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Abstract

:

In many studies, the focus has been on students’ written scientific argumentation rather than on their spoken argumentation. The main aim of this study was to relate the quality of spoken argumentation to groups’ learning achievement during a collaborative inquiry task. The data included video recordings of six groups of three upper secondary students performing a collaborative inquiry task in a virtual learning environment. The target groups were selected from a larger sample of 39 groups based on their group outcome: two low, two average, and two high-outcome groups. The analysis focused on argumentation chains during the students’ discussions in the planning, experimentation, and conclusion phases of the inquiry task. The core of the coding scheme was based on Toulmin’s levels of argumentation. The results revealed differences between the different groups of students, with the high-performing groups having more argumentation than the average and low-performing groups. In high-performing groups, the students asked topic-related questions more frequently, which started the argumentative discussion. Meanwhile, there were few questions in the low-performing groups, and most did not lead to discussion. An evaluation scheme for the quality of the arguments was created and the spoken argumentation was analyzed using a computer-based program. The results may be used to benefit subject teacher education and to raise teachers’ awareness of their students’ scientific, topic-related discussions.
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1. Introduction


Argumentation is part of the critical discourse through the natural sciences process [1]. Competency in argumentation is a crucial component of scientific literacy and is a central goal of science education [2,3]. In science education, argumentation involves understanding texts, analyzing and evaluating critical material, and generating hypotheses [4]. It also includes the ability to process and discuss educational topics [5]. Argumentation in science education has been shown to support the development of higher order and critical thinking, enculturation in scientific culture, engagement in science learning, as well as learning the core contents of science [6,7].



Argumentation is a basic skill in scientific literacy [2]. In school, goal-based guided assignments, social activities, and argumentative discussion have been shown to enhance higher-order thinking skills [8]. Further, when given an active role to produce knowledge based on their own ideas [9], students have demonstrated scientifically oriented productive disciplinary engagement (PDE) instead of classroom-like PDE [10].



Several studies have focused on the analysis of argumentative discourse in various educational contexts [6,11,12,13,14]. Typically, in these earlier studies, the students were instructed to argue and were given instructions for argumentation. The present study focuses on students’ spontaneous discourse in learning and thus presents a fresh view on the nature of students’ argumentation in real-life collaborative learning, where it arouses and is enacted by the features of the learning environment, the adopted role of students, and the need to achieve a common goal. As far as we know, there are no studies concerning these issues, and a novel analysis method is introduced here specifically for this kind of argumentation. In preliminary studies, it has been found that students’ argumentative interdisciplinary discussions occurred spontaneously in the context of collaboratively generating hypotheses and study plans and that the students were able to integrate biological and chemical concepts when studying a virtual environment, which was a thoroughly new working environment for the students [15]. The students were also able to independently transfer their knowledge learned in the virtual environment [16].



1.1. Argumentation in Science


Argumentation can be spoken or written [17]. There is also a difference between spontaneous and scientific argumentation. Scientific argumentation refers to a person’s ability to support or criticize an idea, explanation, or conclusion based on values and criteria supported by the scientific community [18]. According to Duschl and Osborne [7], scientific argumentation is a method and process of reasoning in which the argument aims to guarantee the correctness of the presented claim [19]. Argumentation is also a way to convince the listener of the issue at hand and its implications. According to Belland et al. [20], argumentation involves drawing conclusions through logical scientific reasoning and is based on the use of key concepts [6].



Argumentation plays an important role in natural sciences because it is commonly used to present, support, refine, and evaluate scientific knowledge. It is about making conclusions with the help of logical reasoning [20]. To support the argument, evidence is presented, and this evidence is thoroughly tested [21]. Argumentation in science education [22] can have a positive impact on at least five educational areas, including motivation, content learning, general argument skills, specific argumentation skills, and knowledge building practices. In general, there are two theoretical frameworks for the benefits of argumentation, the first being a cognitive account and the second a sociocultural account [13,23]. A cognitive account focuses on individual learning and accounts for learning in terms of improved individual representations. A sociocultural account treats learning through argumentation as the adoption of social practices.



The benefits of argumentation demonstrated in earlier studies include the following:




	
It can enhance motivation. A possible reason for this is that students have more autonomy over what they say in argumentation-based discussions than in traditional teacher-led situations, where teachers limit students to answering their several questions [24].



	
It may simply offer more interaction with peers, which in itself can be very motivating [25].



	
Students’ engagement in argumentation allows them to become aware of their peers’ ideas and in this way to become interested in which of the ideas are the most defensible ones [26].



	
It can support content learning in several ways, such as engaging in explicit elaborative processing (e.g., explanation, which is known to promote learning) and modification of ideas. When engaging in argumentation, students engage in a variety of explicit elaborative processes [23] or receive learning support from others. In the process of argumentation, students learn from their peers or give them reasons to believe. This is because the process of providing evidence for claims can give learners not only a better understanding of the ideas they are learning but also more reason to believe the claims they are developing [27].



	
It can improve general argumentation skills, specific argumentation skills, and knowledge building practices. This benefit is explained by students engaging in argumentation and therefore learning to argue and evaluate arguments better [28].








Argumentation is also one of the fundamental aspects of productive disciplinary engagement (PDE), which has been one of the key starting points in this study. In this study, “PDE is assumed to occur when learners use the language, concepts, and practices of the discipline in authentic tasks to ‘get somewhere’ (e.g., develop a product or improve a process) over time” [29]. The part of this definition concerning discipline-related language or reasoning to accomplish a task connects argumentation tightly to the structure of PDE. Engle and Conant [30] explained the term PDE by saying that students’ engagement is productive to the extent that they make intellectual progress. They attempted to foster PDE by introducing a special FCL (Fostering Culture of Learners) case in which discourse and argumentative discussions are basic principles. In their FCL case, discourse involves a dialogic base, shared discourse, common knowledge, mutual appropriation, as well as seeding, migration, and appropriation of ideas. The guiding principles for this particular stage of the FCL case are problematizing, resources, and accountability to others, authorities, and contributors. Engle and Conant [30] discovered that the students’ arguments for their claims became increasingly sophisticated over time, and their discussion gave rise to new questions. Furthermore, to learn the basics of any of the natural sciences students need to understand how scientific arguments and knowledge can help to solve problems in society [31]. One way of seeing scientific argumentation is the notion that argumentation sets the standards for accountability, which relates to PDE [32]. Thus, argumentation can be seen as a distribution of authority and accountability across the discussion. Ong, Duschl, and Plummer [33] viewed scientific argumentation as an epistemic practice benefitting from the PDE-critique and construction (PDE-CC) model. Their results showed that students’ critique skills in the science classroom were improved using this approach.




1.2. Theoretical Frameworks to Analyze Argumentation and Argument Quality


Toulmin’s [34] perspective on argumentation has had a substantial effect on science education research. In his framework, Toulmin distinguished between the idealized notions of logical-formal arguments as used in mathematics and the use of arguments in linguistic contexts. Thus, this model has been used to evaluate the quality of reasoning behind the argumentation. Toulmin’s argument framework suggests that the statements that form an argument have different functions that can be classified into one of six categories: claims, data, warrants (main categories independent of the field of science), backings, qualifiers, and rebuttals (optional categories). Thus, claims are assertions supported by data, and they can either be the conclusion of the argument chain or the basis for accepting a claim. Claims answer to four questions—is the phenomenon existing or not, what is it, what is its value and what should be done with it. Data are the foundations for those claims, the material, fact, or opinion that can be called evidence. Without data, the claim would not have any informative part where the discussion could start. Warrants are comments that are used to justify why data are relevant to the claim, and the strength of a warrant is indicated by the inclusion of a modal qualifier. The warrant is the part of an argument that allows the transition from claim to data or controversially from data to conclusion. Thus, it is an intermediator between the claim and accepted data. The backings of an argument are the comments that are used to establish the general conditions that strengthen the accessibility of the warrants so that the connection between the data and the claims will not be questioned. A rebuttal indicates the circumstances in which the warrant is set aside [34]. The rebuttal is a way to contradict other evidence.



The main focus thus far of research involving Toulmin’s [34] argument pattern in science education contexts has been on structural issues. The model has provided a great deal of insight into the ways students structure an argument and the nature of the justification they use to support their ideas. One complication encountered by researchers in applying Toulmin’s framework involves reliably distinguishing between claims, data, warrants, and backings because the comments made by students can often be classified into multiple categories. This is also the main reason why the model has been simplified in this study. The other reason is the fact that, although the student argument would be considered relatively strong structurally according to most Toulmin-based frameworks, the content may be inaccurate from a scientific perspective. To be more precise, all that matters in Toulmin’s model is the presence or absence of data, warrants, and backings, not their accuracy or relevance. To sum up, this framework must be supplemented with other measures since it is not accurate enough from a scientific perspective and does not take the sense of an argument as a whole into account.



Kolstø [35] interviewed students to better understand their informal reasoning on controversial socio-scientific issues. The students presented the following five types of arguments: the relative risk argument, the precautionary argument, the uncertainty argument, the small risk argument, and the pros and cons argument concerning their decision-making and the interplay between knowledge and personal values. The interviews with the students were also video recorded, which gave the researchers the ability to analyze the pattern of decision-making. In earlier studies on argumentation, it has been found that teachers’ argumentative support during science lessons leads to improvement in students’ argumentative skills [36]. Science education is seen as a combination of cognitive, social, and emotional phenomena, of which argumentation systems often exclude the latter two phenomena [37]. In the present study, the argumentation coding category attempts to account for socio-emotional aspects as well. When analyzing studies using video-taped material, it has been found that claims, rebuttals, and justifications are the critical features for developing and evaluating argumentation in classroom situations [36]. With younger students, it has been found that in video-taped sessions only one pair typically engages with the socio-scientific topic during the science lesson [38]. Furthermore, it was shown that a socio-scientific topic on its own does not lead to engagement in argumentation. In another study setting, groups of three students prepared a report for other students as part of a video-taped peer review practice, and it was demonstrated that students’ argumentation skills were improved as a result of this argumentative cycle [39].




1.3. Argumentation and Virtual Learning Environment in Connection to PDE


Researchers in science education have highlighted numerous deficiencies in students’ scientific argumentation [40] as well as difficulties teachers encounter in attempting to organize productive classroom-type argumentation [41]. Sandoval et al. [32] studied spoken argumentation in a classroom endeavor to achieve productive argumentation among the whole class, where small groups of students tried to interpret and explain some activities of their own. According to the authors [23], argumentation requires changes in students’ mindsets and conceptions related to classroom practices, such as sharing their thinking and engaging with each other’s ideas productively and with accountability. Sandoval et al. [32] also used video records when analyzing teacher-led whole-class discussions at the elementary school level. They determined segments and episodes of arguments and focused on arguments arising from any aspect of science activity. In this way, they followed Manz’s [42] idea that argumentation is part of the activity of knowledge production, in which disagreements may naturally arise and must be resolved. Teacher utterances in each argument episode were coded in terms of their function in the discourse. In the study, Sandoval et al.’s [32] focus was on how teacher talk promotes student argumentation.



The present study follows the idea that argumentation requires shifting discourse practices in classroom culture but differs in that the key person who is responsible for the specific argumentative culture is not the teacher; rather, the responsibility lies with the students in the small groups. Due to changes in classroom activities, the argumentation occurs in the small groups’ discussions, and in virtual learning environments teachers only share the students’ learning processes as a guide if needed. To the best of our knowledge, there is no research similar to the present study using videotaped research material in connection to spontaneous group argumentation in a virtual learning environment, and a new coding system (on-task and off-task coding) has been developed to study spontaneous argumentation in upper secondary school.



Originally, the virtual learning environment was developed to facilitate student group learning, and it enables a large amount of study data to be shared and used [43], for example, real research data. Two virtual learning environments for secondary school purposes have been introduced to educate experimental marine scientists about ocean acidification [44], as well as integrative biology and chemistry in connection to the Baltic Sea and its environmental threats [45] (Virtual Baltic Sea Explorer, ViBSE). These web-based learning environments were designed to offer realistic content for learning key science concepts and content, and they both include an introductory part and a laboratory to do experiments. The ViBSE-laboratory is based on real data collected by marine scientists and on data that have been published in scientific peer-reviewed journals. Both of these virtual learning environments support students’ PDE in science learning [29].




1.4. Research Questions


The aim of the study was to analyze the quality and quantity of students’ spoken argumentation in interdisciplinary science. This aim is related to groups’ learning achievement during a collaborative inquiry task and relates to understanding the influence of argumentation on the group’s joint learning achievement. Argumentation has been shown to support the development of higher-order and critical thinking, enculturation in scientific culture, and engagement in science learning [6,7,46]. In addition, argumentation fosters learning of the core contents of science tasks during interdisciplinary science lessons. Here, a novel coding scheme was developed to analyze the amount, quality, and quantity of spoken argumentation. The coding scheme was introduced for the three phases (planning, experimenting, and conclusion) concerning students’ group argumentation. Four research questions with expectations were generated:




	
How is the duration of verbal communication, on-topic talk, and argumentative discussion related to the quality of group outcomes of a collaborative inquiry task?




	
Expectation: Time spent on a certain step of collaborative inquiry creates a situation where students have more interactions with each other and become more interested in their peers’ ideas, which ultimately leads to better group performance [47]. Thus, the groups that use a bigger proportion of their time on argumentation are expected to have higher quality outcomes.








	
How is the amount of argumentation related to the quality of group outcomes of a collaborative inquiry task?




	
Expectation: Previous research (e.g., [48]) has shown that students in collaborative conditions enforced with argumentation should perform better in application problems. Thus, more frequent use of argumentation should lead to higher quality outcomes.








	
How is the quality of the argumentation related to the quality of group outcomes of a collaborative inquiry task?




	
Expectation: Student groups using argumentation in which the claims fit well with the theory and strong evidence is provided should have higher quality outcomes.








	
How do the amount and quality of argumentation change during the three argumentative phases (planning, experimenting, and conclusion) of a collaborative inquiry task?




	
Expectation: The longer the students discuss and share ideas on a certain topic, the more equal they become in terms of outcome quality. Therefore, the quality of the outcomes should be higher for student groups in which all members participated in the discussion [49]. Thus, the phases that include the most argumentative discussion should have the highest quality of argumentation.















2. Materials and Methods


2.1. Group Argumentation as Part of the Study Design


As described above, while the argumentation frameworks diverge regarding the numbers and types of structural components, many of them agree on the structure of an argument as a pair of claims and justification. Thus, in this study argumentation is also seen as a chain from a claim through observation and evidence to the interpretation of the claim. Accordingly, we attempted to achieve a balance between the different approaches in our model. Moreover, the material consists of videotapes, and thus spoken argumentation instead of written arguments, which also had to be taken into account. The argumentation model is emphasized in more depth in this section. In this study, argumentation is defined as a way that students reach a common understanding about a certain scientific topic.



Much of the earlier research on argumentation has focused on written arguments or arguments constructed by a single speaker [34]. Therefore, the focus has usually been on the evidence and reasons with which writers or speakers support their claims [50] rather than on the collaborative nature of argumentation. This so-called collaborative argumentation refers to an interchange of statements, questions, or replies in a dialogue involving two or more participants [19]. Participants in this kind of dialogue usually make claims and support them with reasons. The participants may disagree and try to resolve this disagreement, but not necessarily. Therefore, in this study students’ argumentation was analyzed using video data. It is also more appropriate to discuss collaborative argumentation dialogue in which the participants do not disagree with each other [50]. For example, students may collaboratively develop reasons to support a scientific explanation that all can agree with, or they may collaborate to use evidence to develop and refine their scientific explanation. Evidence is also naturally used in this situation to support their developing ideas. Thus, there is collaborative argumentation because the students are jointly participating in the construction of arguments.




2.2. Participants, Group Activities, and Learning Context


Students (n = 120) comprising 39 groups from three upper secondary schools participated, and six groups with a total of 18 students (4 boys and 14 girls) were ultimately chosen for this study. The goal of this study was to carry out systematic, in-depth analysis of spoken argumentation and its relation to collaborative learning outcomes. The main criterion for selection of the groups was that they had differing science outcomes (two high, two average, and two low achieving groups). Additional inclusion criteria were: (a) How intact the groups remained over the whole activity, that is, over three different lessons; and (b) that the quality of the video data was sufficiently high to allow reliable analysis. In authentic educational circumstances, only the “best possible” option could be used, which meant that in one group one member was absent from the final session. Data collection was carried out during biology and chemistry lessons. This included a biology specialization, biology compulsory, and chemistry compulsory course, and they were all arranged according to the Finnish national core curriculum. All their activities for this study involved performing experiments in the way scientists typically conduct them.



The students studied in pairs or groups of three in the virtual laboratory (Virtual Baltic Sea Explorer, ViBSE, built in the dominant science language, i.e., English) [45,51], on a shared laptop. In these student groups, different learners were mixed in collaboration with the teachers to diminish the individual differences. They had to carry out a virtual experiment on the effects of pH on copepods in the Baltic Sea’s food chain. ViBSE was a platform installed on students’ laptops, consisting of a library explaining the structure of the research and a scientific background of the phenomena, photos, interviews with the crew and researchers of the real research vessel Aranda, laboratory tasks, and links to external web pages providing real-time data of the Baltic Sea. This virtual exploration acquainted the students with the way real scientists conduct research. The software emphasized hypotheses formation, the experimental phase, and interpreting the results. All of the experiments were based on studies by real marine biologists [52,53]. After completing the experiment, the students were asked to prepare a PowerPoint presentation including the research plan, results, and conclusions, which was considered the outcome of collaborative learning. Thus, the collaborative inquiry project had three distinct argumentative phases: first, planning; second, experimenting; and third, drawing conclusions and reporting the results. In the beginning of the ViBSE studies, the teachers were encouraged to promote student groups’ scientific argumentation, but no explicit guidelines were given to the teachers.



The virtual laboratory task was designed to foster argumentation. In planning and generating their written study and experimental plans, students had to discuss topics that they were not familiar with before the lessons as well as to decide on several key points of the experiment. The teachers intervened and provided help only if the project was not progressing properly and the group was having difficulty in a certain phase of the virtual study.



Two qualified science professionals in biology and chemistry evaluated the overall quality of the groups’ PowerPoint presentations, taking into account the students’ written research plan, hypotheses, understanding of the task and presentation structure, actual presentation, conclusions, and quality of the scientific language used in the presentation. To ensure reliability and quality of outcome assessment, established assessment criteria [54] were used to categorize presentations into six levels (graded from 1 to 6). According to the assessments, the student groups were divided into high-, average-, and low-performing groups (high = grades 5–6, average = grades = 4–3, and low = grades 2–1). From each level of performance, videos of two groups were selected for closer analysis in this study. All the selected groups consisted of three students.



As part of the study courses, the actual virtual learning environment portion was conducted in three to five lessons. The one upper secondary school with the biology specialization course was able to spend five lessons on this study due to the advanced-level nature of the course, but other schools could use only three lessons. However, the student experiments and data collection were designed so that the students’ experiments could be carried out in either three or five lessons. This spontaneous argumentation was captured on video, and the three phases of the Virtual Baltic Sea Explorer lessons were then analyzed.




2.3. Video Analysis and Argumentation Coding


The video analysis proceeded so that three distinct, meaningful, and self-contained interaction segments (approximately 10–16 min) were selected from each of the six groups. Criteria for the selection were that the chosen segments were crucial for task performance and completion, demanded student collaboration, and were representative for all three phases. Therefore, a science expert selected the video segments from the same steps of each phase of the study to ensure their comparability with each other. Videos were first edited using “MovieMaker” software. Subsequently, videos were added into the Observer XT 12 software program as new observations. As the analysis was focused on verbal communication between the students, the first stage of the analysis involved differentiating the verbal communication from the non-verbal communication. Instances of verbal communication were marked as “verbal”, and the silent parts were marked as “non-verbal”. The whole video was coded this way from beginning to end. After this categorization, the parts of the video with verbal communication were analyzed further. Thus, one verbal comment is regarded as one turn, which is then coded according to the coding scheme.



The second stage of analysis involved distinguishing argumentation from other verbal communication. Each instance of communication was categorized as “off-task”, “on-task non-argumentative”, or “on-task argumentative”. The “off-task” category contained student discussions of issues that were totally irrelevant to the topic at hand. For example, students discussed why the roof of a house across the street was red or what they had done on the weekend. The “on-task non-argumentative” category consisted of students’ dialogues that concentrated on scientific content and the task but without scientific argumentation. For example, students talked about how to prepare a presentation, how to cut and paste a picture, or where to save their materials. The instances of verbal communication categorized as “on-task argumentative” were chosen for closer analysis. All of these codes were mutually exclusive, meaning that the codes could not occur at the same time. In practice, inserting a new code automatically ended the previous one.



The third stage involved analyzing on-task argumentative verbal communication, and the initial evaluation scheme was based on Toulmin’s argumentation theory [34]. The main components of Toulmin’s model were data (the facts students appeal to in support of their claim), claims (conclusions whose merits are to be established), warrants (the reasons justifying the connections between the data and the knowledge), and backing (basic assumptions that are commonly agreed upon). These categories were modified in the direction of the framework illustrating the components of a scientific argument presented by Sampson and Schleigh [55]. The framework places emphasis on the nature of the evidence and the claim and also on the interpretation of the data and the analysis method. The depth of this model was sufficient in this context of spontaneous, spoken argumentation. Additionally, these categories are in line with the three phases of the task the students carried out.



During the initial analysis of the students’ spontaneous on-task argumentation, it was noticed that the chains of argumentation usually began with a question, which often included a claim. Then, the argumentation continued with one or more observations, which provided evidence or offered an interpretation linking the claim or evidence to the theory. Thus, three data- and theory-driven components of spontaneous verbal argumentation were recognized: questions (Q), observations (O), and interpretations (I).



The quality of argumentation in each of these components was evaluated based on the nature and function of the argumentation. The quality of argumentation in “questions” was evaluated based on how well the claim included in the question fit the theory as well as on whether or not it led to the continuation of the argumentative chain. Instances of communication categorized as “observations” were evaluated based on how strong and relevant the evidence was as well as whether or not it led to the continuation of the argumentative chain. “Interpretations” were analyzed based on how strong and relevant the link to theory was as well as on whether or not it led to the continuation of the argumentative chain. The indicators of quality level in each category of argumentation and examples from the students’ verbal communications are presented in Table 1.



Using this final framework of analysis, the videos were coded by the first author, and parallel coding was done by another science teacher with pedagogical competence. The percentage agreement of the coding was 81%, and the Cohen’s kappa was 0.713. Thus, the inter-rater agreement can be considered substantial [56]. Differences in analysis were discussed until a common agreement was achieved.



Cross-tabulations and chi-square tests were performed to investigate the significance of the differences between groups with different outcomes and between the phases of task. Statistical significance and effect size are reported using p-value as well as Phi coefficient for 2 × 2 cross tables and Cramer’s V coefficient for larger tables. It should be noted that the effect size is context-dependent and external criteria for effect size values should be interpreted more as guidelines than hard-set rules [57]. For example, it has been suggested that when degrees of freedom is 2, a value of Cramer’s V within the range of 0.07–0.21 indicates only a small effect, but in the context of this data, much smaller differences in the instances of communication might be statistically significant.





3. Results


3.1. The Duration of Verbal Communication, On-Topic Talk, and Argumentative Discussion in Relation to the Quality of the Group Outcome


In this study, the focus is on argumentative communication and comparisons between the groups (Figure 1). As expected, the amount and types of verbal communications in the low-, average-, and high-outcome groups, two of each, differed from each other. In the low-outcome groups, a large portion of the discussion was non-argumentative in nature. In contrast, the high-outcome groups had more argumentative talk during the collaborative group work than the average- and low-outcome groups. Although the average quantity of verbal communication was lowest for one of the average-outcome groups, these groups had considerably more argumentative discussion than the low-outcome groups.




3.2. The Amount of Argumentation in Relation to the Quality of the Outcome of the Collaborative Inquiry Task


Altogether, 6768 instances of verbal communication were analyzed. Of these instances, 1348 (19.9%) were categorized as “on-task argumentative”. The proportion of argumentative instances of verbal communication was lowest for the low-outcome groups (Table 2). There was a significantly lower proportion of on-task argumentation in the low-outcome groups than in the average- and high-outcome groups (χ2 (1, N = 6768) = 93.8, p < 0.00001, Phi = 0.12). There was no statistical difference between the average- and high-outcome groups (χ2 (1, N = 4432) = 0.094, p = 0.759).



The frequencies of on-task argumentative instances categorized as “questions”, “observations”, and “interpretations” are presented in Table 3. Compared to the average- and high-outcome groups, the low-outcome groups had a significantly lower proportion of instances categorized as questions (χ2 (1, N = 6768) = 30.24, p < 0.00001, Phi = 0.07) and observations (χ2 (1, N = 6768) = 44.98, p < 0.00001, Phi = 0.08). Again, there were no statistically significant differences between the average- and high-outcome groups, but it should be noted that the two high-outcome groups differed from each other (Table 2).



Compared to the high-outcome groups, all of these argumentative components were present in the average-outcome groups but in lesser numbers. Particularly, the most qualified components (e.g., observation level 3 and interpretation level 3) were missing. Although they were not common, even in the high-outcome groups, they still could be found there. The low-outcome groups had few if any demonstrations of these average-outcome categories and were most commonly in the non-argumentative zone. Only a small portion of the topic-relevant discussion was argumentative, and the quantity of argumentation also seemed lesser compared to the average- and high-outcome groups Table 3.




3.3. The Quality of the Argumentation in Relation to the Quality of the Group Outcome in a Collaborative Inquiry Task


The quality of argumentation in each category was evaluated using three levels of quality (Figure 2). There was a significant relationship between the quality of the argumentation and the quality of the group outcome (χ2 (4, N = 1348) = 30.46, p < 0.00001, Cramer’s V = 0.11). As expected, student groups using argumentation in which the claims fit the theory well and where strong evidence was provided had higher-quality outcomes. The level of argumentation was highest in the high-outcome groups (see Table 1), although the difference with the average-outcome groups was not statistically significant (χ2 (2, N = 1034) = 1.333, p = 0.514, Cramer’s V = 0.04) (Table 4).



Deeper analysis of student discussion (Figure 2) revealed that the high-outcome groups asked more questions than their counterparts and had an urge to interpret their observations and link them to the theory (see examples in Table 1). Meanwhile, the low-outcome groups were poor at asking questions and thus at promoting argumentation within their group. This might also be the reason that the low-outcome groups had few if any questions of the highest quality. The average- and high-outcome groups made high-quality observations. There was a trend of increasing quantity of argumentative components from the low-outcome to high-outcome groups, but there were differences between the groups.




3.4. The Changes in the Amount and Quality of Argumentation during the Three Argumentative Phases (Planning, Experimenting, and Conclusion) of a Collaborative Inquiry Task


There was a significant relationship between the phase of the collaborative inquiry task and the amount of argumentation (χ2 (2, N = 6768) = 41.20, p < 0.00001, Cramer’s V = 0.08). The proportion of argumentation decreased in each consecutive phase (Table 5). There was also a significant relationship between the phase and the quality of argumentation (χ2 (4, N = 1348) = 43.31, p < 0.00001, Cramer’s V = 0.13) as well as between the phase and the components of argumentation (χ2 (4, N = 1348) = 20.72, p = 0.00036, Cramer’s V = 0.09).



The planning phase seemed to offer the best environment for rich argumentative and topic-centered discussion. It contained the highest proportion of verbal communication categorized as on-task argumentation (Table 5). The proportion of instances with level 2 and 3 argumentative quality was also significantly higher than during the other phases (χ2 (2, N = 1348) = 18.58, p = 0.000093, Cramer’s V = 0.12) (Table 6).



The proportion of argumentative instances of verbal communication during the experimenting phase was almost as high as during the planning phase. However, most of these instances were observations and questions (Table 7). The number of interpretations was lower during the experimenting phase than during the other phases. Compared with the other phases, the quality of argumentative instances was also significantly lower (χ2 (2, N = 1348) = 41.50, p < 0.00001, Cramer’s V = 0.18).



In theory, the conclusion phase could be a good phase for argumentative discussion, but the results showed that most groups just repeated the results they received from the software without much discussion. During the conclusion phase, the argumentation focused on interpretations, and the proportion of questions was lowest of all the phases (Table 7). The proportion of instances of on-task argumentation during this phase was significantly lower than during the planning and experimenting phases (χ2 (1, N = 6768) = 40.76, p < 0.00001, Phi = 0.08), but the quality of argumentation was nearly as high as during the planning phase (Table 5).



Some connections could also be seen between the differences in argumentation within each phase and the outcomes of the groups (Figure 2). This could be due to the different natures of the phases, as the second phase primarily involved carrying out the experiment and focused little on planning and interpreting the materials provided by the virtual laboratory, as was the case in the first and last phases. For example, the instances of argumentation for the second low-outcome group went down as the project proceeded, even though the instances and quality of argumentation were in line with the higher-outcome groups during the first step of the collaborative inquiry task. Although the downward trend in the quality of argumentation could be seen in the average- and high-outcome groups as well, the change was not nearly as sharp.





4. Discussion


The aim of this study was to analyze the quality and quantity of upper secondary school student groups’ spontaneous argumentative talk and to understand their relation to the groups’ joint learning outcomes during a collaborative interdisciplinary science learning inquiry task. This aim was achieved by creating a coding scheme to code spoken argumentation from video-taped material. Thus, the present study contributes to the current literature both conceptually and methodologically. The coding scheme implemented for this purpose contained the essential aspects of Toulmin’s [34] argumentative components: claim, observation, and interpretation. This decision was supported by the literature [36,38] and the goal to code argumentation fluently yet rigorously. The coding scheme worked in the sense that all the argumentative components were present in the findings and in students’ discussions. It also showed the differences between each working phase (e.g., generating a hypothesis or writing a study plan) in a clear way.



The main findings of this study were that there was a difference in the argumentative discussions of the low-, average-, and high-outcome groups, while the group rating was solely based on the outcome. This is supported by the literature, which has shown that longer and more intense student discussion on a topic leads to a deeper understanding and learning [47,48]. Additionally, when classroom activities change toward argumentation practices students can generate better learning outcomes [58], as found in the present study. The other important finding was the longer duration of argumentation in the high- and low-outcome groups and its relation to better outcomes. This finding is in line with previous research. Thus, a longer working phase helps students generate more elaborate arguments and interpretation based on scientific data [59]. This is also true for the duration of the intervention, which could have been longer in this study. Even so, the results are promising. In another similar study in which students needed to construct a representation individually, discuss the topic, and then write a representation together, the students who engaged in deep discussion and argumentation learned more than their counterparts who did not [60]. Notably, in that study the setting consisted of three phases (construction of a presentation, discussion on the topic, and consolidation), similar to the present study. In conclusion, at the end of this study a novel coding scheme was introduced for spoken spontaneous group argumentation in argumentative phases (question, observation, and interpretation).



Distinct differences in argumentation chains between variously performing groups of students were observed. The high-performing groups had high-end episodes more frequently and for longer times than the average- and low-performing groups. In the high-performing groups, the students also asked topic-related questions more frequently, which started the argumentative discussion, whereas in the weak-performing groups there were few questions asked, and most of them did not lead to a longer discussion, which could have been valuable in terms of the final product and argumentation [24,59,60]. An evaluation scheme for the quality of the arguments used concerning spoken argumentation was created, and verbal and non-verbal categories were detected and modified using a computer-based analysis program. Sandoval et al. [32] demonstrated teachers’ importance and accountability in spoken classroom argumentation processes and in guiding elementary students through this process.



The upper secondary students had to take the responsibility in small groups to resolve issues in the virtual learning environment. They were asked to be active (e.g., generate a question/claim) and to keep the focus on the key issues to resolve and create a collaborative culture, which obviously begins by framing science activity. The students could improve the criteria and framework for their learning as well. They needed to take accountability for the issues in the small groups, which the teacher normally does, as in the study of Sandoval et al. [32]. These issues are tasks that are demanding for individual learners, but in groups the students manage to work toward the learning goals in science using argumentative discussion.



Thus, this study being positioned within the context of the Baltic Sea, there is an interesting connection between scientific argumentation and solving the problems presented in the virtual learning environment. In relation to socio-scientific issues, students can generate different types of arguments: relative risk arguments as a prototype for decision-making, precautionary arguments prioritizing the avoidance of risks and decisions, and impossible arguments based on static factual knowledge about the possible risk [35]. In the present study, this kind of decision-making could also explain the results, which included a discussion on ways to enhance the situation in the Baltic Sea based on real statistical data gathered using the software. The collaborative virtual learning environment made it possible for students to take an active role in argumentation and carry out the study tasks, thus supporting scientific argumentation instead of classroom-type argumentation. These findings are congruent with those of Meyer [10], and the study environment seemed to support students’ accountability in understanding experimental marine science issues and to engage them to work productively.



Argumentation requires changes in discourse regarding classroom practices to support PDE and accountability [32]. The present study supports this idea, as the collaborative virtual learning environment made it possible for students to take an active role in argumentation and carry out the study tasks, thus supporting scientific argumentation rather than classroom-type argumentation. This is in line with the findings of Engle [9] and Meyer [10], who showed that, when students are allowed to work with their own ideas, they exhibit scientifically oriented PDE instead of classroom-like PDE [10].




5. Methodological Considerations


The argumentative types and quality of arguments were analyzed based on Toulmin’s scheme [34]. The analyses showed that the high-performing group had more argumentative questions, interpretations, and argumentative evidence in higher levels than the other two groups and spent less time on off-tasks issues. Sandoval et al. [32] showed that teachers have to guide students through the spoken argumentation process. For the upper secondary school students in the study, this means that they needed to be active (e.g., generate a question/claim), stay focused on the key science issues to be resolved, and follow scientific experimental research steps, which obviously begins by framing science activity and creating a collaborative culture in which students need to improve the criteria and framework for their learning. The students had to carry out all this in small-group discussions, reflecting the students’ productive disciplinary engagement, especially in the high-performing groups. By combining discourse practices specifically with a collective sense-making goal, Sandoval et al. [32] promoted productive argumentation in classroom-type spoken situations. Their result is in line with the spoken spontaneous argumentation of the small groups in the virtual learning environment in this study.



Here, Toulmin’s [34] traditional scheme that somewhat dominates the scientific argumentation research was used as a basis for the coding scheme because of its clear, easy-to-analyze structure. The natural scientific aspect of the scheme was introduced by the authors, which was suitable for analyzing science lessons in a virtual environment. It could not have been too complex or else the data analysis would have been prone to miscoding. As the results showed, this scheme enabled analysis of the argumentation in the argumentative phases (planning, experimenting, and making conclusions) in the ViBSE collaborative virtual learning environment.



The most important goal of using this coding system was to achieve a balance between the depth and complexity of the argumentation-coding model and the fluency of coding. One of the most challenging issues with the frameworks is that they lack a template for spontaneous, spoken argumentation. Driver, Newton, and Osborne [6] introduced argumentation as an important discursive practice, and since then written scientific argumentation has received most of the focus in research papers (e.g., [7,61]). There are hardly any studies on spoken argumentation in science (e.g., [15,32]) and few describing disciplinary engagement as productive [30].



The reliability across different researchers—inter-rater reliability—was good in this study since the coding category was created and discussed together and the coding agreement was relatively high [56,62]. The inter-coder reliability and agreement were therefore good as well. The definitions of codes and components of argumentation were also consistent in this study, and much attention was given to ensure that they were consistent and understandable for both the readers and researchers. The over-time reliability was there in the form of three to five lessons and three phases, but the study was not repeated with the same group after a certain time, which is a drawback. Further, the content validity supported the good reliability because the chosen argumentation coding scheme included critical components from argumentation theory. Criterion validity was intact since the argumentation coding yielded results that were line with the outcomes of the groups. Therefore, the argumentation was also actualized in a real outcome. These results are transferable to other science lessons in which argumentation is not explicitly required and instructed. There should be virtual software to provide students with a common ground for collaborative group work. However, there is a problem with transferability, as there were only six groups for the statistical analyses. So, in the strict sense, the statistical significance is valid only for these six groups and not for all groups. Therefore, there might be individual differences between the students that can affect the outcome of the whole group. This was tackled to some extent beforehand by mixing different learners to groups in collaboration with the teachers. Moreover, the focus was solely on collaborative learning, argumentation, and group outcome. Hence, studies with larger samples are needed in the future.



In sum, the argumentation of the three outcome-level groups differed in correlation to their outcomes, and there was a difference between the low- and high-outcome groups. To demonstrate this, a coding scheme was created, which worked sufficiently within the context of a virtual environment, where the topic of discussion changes quickly according to the software. In a virtual environment and in analyzing spoken, spontaneous argumentation, a more detailed scheme would be too diverse to use and would not provide much more information.




6. Conclusions and Implications


To conclude, the argumentation coding scheme presented in this study yielded results that were in line with the assumption that better argumentative discussion would lead to better qualitative outcomes. Moreover, this study presented a light and useful yet precise way to code student argumentation in a spoken format and in the context of collaborative group work. The virtual tool enabled students to argue even though they were not instructed to do so, which was a finding in itself. This showed that a socio-scientific topic in science could promote argumentation if it is implemented in a lesson (e.g., in a discussion-promoting way that encourages students to collaborate). Then, it could engage all the students in the discussion. However, it must be noted that the spectrum of theories delving into scientific argumentation from the viewpoint of student activity is enormous [42]. Therefore, there is no single theory that could explain all the results shown earlier. On the other hand, this study brings new findings to the discussion on scientific argumentation with its unique study design and focus on spoken argumentation during a collaborative inquiry task.



In the current study, if the turns formed a chain of argumentation around the same issue and on the same quality level they were coded as episodes. Episodes combined with rigorous analyses focusing on shared metacognitive regulation will be the main focus in the next article of the first author of this article. In future studies, the connections between pre- and post-tests, especially the topic-specific epistemic beliefs questionnaire, could be analyzed in relation to argumentation coding. The epistemic beliefs questionnaire is of particular interest since the literature [63] indicates that there should be a strong connection between students’ argumentation and epistemic beliefs. These results and argumentation analysis together with the results from this same data but with affect in focus [64,65] can be used to benefit teacher education and to provide teachers with tools to observe and evaluate their students’ argumentative discussion, which is at the heart of science education. Therefore, the findings can be utilized in designing the science learning situations, the collaborative tasks during the lessons, as well as the instructions the teachers give to their students. Teachers should be aware that certain tasks can spontaneously promote discussion and argumentation. Such task can be used to enhance science learning and the adoption of the culture in which the science is carried out. The results of this study support a new learning culture that values a group’s joint learning outcome instead of an individual learner’s outcome, thus leading to true collaborative learning. This dawn of a new learning culture is inevitably facilitated by a virtual learning environment that allows students to figure and follow the steps from hypotheses to results and conduct research that is carefully crafted on the principles of inquiry learning.
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Figure 1. Total summative durations of verbal communication for low-outcome, average-outcome, and high-outcome groups divided into argumentative and non-argumentative components across all argumentative phases (planning, experimenting, and conclusion). 
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Figure 2. Quantity of argumentative components in each of the six groups (Q lv1–3 is the component question, O lv1–3 is the component observation, and I lv1–3 is the component interpretation with its level). 
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Table 1. Evaluation scheme for the quality of an argument used in the video analysis based on Toulmin’s [34] model. All examples are from discussions of one of the high-performing groups.
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Argumentative Component

	
Quality Level

	
Indicators

	
Examples






	
Question (Claim)

	
1

(Qlv1)

	
No claims are given

Doesn’t start an argumentative chain

	
“Isn’t hatching the thing where they are getting out of their eggs?”




	
2

(Qlv2)

	
Claim fits poorly with theory

Leads to the continuation of the argumentative chain

	
“So, what’s happening to the eggs (in case of pH changing drastically)?”




	
3

(Qlv3)

	
Claim fits well with theory

Leads to the continuation of the argumentative chain

	
“So, the eutrophication… Wasn’t it the result of some changes in pH values?”




	
Observation

(Evidence)

	
1

(Olv1)

	
No evidence is provided

Doesn’t start nor continue an argumentative chain

	
“Yes, it [eutrophication] was connected to it [pH] somehow”.




	
2

(Olv2)

	
Weak evidence is provided

Can lead to the continuation of the argumentative chain

	
“Oh, it’s the flow coming out from the sediment”.




	
3

(Olv3)

	
Evidence is relevant and strong

Leads to the continuation of the argumentative chain

	
“It’s the ecosystem and all that belongs to it that is threatened by this occurrence”.




	
Interpretation

(Link to theory)

	
1

(Ilv1)

	
No link to theory is given

Doesn’t start nor continue an argumentative chain

	
“It decreases [number of the eggs] when it’s bubbling”.




	
2

(Ilv2)

	
Link to theory is weak and factious

Can lead to the continuation of the argumentative chain

	
“Some species can’t live there”.




	
3

(Ilv3)

	
Link to theory is relevant and strong

Can lead to the continuation of the argumentative chain

	
“The pH of seawater… is probably in which the planktons are normally living”
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Table 2. Instances of verbal communication categorized as “on-task argumentative” or “non-argumentative”.
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Group

	
On-Task Argumentative

	
Non-Argumentative




	

	
Frequency

	
%

	
Frequency

	
%






	
Low1

	
194

	
12.5

	
1362

	
87.5




	
Low2

	
120

	
15.4

	
660

	
84.6




	
Ave1

	
294

	
22.0

	
1040

	
78.0




	
Ave2

	
152

	
25.5

	
444

	
74.5




	
High1

	
358

	
34.8

	
672

	
65.2




	
High2

	
230

	
15.6

	
1242

	
84.1
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Table 3. Instances of verbal communication categorized as questions, observations, and interpretations.
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Group

	
Question

	
Observation

	
Interpretation




	

	
Frequency

	
%

	
Frequency

	
%

	
Frequency

	
%






	
Low1

	
18

	
1.2

	
128

	
8.2

	
48

	
3.0




	
Low2

	
24

	
3.1

	
42

	
5.4

	
54

	
6.9




	
Ave1

	
60

	
4.5

	
164

	
12.3

	
70

	
5.2




	
Ave2

	
32

	
5.4

	
96

	
16.1

	
24

	
4.0




	
High1

	
60

	
5.8

	
204

	
19.8

	
94

	
9.1




	
High2

	
42

	
2.9

	
124

	
8.4

	
64

	
4.3
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Table 4. Quality of instances of on-task argumentation (N = 1348) for the low-, average-, and high-outcome groups.
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Group

	
Level 1

	
Level 2

	
Level 3




	

	
Frequency

	
%

	
Frequency

	
%

	
Frequency

	
%






	
Low

	
256

	
81.5

	
50

	
15.9

	
8

	
2.5




	
Ave

	
298

	
66.8

	
134

	
30.0

	
14

	
3.1




	
High

	
380

	
64.6

	
182

	
30.9

	
26

	
4.4
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Table 5. Instances of verbal communication categorized as “on-task argumentative” or “non-argumentative” during each phase of the collaborative inquiry task.
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Phase

	
On-Task Argumentative

	
Non-Argumentative




	

	
Frequency

	
%

	
Frequency

	
%






	
Planning

	
518

	
22.8

	
1750

	
77.2




	
Experimenting

	
388

	
22.0

	
1376

	
78.0




	
Conclusions

	
442

	
16.2

	
2294

	
83.8
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Table 6. Quality of instances of on-task argumentation (N = 1348) during each phase of the collaborative inquiry task.
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Phase

	
Level 1

	
Level 2

	
Level 3




	

	
Frequency

	
%

	
Frequency

	
%

	
Frequency

	
%






	
Planning

	
324

	
62.5

	
174

	
33.6

	
20

	
3.9




	
Experimenting

	
316

	
81.4

	
58

	
14.9

	
14

	
3.6




	
Conclusions

	
294

	
66.5

	
134

	
30.3

	
14

	
3.2
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Table 7. Instances of verbal communication categorized as questions, observations, and interpretations during each phase of the collaborative inquiry task.






Table 7. Instances of verbal communication categorized as questions, observations, and interpretations during each phase of the collaborative inquiry task.





	
Phase

	
Question

	
Observation

	
Interpretation




	

	
Frequency

	
%

	
Frequency

	
%

	
Frequency

	
%






	
Planning

	
98

	
18.9

	
276

	
53.3

	
144

	
27.8




	
Experimenting

	
82

	
21.1

	
230

	
59.3

	
76

	
19.6




	
Conclusions

	
56

	
12.7

	
252

	
57.0

	
134

	
30.3
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