia, it is expected that students will begin the five grades of their primary school education
when they are 6 years old. Aerwards, they continue with the four grades of middle-school education at
the age of 11. Following this, students begin the two grades of their high school education when they are
15 years old. us, in theory, it is expected that people begin their university education at the age of 17
(Ministerio de Educación Nacional 2008). In practice, Archila (2017, 2018) and Archila et al. (2021c) have
found students who were 16 years old enrolled in university courses. e reason for this is that these students
were only a few months away from their 17th birthday. With this in mind, the participants of this study
were 76 students (40 female and 36 male), aged 16 to 23 years-old (M = 18.1; SD = 1.19), enrolled in the
Quantitative Physiology I course. is research was approved by the University’s Ethics Committee. At the
beginning of the course, the aims of the investigation were explained to the participants and the kind of
online interactions they were expected to take part in. According to the ethical guidelines of the American
Psychological Association, informed consent was sought from the undergraduates and their parents (for
minors below 18 years old, the age of consent). Also, the participating students were told that their results
would only be used for the purposes of the investigation and that they would in no way influence their grades
in the course. Most importantly, participants were informed about the possibility they could stop taking part
in the research whenever they wanted. Participation was voluntary and it was made clear to students that
this was completely anonymous.

e OIFA-based pedagogical strategy in the Quantitative Physiology I course

e OIFA-based pedagogical strategy was implemented in the online lecture sessions of the Quantitative
Physiology I course. Every two weeks, participants answered a 10-item quiz (in total seven quizzes) about the
topics presented during this period (e.g., cell transport mechanisms, muscle anatomy, sensory physiology).
ey were given 30-min to answer each quiz. It is important to clarify that all the items were taken from
a confidential item (question) bank that is owned and held in copyright by a third party. For this reason,
regretfully, we are not allowed to give examples of these in this article. Participants’ answers to these items
were fundamental as they represented the assessment information (Cowie 2012). To be precise, it was from
this information that in Stage 1 (Fig. 1), the instructor selected two (in total 14 questions) of the ten items
(in total 70 questions), prioritizing those in which students had more trouble.

e day next aer the students had answered the 10-item quiz, at the beginning of the online lecture, they
were presented with a slide which displayed one of the two questions previously selected by the instructor.
As planned in the second stage of the strategy, participants were asked to make a decision about this
question individually (#5-min). e purpose of this stage is to give student a second opportunity to reflect
on the decision s/he made and organize her/his ideas before the small-group discussion. en, students were
engaged in online student-student argumentative interaction through discussion in small groups, in which
each group was asked to make a joint decision (7-12-min) (Stage 3 in Fig. 1). In the fourth stage, an online
whole class discussion was the scenario for online instructor-student argumentative interaction and useful
feedback (15-20-min). Aer this, Stages 2 (individual decision), 3 (online student-student argumentative
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interaction), and 4 (online instructor-student argumentative interaction) were repeated with the second
question previously selected by the instructor.

Data collection

Data were collected from Stage 4 of the OIFA-based pedagogical strategy (Fig. 1) for one reason: this stage
is the main scenario of instructor-student argumentative interaction which is the focus of our study. More
specifically, the online instructor-student argumentative interactions that took place during Weeks 2, 4, 6, 8,
10, 12, and 14 were audio recorded. Additionally, in the last session of the implementation of the pedagogical
strategy, and as a way of finding out about the opinion of the participating students about the use of OIFA
in online lecturing, and thus receive feedback for future improvements of our strategy, they were asked to
answer a 11-item online anonymous survey (Appendix). is instrument was based on previous intervention
surveys used by Archila et al. (2020, 2021a, 2021b) to find out about the level of contribution of interventions
focused on the promotion of argumentative interaction (items 1, 5, and 6) and receive undergraduates’
feedback (items 2, 3, 4, 7, 8, 9, 10, and 11).

Data analysis

To answer our RQ1, “To what extent does the OIFA-based pedagogical strategy provide students
with explicit opportunities to participate in instructor-student argumentative interaction during online
lecturing?”, we used the qualitative data analysis soware Transana® (Rush 2019) to transcribe and code
audio-recordings of the episodes in which the instructor-student argumentative interaction took place. Table
1 shows the five codes used. e coding was conducted independently by three coders. e Fleiss’s kappa
(Fleiss 1971) was calculated to assess the inter-coder reliability of this coding which was based on a single yes-
no coding method. is method was used since the inter-coder reliability involved more than two coders.
Fleiss’s kappa calculated was 0.687 (SΚ = 0.098; Z = 7.023; p < 10−3) for Week 2; 0.712 (SΚ = 0.151; Z
= 4.714; p < 10−3) for Week 4; 1.000 (SΚ = 0.153; Z = 6.529; p < 10−3) for Week 6; 0.860 (SΚ = 0.108;
Z = 7.978; p < 10−3) for Week 8; 0.845 (SΚ = 0.132; Z = 6.399; p < 10−3) for Week 10; 0.850 (SΚ =
0.108; Z = 7.835; p < 10−3) for Week 12; and 0.658 (SΚ = 0.077; Z = 8.577; p < 10−3) for Week 14. ese
values are greater than 0.61; this is considered a “substantial agreement” (Viera and Garrett 2005, p. 362).
A consensus was reached aer some discussion and further examination of the corpus. is coding was used
to calculate the percentage of the aspects of argumentation (Table 1) that were discussed by the class (not
by each student) in the seven feedback sessions.

Finally, to answer RQ2, “What is the opinion of the students about the use of OIFA in online lecturing?”,
the students’ responses to the 11-item online anonymous survey were analyzed using frequency counts
(Questions 1, 4, 5, and 6 in Appendix). Some answers to open-ended questions (Questions 2 and 3 in
Appendix) are commented on in the Results section. In addition, responses to Questions 7 to 11 (Appendix),
were placed on a rating scale range of frequency from Strongly Disagree (1) to Strongly Agree (5). e
Statistical Package for the Social Sciences (SPSS®) was used to conduct exploratory factor analysis. e
Kaiser–Meyer–Olkin value obtained was 0.88. Bartlett’s test of sphericity gave a value of 274.571 with p <
0.000. We decided to include all the five items in our analysis as they showed factor loadings between 0.77
and 0.90 (Mindrila 2017). It is important to point out that these results need to be treated with great caution
since Bryman (2016) insists that factor analysis should be conducted if the study includes “large numbers
of variables” (p. 691), which is not our case. Finally, the Cronbach’s alpha coefficient of these items was
calculated. e coefficient obtained was 0.92 which corresponds to an “excellent” (George and Mallery 2020,
p. 244) internal consistency.
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TABLE 1
Codes used in the coding data of the instructor-student argumentative interaction.

Results

Instructor-student argumentative interaction

Instructor-student argumentative interaction is a good opportunity for students to discuss various aspects of
argumentation, such as (counter) claim, (counter) arguments, and explicit reflection on the argumentation
process. Figure 2 shows the percentage of the aspects that were referred to by the class in the seven feedback
sessions (FS). “Claim” and “arguments” are the only two elements that were used by the students in all the
seven sessions. is indicates that undergraduates did not have much trouble in putting forward a claim and
developing arguments when interacting with their instructor in the feedback sessions. Clearly, this is a step
in the right direction, towards the promotion of argumentation in science education. An important reason
for this is that (1) claim and (2) arguments are widely recognized as two pillars of any argumentation process
(Erduran and Jiménez-Aleixandre 2007). A second step has to do with the presentation of counterclaims and
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counterarguments. Our results suggest that this is the step which should be more emphasized, since students
presented both counterclaim and counterarguments in only five out of the fourteen questions. As Namdar
and Namdar (2021) observe, this is a great challenge for the students since it requires them to go further than
an initial (and oen apparently rational and reasonable) argumentation and explore other possibilities that
result in the anticipation of counterclaims and counterarguments. Likewise, “go further” is a key opportunity
for students to move beyond their comfort zone: the mere production of claims and arguments.

Figure 2 also indicates that the percentage of the aspects that were discussed by the class varied across
the seven feedback sessions. is situation cannot be judged as a “good” or “bad” result. Here the crucial
point is that students made use of (counter) claim, (counter) arguments, and explicit reflection on the
argumentation process during instructor-student argumentative interaction. is occurred particularly in
FS1:W2:Q1, FS4:W8:Q1, FS4:W8:Q2, FS7:W14:Q1, and FS7:W14:Q2. In this sense, a bad results is
the fact that in Feedback session 5:Week 10:Question 1 (FS5:W10:Q1), 50% of the instructor-student
argumentative interaction focused on students’ claims while the other 50% was used to present students’
arguments. is is a bad result because the discussion of counterclaims and counterarguments did not take
place. In fact, explicit reflection did not occur at all. Fortunately, we found that this was not a recurrent
situation in our study. To be precise, Figure 2 shows that “explicit reflection on the argumentation process”
occurred in twelve out of the fourteen questions. It is therefore valuable to find that this demonstrates
that it is possible to move towards the transformation of instructor-centered traditional online lecturing
into student-centered scenarios, even in times of Covid-19. It is worth mentioning that instructor-student
argumentative interaction served as scenario to make this reflection explicit. In other words, having to
interact argumentatively with their instructor forced participants to explicitly reflect on their argumentation
process. is is a potential contribution of the study if we acknowledge that “nowadays, argument and debate
are virtually absent from university science education” (Archila et al. 2020, p. 647). erefore, and as a
response to our first research question, Figure 2 indicates that even though the OIFA-based pedagogical
strategy effectively provided undergraduates with explicit opportunities to participate in instructor-student
argumentative interaction during synchronous online lecturing, there is much work to be done to help
students to produce counterclaims and counterarguments.

FIGURE 2
Results of students’ argumentation during instructorstudent argumentative interaction FS

feedback session W week Q question Note Totals may not add to 100% because of rounding

Undergraduates’ opinion about the use of OIFA

Figures 3 and 4 display the students’ responses to Questions 1 to 6 of the 11-item survey. While it is
encouraging to know that 78% of the students who answered the survey had received instruction in
argumentation before taking the Quantitative Physiology I course (Q1 in Fig. 3), it should be mentioned
that more than half of the respondents (56%) never (18%) or infrequently (38%) had the opportunity to
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participate in online feedback sessions that involve small-group discussions in other university online courses
in times of Covid-19 (Q6 in Fig. 4). Likewise, we found that almost half of the students (44%) never (8%) or
infrequently (36%) had the opportunity to participate in online feedback sessions in other university online
courses (Q5 in Fig. 4). ese outcomes give us an idea of the importance of our OIFA as it provided students
with opportunities that they usually did not find in other courses.

FIGURE 3
Students’ responses to Questions 1 to 4 of the 11-item survey (N = 76)

FIGURE 4
Students’ responses to Questions 5 and 6 of the 11-item survey (N = 76).

Another key finding is that 18% of the respondents considered that the online discussions in small groups
were not useful for them (Q2 in Fig. 3). Some of their comments include the following: “It was difficult
to find somebody to start the discussion”, “this activity requires time”, “It is better to discuss with the
instructor”, and “I would like to have found more robust arguments from my partners”. Many students (87%)
mentioned they had sufficient time for discussing with their partners (Q4 in Fig. 3), and importantly, nearly
all the respondents (96%) reported that the online feedback provided by their instructor was useful for them
(Q3 in Fig. 3). Some of their reasons include: “It was useful that the instructor has provided us feedback
based on the conclusions we reached in the groups”, “thanks to this, I understood the reasons that supported
the answer to a question”, and “feedback helped me to go further the arguments discussed with my partners”.

Lastly, Table 2 shows the respondents’ average scores along with the standard deviations on questions
from 7 to 11 (Appendix). e maximum possible average score that could be scored for each item was
five. Outcomes show that the average scores varied between 4.17 and 4.47 with a mean of 4.31 which
corresponds to the “agree” choice. is leads us to assert that the students had favorable opinions about the
implementation of OIFA practices in the Quantitative Physiology I course.
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TABLE 2
Descriptive statistics of survey questions 7 to 11

Discussion and conclusions

Humanity is facing one of the most serious health crises in modern history. Covid-19 crisis has brought
about huge disruption and uncertainty to various aspects of everyday life (Archila et al. 2021c). is is
a pandemic that will be with us for a long time and its (positive and negative) effects in fields, such as
education, entertainment streaming and gaming, environment, online businesses, pharmaceutical industry,
tourism and hospitality, and video conferencing, are the subject of research (Colao et al. 2020; Mailizar
et al. 2020; Rapanta et al. 2020; Sintema 2020; Wen et al. 2021; Witze 2020; Yamin 2020). In the case
of educational practices, Zhu and Liu (2020) note, the Covid-19 pandemic “could represent a shi from
traditional, teacher-centered, and lecture-based activities towards more student-centered activities including
group activities, discussions, hands-on learning activities, and limited use of traditional lectures” (p. 697). e
lecture format adopted by many universities around the globe has been heavily criticized for perpetuating the
outmoded instructor-centered approach (Hoidn and Klemenčič 2021). Such an approach drastically limits
the opportunities students find to become engaged in instructor-student and student-student argumentative
interaction (Archila et al. 2018; 2020). It is very possible that in times of Covid-19, some instructors have
replaced synchronous face-to-face by synchronous online lectures.

For all the reasons just mentioned in the preceding paragraph, it makes sense to assert that this
study emerged as a response to the invitation by Mahmood (2021) and Sun et al. (2020) to assume
the Covid-19 crisis as an opportunity to switch from passive learning (instructor-centered learning) to
active learning (student-centered learning) in online learning environments. Here we provide evidence
that OIFA can be used to provide students with explicit opportunities to participate in online instructor-
student argumentative interaction. is is particularly important as Jiménez-Aleixandre and Brocos (2017)
invite us to assume the creation and implementation of argumentative interaction scenarios as a priority
for authentic and meaningful science education. In this regard, the outcomes suggest that students
effectively communicated a claim and developed arguments when they interacted argumentatively with their
instructor. However, students had trouble in communicating counterclaims and counterarguments. It is
not surprising because, as Namdar and Namdar (2021) explain, students tend to ignore counterclaims and
counterarguments, using only arguments related to their own views. Naturally, the situation becomes more
complicated because science instructors rarely include activities such as “debate, valuing different positions
and getting students to anticipate in counterarguments” (Erduran et al. 2020, p. 12) in their courses.

Having demonstrated that the OIFA-based pedagogical strategy provided students with explicit
opportunities to participate in instructor-student argumentative interaction during online lecturing, it is
worth mentioning that this type of interaction served as a platform for the discussion of (counter) claims
and (counter) arguments in different measures. is is in line with the idea that a productive argumentative
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interaction is that in which students find opportunities to experience the production of multiple elements
of argumentation and reflect on such production (Baker 2009). Our results further demonstrate that
this production is much more likely to occur if students are given explicit opportunities to interact
argumentatively with their instructor. A less evident point but perhaps one that is even more important is
that instructors should be given more explicit opportunities to interact argumentatively with their students
(Wieman 2017). As instructors are fundamental for the cultivation of argumentation skills, the use of
instructor-student argumentative interaction activities could prove to be advantageous for students, as well
as for the instructors themself.

ese results contribute to the research literature in university science education. To be precise, our
contribution is that here we provide research evidence in response to the increasing calls for the need to
offer students a genuine educational experience beyond just lectures which are usually found in courses even
before this pandemic (Wieman 2017). Additionally, the findings of this study extend those found by Archila
et al. (2018) who dealt with (1) instructor’s selection of assessment data (Stage 1 in Fig. 1), (2) students’
make of individual decisions (Stage 2 in Fig. 1), and (3) student-student argumentative interaction (Stage
3 in Fig. 1) as pragmatic and effective stages before (4) instructor-student argumentative interaction (Stage
4 in Fig. 1) as part of face-to-face informal formative assessment practices. Clearly, this extension is related
to the fact that we provide evidence from an online (not face-to-face) science course. Moreover, the findings
of our study reinforce Erduran’s (2020b) claim that “the pandemic context has reiterated the importance of
promoting students’ understanding of uncertainty in science, acquisition of critical thinking skills, as well as
the ability to engage in argumentation and problem-solving” (p. 488).

Rapanta et al. (2020) remind us that “the Covid-19 pandemic has raised significant challenges for the
higher education community worldwide. A particular challenge has been the urgent and unexpected request
for previously face-to-face university courses to be taught online” (p. 923). With this in mind, it is plausible
to suggest that although our results were obtained amidst this pandemic, they transcend it. e reason for
this is that university online science courses continue and will continue to be a strategic alternative for higher
education institutions in the post-pandemic era. us, the results lead us to conclude that OIFA can be
an educational resource for online lecturing to large groups. In particular, our findings are relevant for two
reasons. First, Cosi et al. (2020) and Duss (2020) insist that more attention should be given to the promotion
of genuine and meaningful formative assessment practices in university education. Second, almost half of the
participating students reported that they never or infrequently had the opportunity to participate in online
feedback sessions in other university online courses. is is something that concerns as Mizokami (2018)
associates the one-way transmission of knowledge in lecture-style classes to passive learning, and student
engagement in activities such as writing and discussion to active learning. He also stresses the importance
of externalizing cognitive processes in these activities. In our case, this occurred when students explicitly
reflected on their argumentation process. erefore, our outcomes add empirical evidence to the claim that
argumentative interaction is a form of active learning (Archila et al. 2018; 2020, 2021a; Baker 2009; Jiménez-
Aleixandre 2007; Muller Mirza 2015).

Finally, it is reasonable to say that the online feedback sessions provided an opportunity for the
participating students to interact argumentatively with their instructor; who used this interaction as a
platform to give them useful feedback —the heart of formative assessment— (Cowie 2012; Duss 2020;
Rached and Grangeat 2021). omas and Rogers (2020) maintain that due to the Covid-19 crisis “many
countries in the world are now participants in the biggest unplanned experiment that education has ever
seen” (p. 89). For example, this crisis has led higher education institutions to rethink the educational practices
they wish to implement for their students in the post-pandemic era. Hence, the empirical study reported in
this article provides a useful and original basis for the creation, implementation, and evaluation of pragmatic,
effective, and realistic actions in giving students opportunities to participate in OIFA scenarios which engage
them in deep active learning through argumentative interaction.
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Limitations and further research

We acknowledge that the present study has several important limitations. First, we only focused our
analysis on instructor-student argumentative interaction. Arguably, examining student-student interaction
would be crucial to have a complete understanding of the effects of the OIFA-based pedagogical strategy
on opportunities to develop genuine educational practices. Second, examples of the questions selected
by the instructor were not included in this article. is limited the possibility to illustrate in a deeper
manner how the instructor-student argumentative interactions occurred. ird, we adopted a qualitative
and dichotomous approach in the analysis of instructor-student interaction. It would be interesting to
explore such interactions from a quantitative perspective, estimating the percentage of (counter) claims,
(counter) arguments produced by each student, week-by-week, and determining the percentage of students
who developed a desirable argumentation process. Our intention was only to provide evidence that OIFA
can be used to provide undergraduates with explicit opportunities to participate in instructor-student
argumentative interaction. Accordingly, here we only provide a general view of the percentage of the aspects
of argumentation that were produced by the class (not by each student) in the seven feedback sessions. And
fourth, the reduced number of items in our intervention feedback survey did not allow us to conduct a more
rigorous validation process. Hence, caution needs to be taken regarding the generalizability of our outcomes.

Future research is needed to elucidate how to effectively adapt the OIFA-based pedagogical strategy to
university online asynchronous science courses. Moreover, future studies might examine the role of student-
student argumentative interaction in the co-construction of divergent thinking habits that allow students
to students anticipate counterarguments. Furthermore, it would be important to carry out more research
focusing particularly on university online science courses, online lecturing to large groups, OIFA, and
argumentative interaction in other countries. is would help validate the present study’s results, in turn
contributing to enhancing educational practices. Most importantly, future studies should be guided by the
claim that more efforts and resources should be invested in changing the traditional lecture format since
“research has established that people do not develop true understanding of a complex subject such as science
by listening passively to explanations” (Wieman 2017, p. 9).

Supplementary materials

Appendix: Survey (pdf)
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