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Abstract
Collaborative argumentation (CA) is a prolific but challenging form of collaborative 
learning that requires group members to engage in a quantity of regulation to sustain the 
group’s productive functioning. The purpose of this study was to investigate the differences 
between the high- and low- performing CA groups in terms of (a) challenges and trig-
gered social regulation during CA, and (b) sequential patterns of social regulation used 
by those groups. From that, this research aimed to reveal what may promote or constrain 
CA from the perspective of social regulation. The target groups were selected from a 
larger sample of 14 groups based on the groups’ argument diagram scores after they par-
ticipated in a 90-min CA activity. Videos and interview data were collected and analyzed 
to reveal the encountered challenges and social regulation in the activity. Several findings 
were obtained. First, the low-performing groups encountered far more challenges and the 
biggest difference between the high- and low-performing groups was the socio-emotional 
challenges. Second, more challenges were regulated in low-performing groups, with more 
cognitive and socio-emotional challenges being regulated and less motivational challenges 
being handled. For cognitive challenges, the effective strategies to deal with the deadlock 
in reaching an agreement were identified among high-performing groups. For socio-emo-
tional challenges, although more have been regulated in low-performing groups, the tense 
atmosphere made social regulation less successful. For motivational challenges, low-per-
forming groups paid little attention to other members’ participation. Third, the high- and 
low- performing groups demonstrated different sequential patterns, such as more transi-
tions related to socio-emotional regulation and evaluation in high- performing groups. 
Pedagogical implications and the need to support students to cope with socio-emotional 
challenges are discussed in the last.
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Introduction

CA is a productive form of collaborative learning, which has been proven to deepen stu-
dents’ understanding of complex subject concepts (Wecker & Fischer, 2014), improve 
critical thinking (Ngajie et  al., 2020), and promote groups’ knowledge construction and 
elaboration (Chinn & Clark, 2013) through a set of interactions to convince others of 
their arguments’ validity (Krummheuer, 1995). Advocacy has increased to implement CA 
in diverse disciplines, such as science (Baytelman et  al., 2020), mathematics (Albano & 
Iacono, 2019), law (Pinkwart et al., 2006), and engineering (Wilson-Lopez et al., 2019). 
However, the literature also indicates that this productive CA is hard to achieve because 
students might encounter diverse cognitive and socio-emotional challenges, such as insuf-
ficient prior knowledge (Baytelman et al., 2020), low openness to arguing (Jeong, 2007), 
and conflicts or competitiveness arisen as they debate varying perspectives (Sohr et  al., 
2018). Thus, researchers maintain that students need to develop appropriate strategies to 
cope with these challenges (Acar et al., 2010; Isohätälä et al., 2018) and regulate their col-
laborative learning process to optimize the acquisition from CA, which refers to the social 
regulation of learning (Lobczowski et al., 2020).

The social regulation of learning entails the regulatory processes directed toward plan-
ning, monitoring, regulating, and evaluating learning at the group level (Volet et al., 2009); 
it incorporates two modes of regulation: co-regulation and socially shared regulation (Su 
et al., 2018). Metacognitive monitoring and control are the core processes supporting social 
regulation (Hadwin et al., 2018a; Järvelä et al., 2021). This is because metacognitive moni-
toring evaluates the ongoing learning process and informs group members about the need 
for regulation to deal with new situations or challenges (Sobocinski et al., 2020). Learn-
ers can use the information provided by metacognitive monitoring to strategically control 
their learning by triggering either co-regulation or socially shared regulation (Järvelä et al., 
2021). Although researchers have endeavored to discover the features that may promote or 
constrain productive CA from several perspectives (Berland & Reiser, 2011; Sohr et  al., 
2018), these investigations seem to overlook the importance of social regulation in CA. 
Hence, this study attempts to fill in this gap by designing a CA activity for undergraduates 
and comparing the differences between the high- and low- performing CA groups in terms 
of (a) the challenges and triggered social regulation during CA, and (b) sequential patterns 
of social regulation used by those groups. From that, the research aims to reveal what may 
promote or constrain CA from the perspective of social regulation.

Literature review

Features of CA

CA refers to the set of interactions between students as they attempt to convince others 
about their arguments’ validity (Wilson-Lopez et al., 2019). Engaging in CA requires stu-
dents to build arguments and support a position, weigh arguments or counterarguments, and 
clarify uncertainty (Asterhan & Schwarz, 2016), thereby achieving a deeper understanding 
of complex domain-specific concepts and developing argumentation skills (Noroozi et al., 
2012; Wecker & Fischer, 2014). These capabilities are valuable not only in many profes-
sional contexts but also in everyday life, and cultivating students’ ability to argue becomes 
an essential goal of education at all stages (NGSS, 2013; OECD, 2013). According to the 
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Toulmin Argument Pattern (TAP), there are six components that comprise an argument, 
but they are not necessary in every case: claim, evidence, warrant, backing, rebuttal, and 
qualifier (Toulmin, 1958). Later literature provides a more detailed description of what 
constitutes a good argument. For example, good arguments typically have multiple sides, 
support students to engage in deeper cognitive processing (Nussbaum & Schraw, 2007), 
and are organized, elaborated, and propped up by solid evidence or personal experience 
(Perloff, 2003). In contrast, poor arguments suffer from problems such as inappropriately 
linking evidence to a claim, or lacking counterarguments and rebuttals due to flawed rea-
soning and poor understanding of the topic (Nussbaum & Kardash, 2005). Although the 
benefits of CA have been recognized, high-quality CA is not always attained (Baytelman 
et al., 2020). Researchers have strived to uncover the features that may promote productive 
CA (Ryu & Sandoval, 2015; Sohr et al., 2018).

Early investigations highlighted argumentative discourse (Berland & Reiser, 2011). The 
findings suggest that deliberative argumentation, which can elicit and integrate partners’ 
arguments without sacrificing a critical evaluation, is more relevant for better group per-
formance (Felton et al., 2015). Later, researchers focused on group interactions and iden-
tified several different features (Sohr et al., 2018; Yun & Kim, 2015). For example, Ryu 
and Sandoval (2015) proposed that some social conflicts occurring in interactions might 
foster productive CA. However, the extent and types of conflicts remain underexplored. 
Sampson and Clark (2011) revealed five distinct differences by comparing two high- and 
two low- performing groups and indicated that the high-performing groups demonstrated 
more interactions in terms of expressing content-related ideas, proposing oppositional 
comments, and having a thorough discussion before accepting or rejecting a viewpoint. 
Until recently, some researchers have been attentive to the socio-emotional processes in 
CA (Lobczowski et al., 2020) and have identified three essential elements to sustain favora-
ble socio-emotional processes (i.e., using hedges to express claims, considering divergent 
claims, and easing tension through occasional consensus-seeking or humor) that could fos-
ter productive CA (Isohätälä et al., 2018). However, among these investigations, the role of 
social regulation, a key factor contributing to effective and efficient collaborative learning 
(Järvenoja et  al., 2019; Su et  al., 2018), has been ignored in CA, and little research has 
explored what features in social regulation maight promote or constrain the productive CA.

The social regulation of learning and CA

When individual learners work collaboratively, three primary modes of regulated learning 
contribute to productive collaboration: self-regulation, co-regulation, and socially shared 
regulation of learning (Hadwin et al., 2018a). Several studies have abstracted co-regulation 
and socially shared regulation into a more general term—the social regulation of learn-
ing—which refers to a group deliberately and strategically taking control of a task through 
negotiating and iterative fine-tuning of cognitive, behavioral, motivational, and emotional 
conditions (Schoor & Bannert, 2012; Su et al., 2018). Although social regulation is essen-
tial to maintain ideal collaborative learning functioning, team members may fail to rec-
ognize challenging situations and their need for regulation, which limits the activation of 
social regulatory behaviors (Rogat & Adams-Wiggins, 2014). This is where metacognition 
plays a role in collaboration, enabling learners to control and adapt their cognition, motiva-
tion, emotions, and behavior during the collaborative process (Järvelä et al., 2021). Spe-
cifically, metacognition is comprised of two main processes: monitoring and control (Nel-
son & Narens, 1994). Through these processes, learners are continuously made aware of 
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whether the group is progressing, preparing for diverse cognitive and socio-emotional chal-
lenges, and enacting appropriate strategies to cope with these challenges (Winne, 2011). 
Metacognitive monitoring and control are the mental processes that trigger co-regulation 
and socially shared regulation in collaborative learning (Järvelä et al., 2021; Winne & Had-
win, 1998). They can occur in each phase of regulated learning and refer to many aspects 
such as cognition, motivation, emotions, and behavior (Sobocinski et  al., 2020; Hadwin 
et al., 2018b).

Many empirical studies indicate that social regulation of learning is the central pro-
cess that contributes to productive collaborative learning (Su et al., 2018; Ucan & Webb, 
2015). Some researchers have therefore proposed that to better engage in and learn from 
CA, students need skills not only to construct adequate arguments, but also to effectively 
and efficiently work together; one such essential capability is the social regulation of learn-
ing (Isohätälä et al., 2018; Lobczowski et al., 2020). Lobczowski et al (2020) investigated 
regulation processes and socioemotional interactions during CA discourse by comparing 
two groups in their exploratory study. However, there is still not much known regarding 
the social regulatory process in CA. To unpack patterns of social regulation in collabo-
rative learning, prior research has identified two key approaches that can be drawn upon 
for this study; one focuses on social regulation that is activated to cope with the differ-
ent challenges (Järvenoja et  al., 2019; Malmberg et  al., 2015). Encountering challenges 
are meaningful moments in collaborative learning because, if not appropriately regulated, 
challenges could be detrimental to collaboration (Hadwin et  al., 2011; Järvenoja et  al., 
2019). The scant research on challenges and related social regulation has primarily exp-
plored certain aspects of regulation, for example, emotional regulation (Järvenoja et  al., 
2019) or cognitive and motivational regulation (Malmberg et al., 2015). No study, to our 
knowledge, has provided a holistic picture of the social regulation of cognition, emotions, 
and motivation in response to different challenges, especially in the CA context. Addi-
tionally, although CA has been known as its challenging characteristic for learning, and 
some challenges are mentioned sporadically (Acar et al., 2010; Asterhan & Schwarz, 2016; 
Noroozi et al., 2012), an overall analysis of challenges possibly encountered by students 
in CA is yet missing. Hence, investigating different types of challenges and the triggered 
social regulation together in CA could contribute to our understanding of how social regu-
lation occurs in response to different challenges. Further, if certain types of challenges are 
matched with a specific regulatory behavior that could remediate them, it is possible to dis-
tinguish between effective and ineffective social regulation and to ultimately form instruc-
tional recommendations for productive CA (Hadwin et al., 2018b; Malmberg et al., 2015).

Nevertheless, not all social regulation is triggered by challenges; thus, another impor-
tant approach is to trace the sequential patterns of social regulation (Hadwin et al., 2018a; 
Järvelä et  al., 2019). The model of regulated learning implies that regulation is not a 
state but a series of contingencies developing over time (Järvelä et  al., 2019). Conduct-
ing sequential analysis of social regulation can reveal how sequences of regulated learning 
unfold over time and identify regulatory transitions associated with better group perfor-
mance (Malmberg et  al., 2017; Su et  al., 2018). For example, Su et  al. (2018) explored 
the sequential patterns of English language learners in a wiki-supported learning envi-
ronment. They found distinct regulation patterns between the high- and low- performing 
groups in evaluation, content monitoring, and social-emotional regulation. Zheng and Yu 
(2016) applied lag sequential analysis to co-regulation in a mobile-supported learning con-
text. Also, they proved that the high- and low- achieving groups demonstrated significant 
differences in behavioral sequences. Since sequential patterns vary in different computer-
supported collaborative learning activities (Järvelä et  al., 2019), more studies should be 
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carried out on CA to shed light on the social regulation transitions that may boost group 
performance. As such, inspired by previous research, the current research aimed to com-
pare the differences between high- and low-performing CA groups in terms of (a) chal-
lenges and social regulation activated to cope with these challenges and (b) the sequen-
tial patterns of social regulation during CA. Therefore, this study attempted to identify the 
potential patterns of social regulation that may promote or constrain productive CA. The 
following three research questions lead this investigation:

1.	 What are the differences in encountered challenges between the high- and low- perform-
ing groups in CA?

2.	 What are the differences in social regulation activated to cope with challenges between 
the high- and low- performing groups in CA?

3.	 What are the differences in the sequential patterns of social regulation between the 
high- and low- performing groups in CA?

Method

Participants

Fifty-five (mean age = 20.3  years, 51 female) undergraduates from a normal university 
in Beijing, China were involved in the study. To recruit the participants, the researchers 
posted announcements on the school’s official online forum and in the announcements, 
a free lunch ticket was offered for participation. Most participants majored in education, 
foreign language, physics, and mathematics. Before the activity, all participants’ stand-
points on the fasting diet (whether the fasting diet is a healthy way to lose weight? Yes or 
no, explain why) were investigated through an online questionnaire. Then the 55 partici-
pants (one student dropped out before the activity started) were randomly assigned into 13 
groups of four and 1 group of three based on their standpoints on the fasting diet. There 
were two supporters and two opponents of the fasting diet in the 13 groups of four, and two 
supporters and one opponent in the group of three. All participants were informed of the 
study’s purpose, confidentiality, and their right to withdraw at any anytime. The activity 
took place in a classroom-like research space with 360-degree cameras.

The selection of the groups

This study aimed to carry out a systematic, in-depth analysis of differences in types of 
challenges and social regulation between the high- and low- performing groups. Therefore, 
four high- (HP) and four low- (LP) performing groups with a total of 31 students were ulti-
mately chosen for this study based on groups’ argument diagram scores. The argument dia-
gram is an efficient approach to providing external and persistent stimuli to encourage and 
scaffold CA (Scheuer et al., 2010). In this study, three elements—the claim (the final claim, 
the supporting claim, and the counterclaim), evidence, and the rebuttal—are included 
in the argument diagram; they are represented by differently shaped boxes (Fig. 1). The 
edges are divided into “because” for connecting supporting elements, “but” for connect-
ing opposing elements, and “however” for connecting rebuttals. Each note of the group 
argument diagram was scored based on the criteria adopted from previous studies (Chen 
et  al., 2016; Nussbaum & Schraw, 2007) (Appendix  1 Table  8 contains descriptions of 
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each category with examples from the data). For instance, if a claim was complete and 
supported by at least one reliable piece of evidence, it will be given 2 score. Otherwise, it 
will be given 1 score if the claim was partial or lacked reliable evidence and will be given 0 
score if the claim was irrelevant. Evidence and rebuttal were scored accordingly.

Two researchers scored each note of the diagram separately, and the Cohen’s kappa coeffi-
cient was 0.812. Then the two raters discussed all discrepancies face-to-face until a consensus 
was reached. The average score (dividing the total score of all nodes by the number of nodes) of 
each argument diagram was used to rank the groups from high to low. Following the previous 
studies (Kelley, 1939; Su et al., 2018), groups that scored in the top 27% were categorized into 
the HP groups and those scored in the bottom 27% into the LP groups. The mean score of the 
HP groups was 1.82 (SD = 0.12), indicating that the claims, evidence and rebuttals constructed 
by the HP groups were very close to the clear, reliable, and strong level. The mean score of the 
LP groups was 1.30 (SD = 0.11), suggesting that their claims, evidence and rebuttals were closer 
to the partial and weak level (Chen et al., 2016; Nussbaum & Schraw, 2007). Besides the scores, 
researchers also conducted a deeper analysis of each argument diagram and found that the ones 
produced by the HP groups included more nodes and were more logically organized. In contrast, 
the ones produced by the LP groups presented fewer ideas and often inappropriately linked the 
evidence to a claim.

In addition, the first individual argument diagrams (for detail, see the activity section) 
were also scored in the way of scoring the group diagram. Its score represented each par-
ticipant’s prior knowledge and argumentation ability of each participant. The Mann–Whit-
ney U-tests revealed no differences in students’ prior knowledge and argumentation ability 
between the HP (N = 15, mean = 1.66, SD = 0.20) and LP (N = 16, mean = 1.73, SD = 0.18) 
groups (U = 141.0, Z = 0.833, P = 0.423 > 0.05).

The CA activity

A healthy diet, lifestyle, and body management are widely concerned topics for undergrad-
uates. The CA activity aimed not only to help students gain a more comprehensive under-
standing of the fasting diet, but also to let them learn how to argue based on this familiar 

Fig. 1   Group argument diagram
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topic. Groups of students with opposite standpoints on the fasting diet participated in the 
activity, titled “whether the fasting diet is a healthy way to lose weight?” The goal was to 
reach a group consensus through CA and logically organize all ideas into the group argu-
ment diagram. As the task required, there was only one final claim at the top of the group 
diagram. Ideas opposing the final claim could be added as counterclaims rather than be 
given up, making the argument diagram a comprehensive conclusion of the discussion. 
Additionally, learning materials—including authoritative data about the nutrients and med-
ical research about fasting diets—were provided to students as one source of evidence (2 
pages, 1762 words). The activity was conducted face-to-face and supported by an online 
collaborative diagramming platform (ProcessOn). Group members used their computers to 
log in to the platform and synchronously edited the shared group argument diagram. Each 
member was denoted by different colors.

The overall activity lasted around 90 min for each group (Fig. 2). Before the activity, 
instructions for argumentation activity, and training for the ProcessOn platform, argumen-
tation elements, and rules of drawing argument diagram were given. Next, the students 
took 15 min to draw the first individual argument diagram based on existing standpoints 
without communicating with others, so the students could become familiar with the learn-
ing materials, sort out their arguments and prepare for the CA (Fig.  3). Afterward, a 
45-min CA was conducted in which students searched for additional evidence, convinced 

Fig. 2   Experimental procedure

Fig. 3   Individual argument diagram
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each other of their standpoints, reached a consensus, and finished the group argument dia-
gram. After CA, the students were required to complete the second individual argument 
diagram in which they could totally change their standpoints or merely supplement infor-
mation gained from the CA. The comparison between the second and the first individual 
diagrams could reveal each participant’s acquisition of knowledge from the CA; however, 
that is not the focus of this study. After the activity, a semi-structured interview was held 
with each student.

Data collection and analysis

The data include videos of CA and the semi-structured interviews. The videos (N = 8, 
around 6.5  h, mean = 48.3  min, SD = 3.2  min) of the HP and LP groups were analyzed 
by Nvivo 12 software and segmented into 30-s episodes. The time-based segmentation 
allowed a temporally unfolding overview of the group situations and provided a manage-
able and consistent unit of analysis (for similar studies, see e.g., Järvenoja et  al., 2019; 
Isohätälä et al., 2018). Two steps were included for coding the videos. The first step was 
to code the challenges and social regulation separately. The second step was to link social 
regulation to challenges by identifying what concrete forms of social regulation have been 
taken to handle a concrete challenge. Two coding schemes were employed to analyze par-
ticipants’ verbal discourse and nonverbal actions (e.g., body language). The codes of chal-
lenges and social regulation were not mutually exclusive.

The first coding scheme was developed to code challenges, and the main types came from 
the framework proposed by Hadwin et al. (2018b). They have identified five broad types of 
challenges that students encounter in various collaboration settings: motivational, socio-emo-
tional, cognitive, metacognitive, and environmental challenges. The current study integrated 
the metacognitive challenge into the cognitive one because metacognitive challenge occurred 
less frequently in this situation. Since there is no existing coding scheme of challenges for 
reference, an iterative process was conducted to create the sub-codes of the concrete chal-
lenges (Kwon et al., 2014). First, all the episodes were analyzed to see if they belonged to any 
concrete challenges mentioned in previous argumentation (e.g., Acar et  al., 2010; Noroozi 
et al., 2012) and the collaborative learning literature (e.g., Hadwin et al., 2018b; Järvenoja & 
Järvelä, 2009), or if they needed to be constituted into a new sub-code. The researchers of this 
study met and discussed the sub-codes proposed by each one independently. They then went 
back and used the sub-codes to examine pre-determined videos. After the practice, they met 
again to discuss issues raised by these sub-codes and revised them accordingly. This code-
then-revise process was repeated several times until all of researchers were satisfied with the 
coding scheme. As a result, 13 sub-codes of the concrete challenges were developed. Table 1 
describes each concrete challenge with examples from the data.

The second coding scheme was developed to scrutinize the social regulation of cogni-
tion, emotions, and motivation conditions, which includes intentional regulation of a specific 
student’s or their collective learning process (Hadwin et al., 2018a; Volet et al., 2009). The 
coding scheme was modified based on the work of Bakhtiar et  al. (2018), Järvenoja et  al. 
(2019), Malmberg et al. (2017), and Ucan and Webb (2015). The schemes in these four stud-
ies were chosen as they were particularly relevant to this research. The former two were 
developed to investigate socio-emotional interactions and regulation; the latter two provided 
a broad range of metacognitive regulation in collaborative learning. Minor modifications 
were made to match the context of CA. Finally, two main types, including socio-emotional 
regulation (SER) and metacognitive regulation (MR), and 15 concrete forms of regulation 
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Table 1   The coding scheme for challenges

Types of challenges Examples of Concrete challenges Definition of behavior Example

Cognitive Lack knowledge Some group members verbally expressed that they could 
not form a convincing argument due to a lack of prior 
knowledge

“Some studies indicate that the fasting diet can delay 
aging, but some say it may accelerate aging. I don’t 
understand the biological mechanism behind this, so I 
don’t know which one to follow to form an argument.”

Doubt the credibility of evidence Some group members verbally expressed that they could 
not collect high-quality evidence or judge the cred-
ibility of the evidence

“I doubt this research that indicates a small number of 
toxins may promote health with no specific explanation 
and this is inconsistent with what I know.”

Invalid discussion The invalid discussion was caused by a misunderstand-
ing among group members

“I think our discussion just now was meaningless because 
you guys didn’t get our points.”

Deadlock Some group members directly expressed that they faced 
difficulties in proceeding with the task or that there 
was a deadlock

“A: Time is almost over. We need to conclude immedi-
ately. B: I still insist on my opinion because you didn’t 
convince me.”

Motivational Insufficient motivation Some group members clearly expressed insufficient self-
efficacy toward the task, poor task value or inconsist-
ent goals, e.g., some members easily compromised to 
complete the task soon

“A: I still don’t understand the differences between the 
counterclaim and rebuttal. B: Whatever, it doesn’t mat-
ter”

Disengagement or distraction Some group members shirked the responsibility or 
showed disengagement, e.g., [nonverbal] played with 
their mobile or stared blankly for a while

Some students started to play with their mobile and did 
not participate in the activity for a while
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Types of challenges Examples of Concrete challenges Definition of behavior Example

Socio-emotional Negative emotions Some group members expressed negative emotions such 
as annoyance, frustration, antagonism either verbally 
or through body actions, e.g., sighing, shaking his head 
helplessly [nonverbal]

A student sighed with profound resignation
A student impatiently knocked on the table when another 

spoke to him
“I’m really speechless”
“We are totally not on the same page…Oh my, I’m out of 

ideas. I quit.”

Disrespectful communication Some group members communicated with less respect, 
e.g., interrupting someone rudely, undermining contri-
butions by criticizing others’ work, being too directive 
or [nonverbal] pointing a finger at someone’s face

A female student pointed a finger at another student’s face 
and asked him to write down what she said in a com-
manding tone

Be ignored Some group members were ignored, e.g., [nonverbal] no 
one responded to a certain member’s question

A quiet student asked many times how much food cor-
responded to 500 cal. Her questions were ignored, and 
everyone’s attention was focused on the more powerful 
student

Unfamiliarity The silence was caused by unfamiliarity, e.g., [nonver-
bal] there was a long period of silence while waiting 
for someone to open up the discussion

Competitive The atmosphere was too tense or competitive “A: I suspect you just choose the evidence that’ s in your 
favor. B: I think you are very ridiculous to require me 
to provide all the literature? I’ m not here to teach you 
how to do a literature review” The two students almost 
quarreled

Environmental Frustration with the technology Some group members verbally expressed frustration 
with the use of technology, limited time or space

“I tried many times, but I don’t know how to add 
“because’ on the edge.”

Physical discomfort Some group members verbally expressed physical 
discomfort

“The room is too hot to breathe”
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were developed to analyze social regulation (Appendix  2 and 3 Tables  9 and 10). Socio-
emotional regulation refers to the various behaviors used to manage emotional states and 
promote motivation, alternatively, to maintain a productive socio-emotional climate. Specifi-
cally, it includes concrete forms of regulation as humor, apologize, promote motivation and 
non-academic expressions. Metacognitive regulation refers to the diverse concrete forms of 
regulation pertaining to planning, monitoring, task-specific strategies using and evaluation to 
regulate the cognitive aspects of the learning process.

The challenges and social regulation were coded separately, whereas if a concrete form 
of regulation was activated to cope with a concrete challenge, researchers would add an 
extra code— “challenge-social regulation”—for the challenge, indicating that it was regu-
lated by a concrete form of regulation. For example, “lack knowledge-reread the material” 
refers to a student rereading material to propose further statements after expressing a lack 
of knowledge. Social regulation taken to cope with the challenges was calculated and com-
pared to reveal how the HP and LP groups regulated the challenges differently. Addition-
ally, to unpack the sequential patterns of social regulation during the activity, all codes of 
social regulation were chronologically arranged and imported into GSEQ 5.1, which has 
been widely used in many lag-sequential analyses (Li et al., 2021; Su et al., 2018). In the 
lag-sequential analyses, the frequency of each social regulation code immediately followed 
by another was calculated into the frequency transition table and then, the adjusted resid-
uals table (Z-score table) was inferred accordingly. According to Bakeman and Gottman 
(1997), if the Z-value of a sequence is greater than 1.96, the connectivity of this sequence 
reaches statistical significance (p < 0.05).

25% of the data from the CA videos were randomly chosen for inter-coding. Two 
researchers coded the videos independently and the Cohen’s kappa coefficient was calcu-
lated to judge the inter-rater reliability of the coded variables. The kappa values of chal-
lenges, social regulation, and challenge-social regulation were 0.931, 0.864 and 0.917, 
respectively. The most common issue in disagreements was that some challenges and social 
regulation were omitted from the coding process; that is, one researcher may have given a 
code to a 30-s episode, while another researcher may not have. After the independent cod-
ing, the two raters also discussed all of the discrepancies face-to-face until a consensus on 
coding was reached.

To better establish how well the HP and LP groups regulated encountered challenges, 
this study also involved individual semi-structured interviews. The place of the interview 
data in the analysis of the video data was to first check whether the findings of interview 
data and the video data were consistent, and then to provide more elaboration about how 
HP and LP groups regulated concrete challenges differently. The individual semi-struc-
tured interviews were chosen because they allow participants to speak more freely about 
their views since there may be inconsistencies or even conflicts among group members 
in the CA process. All students (N = 31, mean = 16.8 min) were interviewed immediately 
after the argumentation activity. Two researchers were involved, each of whom interviewed 
one student at the same time to reduce the waiting time of the other two. The questions 
centered on their perception of their collaboration and performance, acquisition of knowl-
edge from the activity, challenges encountered by the groups, strategies taken to handle 
challenges, and their effects were asked (see the interview questions are in Appendix 4). 
As with previous studies that used a mixed research method (Dignath & Büttner, 2018), the 
interview transcripts were processed by thematic analysis. Thanks to the comprehensive 
concrete forms of challenges and social regulation included in coding schemes, they were 
also the theoretical background for analyzing interview transcripts to identify students’ 
perceptions of what challenges their group had encountered, and what social regulation 
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they used to cope with these challenges. With the focused purpose, the two researchers 
firstly coded all the transcripts independently and the intercoder reliability reached 80%. 
The main discrepancies existed in the themes of social regulation for coping with cogni-
tive challenges. Disagreements arose because although some strategies mentioned by the 
participants were similar to the concrete forms of social regulation in the coding scheme, 
the participants expressed themselves somewhat differently. Hence, the researchers altered 
the descriptions of the themes based on the participants’ expressions to illustrate students’ 
perceptions more vividly. The themes were discussed several times until all researchers 
were satisfied.

Results

Differences in encountered challenges between the HP and LP groups

The frequency of challenges encountered by the HP and LP groups was calculated and com-
pared. The results in Table 2 indicate that the LP groups encountered far more challenges 
overall (HP = 33, LP = 89). Specifically, the LP groups faced more cognitive (HP = 18, 
LP = 35), motivational (HP = 7, LP = 15), and socio-emotional (HP = 6, LP = 39) challenges. 
It is worth noting that the cognitive challenges were the most common (54.5%) in the HP 
groups while in the LP groups, apart from cognitive challenges, the socio-emotional chal-
lenges (43.8%) were also frequent. A comparison of the concrete challenges in Fig. 4 shows 
that the biggest difference lies in the socio-emotional challenges, as the frequency of the LP 
groups is more than six times that of the HP groups and negative emotions, disrespectful 
communication, competitive happened much often in LP groups. Additionally, the few occur-
rences of unfamiliarity (f = 0) and insufficient motivation (f = 1) in both groups imply that 
although the participants were recruited, sufficient preparation and motivation led to high 
engagement in the activity.

Differences in how the HP and LP groups regulated their challenges

All the codes of “challenge-social regulation” were counted and compared between the 
HP and LP groups. Table  3 indicates that overall, more challenges were regulated in 
the LP groups (67.42%). Specifically, more cognitive (80%) and socio-emotional chal-
lenges (76.92%) were regulated in the LP groups, while far fewer motivational chal-
lenges (13.33%) were dealt with. Additionally, Table  3 also reveals that the HP groups 
adopted more socio-emotional regulation to cope with the various types of challenges 
(MR = 28.6%; SER = 71.4%), while the LP groups employed more metacognitive regula-
tion (MR = 76.7%; SER = 23.3%). Tables 4 and 5 outline more detailed information about 
how the HP and LP groups handled concrete challenges with concrete forms of social 
regulation.

As for handling the cognitive challenges, Table  4 indicates that students in the HP 
groups were inclined to employ humor or promote motivation when faced with a lack of 
knowledge or difficulties in performing the task (lack knowledge-humor, doubt evidence’ 
credibility-humor, deadlock-humor, deadlock-promote motivation, f = 5). Whereas Table 5 
signals that providing evidence by rereading material or searching for further evidence 
(f = 13) were the most commonly used behaviors in the LP groups to cope with diverse 
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Table 2   Overview of the total frequency, percentage, mean and standard deviation of challenge types

f and % represent the total frequency and percentage of the challenge types, respectively. Mean denotes the mean frequency across groups, and SD refers to the variability in 
the frequency of challenge types across groups

Types of challenge HP groups (N = 4) LP groups (N = 4)

f % mean SD f % mean SD

Cognitive 18 54.5% 5 2 35 39.3% 9 1
Motivational 7 21.2% 2 2 15 16.9% 4 4
Socio-emotional 6 18.2% 2 3 39 43.9% 10 5
Environmental 2 6.1% 1 1 0 0.0% 0 0
Total 33 100.0% 8 5 89 100.0% 22 9
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cognitive challenges (e.g., lacking knowledge, stagnating at a deadlock) and few socio-
emotional regulations occurred.

For socio-emotional challenges, Table 4 suggests that the HP groups only activated socio-
emotional regulation (e.g., humor and promoting motivation) to regulate infrequent negative 
emotions or disrespectful communication (f = 2). Whereas the LP groups conducted much 
more metacognitive regulation (MR = 19; SER = 11) to cope with the socio-emotional chal-
lenges, such as monitoring the process (negative emotions-assessment, disrespectful com-
munication-assessment, competitive-assessment, negative emotions-manage time, f = 8), 
providing evidence (negative emotions-search evidence, disrespectful communication-reread 
material, competitive-reread material, f = 5), and proposing new angle for discussion (nega-
tive emotions-strategy change, competitive-strategy change, f = 6) (Table 6). For motivational 
challenges, the HP (f = 6) (Table  4) groups conducted more social regulation than the LP 
(f = 2) (Table 5) groups to deal with disengagement situations, indicating that the HP groups 
were more sensitive and concerned about group members’ participation.

Video data indicate the proportion of challenges that were socially regulated by the HP 
and LP groups and provide initial information about how the groups regulated these chal-
lenges differently. To further establish how well the HP and LP groups regulated concrete 
challenges, individual semi-structured interviews were conducted. The place of the inter-
view data in the analysis of the video data was to first check whether the findings of inter-
view data and the video data were consistent, and then to provide more elaboration about 
how the HP and LP groups dealt with concrete challenges differently based on the inter-
view data.

For cognitive challenges, the most commonly mentioned concrete challenge in both 
HP and LP groups’ interviews was encountering deadlock in reaching an agreement. 
Two themes have been identified from the HP groups’ interviews to cope with the dead-
lock, e.g., “being aware of the situations and encouraging a critical discussion”  and 
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Table 3   Differences in the challenges being regulated between the HP and LP groups

The most left-hand column shows the types of challenges, and the rows illustrate the activated social regulation types. f and % represent the total frequency and percentage of 
the social regulation types activated to cope with the challenges. MR Metacognitive regulation, SER Socio-emotional regulation

Types of challenges HP groups LP groups

MR SER Proportion of regu-
lated challenges

MR SER Proportion of 
regulated chal-
lengesf % f % f % f %

Cognitive - 1 16.70% 5 83.30% 33.33% 26 92.90% 2 7.10% 80.00%
Motivational - 3 50.00% 3 50.00% 85.71% 1 50.00% 1 50.00% 13.33%
Socio-emotional- 0 0.00% 2 100.00% 33.33% 19 63.30% 11 36.70% 76.92%
Total 4 28.60% 10 71.40% 42.42% 46 76.70% 14 23.30% 67.42%
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“continuing to provide evidence” (Table  6). These themes imply that when facing 
deadlock in reaching an agreement, HP groups also searched for and gave evidence to 
persuade others, but more often students were aware of the situations. For example, it 
was impossible to collect all evidence to make a certain conclusion and both sides have 
reasonable point of views. Thus, the students in the HP groups focused on reaching a 
better understanding of the topic by exploring the material more deeply and critically. 
They showed great openness to encourage all members to contribute to the critical dis-
cussion. Meanwhile, the LP groups repeatedly mentioned themes like “sticking to the 
standpoints and continuing to provide evidence,” “compromising to accomplish the 
task,” revealing significantly different situations” where students in the LP groups stuck 
to their own standpoints and kept arguing by constantly offering evidence (Table  7). 
This behavior may turn the deadlock in reaching an agreement into a quarrel, leading 
to a tense atmosphere or a hasty ending of the discussion. The findings of the interview 
data are consistent with the videos whereby students in the HP groups were inclined to 
employ humor or promote motivation when faced with difficulty in performing a task, 
while providing evidence were the most commonly used behaviors in LP groups to cope 
with diverse cognitive challenges. Additionally, the interview findings provide more 
details about how well the HP and LP groups regulated concrete cognitive challenges 
(e.g., facing deadlock) differently.

There was no socio-emotional challenge mentioned in the HP groups’ interviews, 
which is in accordance with the results from the videos whereby few socio-emotional 
challenges occurred in the HP groups. The two themes identified in the LP groups to 
regulate socio-emotional challenges were “too competitive to regulate,” and “reduce 
the involvement in socio-emotional aspects and focus on the task, but it doesn’t work 
well” (Table 7). The two themes revealed different situations where the more frequent 
socio-emotional challenges may have triggered a tense atmosphere in LP groups. When 
faced the increasing tension, students in the LP groups reduced their involvement in 
socio-emotional aspects and focused on proceeding with the task by using metacogni-
tive regulation (e.g., dividing labor or strategy change), which is in line with the results 
from the videos. However, generally speaking, socio-emotional challenges were not well 

Table 4   Social regulation activated to cope with concrete challenges by the HP groups

The most left-hand column outlines concrete challenges, while the rows demonstrate the activated, concrete 
forms of social regulation. The numbers denote the frequency of social regulation activated to cope with a 
challenge

Frequency Socio-emotional 
regulation

Metacognitive regulation

Humor Promote 
motivation

Plan task Labor division Reread material

Lack knowledge- 1
Doubt evidence’ credibility- 1
Deadlock- 2 1 1
Disengagement- 1 2 2 1
Negative emotions- 1
Disrespectful communication- 1
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Table 5   Social regulation activated to cope with concrete challenges by the LP groups

The left-most column portrays concrete challenges, while the rows illustrate the activated concrete forms of social regulation. The number represents the frequency of social 
regulation activated to cope with a challenge

Frequency Socio-emotional regulation Metacognitive regulation

Humor Promote 
motiva-
tion

Non-
academic 
expressions

Task 
under-
standing

Plan task Assessment Manage time Reread material Search evidence Strategy change

Lack knowledge- 3 3
Doubt evidence’ credibility- 2
Invalid discussion- 1
Deadlock- 1 1 3 4 2 3 1 4
Disengagement- 1 1
Negative emotions- 2 1 2 1 1 4
Disrespectful communication- 4 1 3 3
Competitive- 3 2 1 2
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Table 6   Themes of how the HP groups regulated challenges (N = 15)

The number in the brackets refers to how many students mentioned the theme

Challenges Themes Examples

To cope with the deadlock in reaching an agreement Being aware of the situations and 
encouraging a critical discus-
sion (6)

“We first looked for evidence on the internet, and then realized that we couldn’t 
collect all pieces of evidence, especially in such a limited time. So, we gave up 
looking for new evidence and tried to understand the obtained material more 
deeply and critically. In the end, we included and logically organized all the 
evidence we gathered into the group diagram through a thorough discussion.”

“When we realized that both sides have their rationales, we stopped trying to 
convince each other. Instead, we encouraged everyone to fully express their ideas 
and tried to logically organize all the arguments into the group diagram.”

Continuing to provide evidence (4) “We have been looking for various journals and official websites to collect authori-
tative evidence.”

To cope with disengagement Promoting motivation (3) “I found that the girl next to me didn’t speak much, so, I tried to encourage her by 
asking her opinions.”

To cope with socio-emotional challenges There were no socio-emotional challenges mentioned by the HP groups
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Table 7   Themes of how the LP groups regulated challenges (N = 16)

The number in the brackets refers to how many students mentioned the theme

Challenges Themes Examples

To cope with the deadlock in reaching an agreement Sticking to the standpoints and continuing to provide evidence (7) “He insisted on his position while I insisted on mine. We all ques-
tioned each other until there was no time so that we have to finish 
the group diagram hastily in the end.”

“Ultimately, we really couldn’t find further evidence to support 
our position, so, we began to argue with personal opinions, and I 
thought we were verbally sparring. The discussion was meaning-
less, and the atmosphere was out of control.”

Compromising to accomplish the task (10) “We tried to search for evidence on the internet to support our 
position, but we could not find enough evidence to convince each 
other. Finally, we had to compromise on the side of who was more 
persistent for completing the task.”

To cope with socio-emotional Challenge Too competitive to regulate (5) “They kept questioning and arguing with each other and the atmos-
phere became very tense. I tried to alleviate the tension, but they 
were too tit for tat to regulate.”

“They were too tough to defend the position. I dared not regulate the 
tension because I was afraid of being attacked as the next target.”

Reduce the involvement in socio-emotional aspects and focus on 
the task, but it doesn’t work well (8)

“Later, we stopped trying to regulate the atmosphere, and only 
focused on how to finish the tasks through, such as by dividing 
labor, because there is no way to solve this kind of personality 
problem in such a short period of time.”

“We tried to use various approaches, such as proposing new 
perspectives to proceed with the discussion, but the effect was not 
very good because the atmosphere was too tense.”

To cope with disengagement No regulation (2) “I really can’t convince her so that I just wanted to be as slack as 
other students.”

“I was not the leader, so, I didn’t think I had such a responsibility to 
promote her motivation.”
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regulated, and the tense atmosphere made the various regulation strategies less effective 
in the LP groups.

For motivational challenges, three students in the HP groups reported “promoting 
motivation” (Table  6), while two students in the LP groups mentioned “no regulation” 
(Table 7), pointing to the similar results from the videos whereby far more motivational 
challenges were regulated in the HP groups (HP = 85.71%; LP = 13.33%). This indicates 
that students in the HP groups felt more responsible for the group’s equal engagement and 
conducted more social regulation to cope with disengagement issues.

Differences in sequential patterns of social regulation between the HP and LP 
groups

There were 264 social regulatory behaviors coded in the HP groups and 273 in the LP 
groups. In line with previous research (e.g., Hou, 2015; Hou & Wu, 2011; Tsai et al., 2022), 
which had the similar aim of investigating the differences in sequential patterns between 
high- and low- performing groups, this study also took four HP and four LP groups as a 
whole and compared their differences in sequential patterns of social regulation. Appen-
dix  5 Table  11 depicts the adjusted residuals tables of the HP and LP groups acquired 
from GSEQ 5.1. Figure 5 displays all statistically significant behavioral transitions from 
Appendix 5 Table 11 (Z-scores > 1.96, p < 0.05), indicating great differences in both socio-
emotional and metacognitive regulation transitions between the HP and LP groups.

Firstly, the HP groups exhibited a significant behavioral path socio-emotional regula-
tion → socio-emotional regulation (z = 3.09, p < 0.05), suggesting that the HP groups intention-
ally regulated the socio-emotional atmosphere of collaboration by repeatedly adopting diverse 
forms of socio-emotional regulation (e.g., using laugher to express disagreement, apologizing for 
mistakes, promoting motivation, and using non-academic expressions to alleviate the tension). 
Secondly, the HP groups also conducted significant transitions: monitoring → socio-emotional 
regulations (z = 1.99, p < 0.05), meanng that in the HP groups, monitoring behavior was fre-
quently followed by socio-emotional regulation to euphemistically express an assessment of per-
formance, realizing a mistake and managing time. Hence, students in the HP groups attempted 
to prevent possible tension that could be triggered by straightforward judgments and pointing out 
a mistake. For example, in the process of drawing the group diagram, one student said, “Oh my, 
our diagram has too much content and it’s really a mess now [assessment].” Another student said 
immediately, “But we have completed most of the work, and it contains very rich content, we just 
need to do some sorting; come on, let’s work together! [promoting motivation]". However, these 
two transitions were not the case in the LP groups.

Thirdly, the transition planning → planning in the LP groups (z = 7.27, p < 0.05) was far more 
significant than that of the HP groups (z = 3.57, p < 0.05), indicating that students in the LP 
groups more often stagnated in the planning stage, for example, repeatedly talking about task 
requirements, how to proceed with the task, and dividing the labor, rather than moving on to 
manage or monitor their learning process. Fourthly, the transitions evaluation → evaluation 
(z = 7.48, p < 0.05) was highly significant in the HP groups, illustrating that students in the HP 
groups were more inclined to reflect and evaluate their collaboration. For example, students in 
the HP groups frequently evaluated their collaboration at the end of the activity, “It would be nice 
if every group collaboration in the future was like this time. We are very efficient today.” “I think 
that’s it. The main aspects are considered and drawn in the diagram. Now, the distribution of the 
diagram is not even, and it needs to be adjusted. I will get it.” Whereas there was no behavioral 
transition of evaluation occurred in the LP groups.
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Discussion

The purpose of the present study was to investigate the differences between the high- and 
low- performing CA groups in terms of (a) the challenges and triggered social regulation 
during CA, and (b) sequential patterns of social regulation used by those groups. From 
that, the research aimed to identify what may promote or constrain CA from the perspec-
tive of social regulation. To achieve this goal, the study constructed comprehensive coding 
schemes of diverse concrete forms of challenges and social regulation in CA, attempting 
to provide insight into the challenges and social regulation occurring in CA. Additionally, 
using a combination of interviews and video data, the study derived more details about 
how well the HP and LP groups regulated these challenges differently.

Differences in encountered challenges between the HP and LP groups

The systematic analysis of the challenges in this study extends previous literature, which defines 
CA as a challenging context for learning (Noroozi et  al., 2012; Wecker & Fischer, 2014) by 
providing a holistic and detailed picture of diverse cognitive, socio-emotional and motivational 
challenges faced by students in CA. The comparison between the HP and LP groups indicated 
that although there were no differences in students’ prior knowledge and argumentation ability 
between the HP and LP groups, the LP groups encountered far more challenges. This finding 
is in line with previous statements that incorporating collaborative instructional approaches into 
argumentation could bring more challenges to learning (Sampson & Clark, 2011), and further 
indicates that facing different challenges could be one underlying reason for inter-group variation 
in performance. Specifically, in the HP groups, cognitive challenges were the most common, and 
few socio-emotional challenges occurred. According to Isohätälä et al.’s (2020) definition of cog-
nitive interaction, whether expressing a lack of prior knowledge or facing a deadlock, students 
at least still engaged in task-focused cognitive interactions to proceed with the task. Whereas 
in the LP groups, apart from cognitive challenges, the socio-emotional challenges (e.g., nega-
tive emotions, disrespectful communication and competitiveness) happened far more often. Prior 
investigations suggest that the behaviors of, and interactions among group members could deter-
mine the group’s socio-emotional climate of a group (Bakhtiar et al., 2018). Hence, these socio-
emotional challenges, if not appropriately regulated, may turn CA into disputes and lead to a 
negative group climate, which is harmful and unworkable for accomplishing groups’ shared goal 
(Isohätälä et al., 2018).

Fig. 5   The differences in sequential patterns of social regulation between HP and LP groups
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Differences in how the HP and LP groups regulated their challenges

TO establish the differences in how the HP and LP groups regulated their challenges, both 
video and interview data were analysed. The video data revealed the proportion of chal-
lenges that were socially regulated by the HP and LP groups and provided initial informa-
tion on how the groups regulated challenges differently. The interview data offered more 
details about how well the HP and LP groups dealt with concrete challenges.

More challenges were regulated in the LP groups, with more cognitive and socio-emotional 
challenges being regulated and fewer motivational challenges being managed. For cognitive 
challenges, the video data analysis revealed that the HP groups were inclined to employ humor 
or promote motivation when faced with difficulties in performing a task, while providing evi-
dence was the most commonly used behaviors in the LP groups to cope with diverse cognitive 
challenges. The interview data analysis provided further insights about how well the HP and 
LP regulated the concrete cognitive challenge (i.e., facing deadlock) differently. Specifically, in 
the LP groups, continuing to provide evidence with less awareness of the shared task goal and 
socio-emotional regulation sometimes turned the deadlock into tension and lead to a hasty end-
ing of the discussion. This finding should draw educators’ attention to the reason that although 
searching for evidence and arguing with evidence are the main objectives encouraged in argu-
mentation (Osborne et al., 2004; Reisoğlu et al., 2020), they do not always guarantee favorable 
outcomes (Asterhan & Schwarz, 2016). Continued arguing and a persistent inability to reach 
a consensus can lead to emotional conflicts (Sohr et al., 2018). This may also explain why the 
LP groups performed less well, despite more cognitive challenges being regulated. Students 
need appropriate strategies to deal with deadlock to successfully proceed with a critical discus-
sion (Acar et al., 2010; Berland & Reiser, 2011). One such effective strategy is found in the 
HP groups; that is, being aware of the uncertainty of argumentation and accompanying arguing 
with socio-emotional regulation to encourage everyone to contribute to the critical discussion. 
Some researchers (e.g., Lee et al., 2019) have noted the uncertain nature of argumentation; that 
is, the conclusion of an argument evolves as evidence increases, so it is impossible to collect all 
pieces of evidence at once to arrive at a definite conclusion. Hence, it is important to manage 
the uncertainty in argumentation by clarifying the scope of the knowledge base to maintain a 
critical discussion (Chen et al., 2019). This was illustrated in the interview data which indi-
cated that students in the HP groups had a clear awareness of the impossibility of collecting all 
pieces of evidence to draw a certain conclusion on the topic. So, they delineated the scope of 
the discussion and focused on reaching a better understanding of the topic, and encouraging all 
members to contribute to the critical discourse. This effective strategy helped to strike a balance 
between sustaining a productive socio-emotional atmosphere and being critical in CA.

For socio-emotional challenges, the results suggest that although more socio-emotional chal-
lenges were regulated in the LP groups, the tense atmosphere made social regulation less effec-
tive. The frequent socio-emotional challenges in the LP groups led to a tense climate and when 
faced the increasing tension, students in the LP groups tried to reduce their involvement in socio-
emotional aspects and focused on proceeding with the task by using metacognitive regulation. 
As established in previous research, the negative socio-emotional interactions created a con-
straint for shared adaptation in the face of a challenge (Bakhtiar et al., 2018). This could explain 
why socio-emotional challenges were primarily addressed through metacognitive regulation in 
the LP groups. This is consistent with Rogat and Linnenbrink-Garcia (2011), who argued that a 
negative socio-emotional atmosphere could reduce the effectiveness of social regulation. There-
fore, the various regulation strategies used in the LP groups were less effective for regulating the 
socio-emotional challenges due to the tense climate. Findings in this study point to the need for 
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students to support their social regulation of socio-emotional challenges in CA. For motivational 
challenges, both the video and interview data indicate that the LP groups paid little attention 
to other members’ participation. This can be explained by one prior study where students nor-
mally showed simple concerns about accomplishing a task, rather than equal participation (Li 
et al., 2021). This study further suggests that the neglect of equal participation may lead to poor 
performance.

Differences in sequential patterns of social regulation between the HP and LP 
groups

Behavioral transitions, including socio-emotional regulation in the HP groups, highlight the sig-
nificance of socio-emotional regulation in CA and differentiate CA from other collaborative 
learning contexts in which metacognitive regulation is normally dominant, e.g., collaborative 
writing (Su et al., 2018), collaborative inquiry learning (Ucan & Webb, 2015) and collaborative 
problem-solving (Kwon et al., 2014; Malmberg et al., 2017). The HP groups repeatedly adopted 
diverse forms of socio-emotional regulation to intentionally sustain a favorable socio-emotional 
atmosphere of collaboration, and made monitoring behavior be accompanied by socio-emo-
tional regulation to prevent possible tension that could be triggered by straightforward judgment 
or pointing out a mistake. These situations did not occur in the LP groups. These findings imply 
a strong commitment of the HP groups to build and maintain a positive socio-emotional atmos-
phere instead of only focusing on performing the task at hand (Isohätälä et al., 2018) and this 
positive socio-emotional climate also appeared to facilitate the higher quality CA (Lobczowski 
et al., 2020). This finding further emphasizes the abovementioned argument that support for 
social-emotional regulation—e.g., improving group awareness of current socio-emotional states 
and guiding students to adopt appropriate socio-emotional regulation—is necessary for eliciting 
high-quality CA (e.g., Hadwin et al., 2018b).

There are also some differences in metacognitive regulation transitions between the HP and 
LP groups. The LP groups stagnated more often in the planning stage. A similar behavioral pat-
tern has been identified in prior studies where the low-performing groups tend to repeatedly 
organize the collaboration, rather than moving on to manage or monitor their learning process 
(Su et al., 2018). Zheng and Yu (2016) further explained that repeatedly performing a planning 
behavior results from the limited regulation skills of low-performing groups. Another distin-
guishing feature between the HP and LP groups was evaluation. This finding is in line with prior 
research that more evaluation behavior occurs in high-performing groups of English language 
learners (Su et al., 2018). This suggests that the HP groups were more inclined to reflect on their 
collaboration effectiveness and learning performance, which is necessary for effective collabora-
tion (Su et al., 2018; Hadwin et al., 2018a). The results of metacognitive regulation indicate that 
apart from the regulation of social and motivational states, the HP groups also demonstrated sev-
eral metacognitive regulation patterns that contributed to productive CA.

Limitations

This study has some limitations. First, the sample size involved was small. However, this research 
aimed to carry out a systematic, in-depth analysis of encountered challenges and social regulation 
in CA. This was achieved by developing a comprehensive coding scheme based on the prior lit-
erature (e.g., Bakhtiar et al., 2018; Järvenoja & Järvelä, 2009; Järvenoja et al., 2019; Hadwin et al., 
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2018b) as the analytical basis, which carefully and finely revealed the differences between the HP 
and LP groups. In addition, this study performed a fine-grained analysis of the learning process 
by examining the process-oriented videos with a small analysis unit. Meanwhile, to further sup-
port and verify the findings, qualitative analysis of the interviews was combined to triangulate the 
results from videos. Second, although this study has referred to relevant literature to propose the 
coding schemes, it is not guaranteed that all conditions of challenge and social regulation will be 
covered during the learning process. Thus, the coding schemes need to continue to be improved in 
more scenarios and future studies.

Conclusion and pedagogical implications

By comparing four high- and four low- performing groups, the present study uncovered 
differences in challenges and social regulation across differently performing groups and 
unpacked some patterns that promote or constrain productive CA. The analysis of challenges 
helps educators to better understand the difficulties that may be encountered by students in 
CA. Therefore, teachers can orchestrate scaffoldings to prevent challenges when applying CA 
in an authentic classroom (Acar et al., 2010). For example, the effective strategies to deal with 
the deadlock in reaching an agreement identified in this study could bring teachers inspiration 
to design scripts, specifically, guiding students to be aware of the uncertainty of argumenta-
tion and to delineate the scope of the discussion (Chen et al., 2019). Moreover, several behav-
ioral patterns that contribute to productive CA were also found, such as intentionally adopting 
diverse forms of socio-emotional regulation to sustain a favorable atmosphere, making moni-
toring behavior be accompanied by a socio-emotional regulation to prevent possible tension, 
being more concerned about other members’ participation, and evaluation behavior. There-
fore, as suggested by Su et al. (2018), teachers might consider encouraging these behaviors by 
emphasizing the value of equal participation or giving students instructions on appropriately 
utilizing socio-emotional regulation, and switching strategies according to task progress and 
on evaluating their collaboration. Also, there is a problematic issue revealed; that is, students’ 
inability to regulate the increased tension caused by frequent socio-emotional challenges. 
Therefore, emphasis should be placed on providing support and guiding students to deal with 
the socio-emotional challenges because they could have great effects on group performance.

Future work

This study focused on the four high- and four low- performing groups in CA. It would be inter-
esting to extend this study to more contexts and therefore, deepen our understanding of how 
social regulation occurs to cope with challenges in broad collaborative settings. If certain types 
of challenges are matched with a specific regulatory behavior that could remediate them, it 
might be possible to identify more effective and ineffective strategies, and to form instructional 
recommendations for productive collaborative learning (Hadwin et  al., 2018b). Both prior 
research and the findings in the current study argued that the maladaptive social regulation in 
responding to the challenges is normally due to students ‘unawareness of challenges and inabil-
ity to regulate them (Järvelä et al., 2019). Although several tools have been developed to pro-
mote awareness of challenging moments (e.g., SEST from Bakhtiar et al., 2018; S-REG from 
Sobocinski et al., 2017), combining awareness tool with more explicit types of instructions that 
foster reflection on the challenging situations and provide suggestions to regulate the challenges 
is an important future direction (Buder et al., 2021).
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1 3 Table 8   (continued)

Category Description Level Score

Rebuttal A claim that refutes a counterclaim but always supports the final claim (in a 
cloud shape)

Irrelevant/not applicable/unclear
Counterclaim: Current research on the Fast Diet has limitations
Irrelevant Rebuttal: We’re talking about the effectiveness of the Fast Diet to 

lose weight, not its research

0

Partial or weak
Counterclaim: Easy to rebound
Weak Rebuttal: Sports also rebound

1

Strong and reliable
Counterclaim: It can cause stress and anxiety
Rebuttal: All weight loss methods are not easy to achieve and need self-

discipline. Relevant studies have proved that the Fast Diet can also bring 
positive emotion, improve metabolism and restore health in the short term

2
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Table 9   The coding scheme for socio-emotional regulation

Types of social regulation Concrete forms of social regulation Definition of behavior Example

Socio-emotional
Various behaviors to manage emotional 

states and promote motivation, alterna-
tively, to maintain a productive socio-
emotional climate

Humor Used humor or laughter to express disa-
greement or ease the tension

“From my body shape, you guys could tell 
that I have no right to talk about losing 
weight.”

Apologize Apologized to another member for making 
a mistake

“Oh, sorry! I read the data wrong.”

Promote motivation Encouraged or facilitated the participa-
tion of other members by recognizing 
contributions, promoting openness, 
providing positive feedback or making a 
polite request

“I’m still listening, you can continue your 
points.”

Non-academic expressions Expressions aiming at maintaining a pleas-
ant atmosphere (e.g., praising someone’s 
non-academic merits or sharing personal 
life)

After an intense discussion between A and 
B, A spoke to B: “I don’t think you need to 
lose weight at all, you are already in good 
shape” B: “Oh okay, thank you”. Then the 
atmosphere was relieved

Appendix 2

Table 9
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Table 10   The coding scheme for metacognitive regulation

Types of social regulation Concrete forms of social regulation Example

Metacognitive Various behaviors pertaining to plan-
ning, monitoring, task-specific strategies using and 
evaluation to regulate the cognitive aspects of the 
learning process

Planning (MR1)
Behaviors concerning the understanding of a task goal 

or procedural aspects of a task

Talked about the understanding of the task require-
ments and goals (Task understanding)

“Should we draw one diagram for all supporting 
and opposing ideas or draw them in two diagrams 
separately?”

Asked or decided on how to proceed with the task 
(Plan task)

“Let’s discuss it first and then draw the diagram, okay?”

Assigned individual roles or divided the labor (Labor 
division)

“How about you two write the supporting ideas and we 
conclude with the opposing ones?”

Monitoring (MR2)
Behaviors concerning the ongoing assessment of 

understanding of the task or actual performance 
of the task

Made an assessment of understanding of the task or if 
any learning goal has been achieved (Assessment)

“So, what we can conclude so far is that in the two days 
of the fasting diet, we need to follow the scientific 
instructions and for the other five days, we also need to 
control the diet only by which the fast diet is healthy.”

Realized a mistake or an off-topic discussion (Realized 
a mistake)

“I think we may have digressed. What we need to argue is 
whether the fasting diet is a healthy way to lose weight, 
not a way of life.”

Managing time “How much time is left? It seems that there are only 
15 min. We need to draw the diagram immediately.”

Task-specific strategy using (MR3)
Behaviors related to using various cognitive strategies 

for learning, reasoning, and memory, thinking

Reread the provided material and found further 
evidence to support or rebut a claim. (Reread the 
material)

Students proposed an argument based on the material 
after rereading it

Searched for more evidence on the internet to support 
or rebut a claim. (Searched further evidence)

Students searched on the internet for a while and then 
proposed an argument with new information

Recorded the content while discussing for drawing the 
diagram later. (Make records)

“You guys can discuss it, I’ll record the content for draw-
ing the diagram later.”

Proposed a new angle for discussion or a strategy 
change following an error detection. (Strategy 
change)

“Hey, let’s discuss this issue from another angle.”

Evaluation (MR4)
Behaviors relating to reviewing overall learning 

process and outcomes

The evaluation involved students’ judgment, attribu-
tions and emotional reactions to their performance, 
the effectiveness of the strategies

“It would be great if my future collaboration could be as 
harmonious as today.”

Appendix 3

Table 10
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Table 11   The adjusted residuals table (Z-scores) of the HP and LP groups

SER Socio-emotional Regulation, MR1 Planning, MR2 Monitoring, MR3 Task-specific strategy using, 
MR4 Evaluation * p < 0.05

HP groups LP groups

SER MR1 MR2 MR3 MR4 SER MR1 MR2 MR3 MR4

SER 3.09* -1.06 0.85 -2.77 -1.75 1.75 -2.68 0.12 -0.17 0
MR1 -0.8 3.57* -0.13 -1.2 0.49 -0.61 7.27* -2.09 -2.56 0
MR2 1.99* -0.05 -0.33 -1.53 -1.1 -0.06 1.04 0.63 -1.02 0
MR3 -3.85 -1.08 -0.67 5.54* -0.37 -1.36 -2.56 0.78 2.48* 0
MR4 -1.49 0.68 0.1 -1.78 7.48* 0 0 0 0 0

Appendix 4

Interview questions

1.	 Are you satisfied with the collaboration? why?
2.	 How do you feel about the quality of the group argument diagram? Why?
3.	 Have you learned something new or changed your standpoints on the fast diet through 

collaborative argumentation? How?
4.	 What challenges or difficulties did your group encounter in the collaborative argumenta-

tion?
5.	 Do you think other members of the group were aware of these challenges or difficulties?
6.	 What strategies your group have been taken to deal with the challenges or difficulties? 

Do you think it worked? If it didn’t work, why?
7.	 What challenges or difficulties your group haven’t taken strategies to deal with? Why?

Appendix 5

Table 11
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