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Abstract

This study investigated how metacognitive regulation (MR), especially its forms and foci,
was manifested in less and more successful outcome groups’ collaborative science learning
in diverse learning contexts. Whilst previous research has shown that different forms and
foci of MR exist in collaborative learning, their role in groups’ learning outcomes remains
unexplored. Drawing conclusions from different studies has been difficult because these
have used different conceptualisations and analytic methods. In the present study, the learn-
ing processes of less and more successful outcome groups from three diverse collaborative
science learning contexts were scrutinised. The contexts differed in academic level, dis-
ciplinary subject, and national culture. The same theory-based conceptualisations, coding
systems, coders, and analyses were used across contexts. In addition, the tasks studied were
designed using the same guiding principles. Transcribed video and audio recordings of the
groups’ verbal interactions for two distinct interaction segments from these tasks formed
the basis of the analyses. Manifestation of forms and foci of MR were quantitatively and
qualitatively illustrated in each context. The main findings show that the manifestation of
MR of less and more successful outcome groups demonstrated similarities and differences
in the three different learning contexts. This study contributes to a contextualised under-
standing of MR in collaborative science learning, and highlights the importance of using
similar, rigorous analytical tools across diverse contexts.
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Introduction

Metacognitive regulation (MR) as the regulation of cognition has been associated with
high-level learning outcomes in individual science learning (e.g., Akyol, Sungur, &
Tekkaya, 2010; Peters & Kitsantas, 2010), but empirical research on this relationship in
collaborative science learning is scarce. Empirical findings of the important role of MR
in individual learning are not sufficient to claim its significance in collaborative learn-
ing (see Efklides, 2008; Rogat & Linnenbrink-Garcia, 2011; Volet, Vauras, & Salonen,
2009b) where learners are supposed to co-construct shared understanding of a problem
(Hargreaves, 2007; Khosa & Volet, 2014) towards a common goal (Dillenbourg, 1999;
Roschelle & Teasley, 1995). The definition of MR in collaborative learning implies
that the quality of the group’s ongoing cognitive learning process is monitored and
controlled so that the group’s collaborative work progresses toward a shared learning
goal (see Schoor, Narciss, & Korndle, 2015; Whitebread et al., 2009). On the basis that
achievement of a group’s goal is reflected in its learning outcome, examining the rela-
tionship of group learning outcome to engagement in MR is crucial to understand its
significance in collaborative learning.

Previous research has explored MR’s presence, nature, and characteristics in various
collaborative science learning contexts (e.g. Iiskala et al., 2015; Ucan, 2017; Ucan &
Webb, 2015), but not necessarily its relationship to learning outcomes, that is, the qual-
ity of the group’s collective product. Here the group is used as the unit of assessment
for learning, rather than the individual, to reveal socially co-constructed understanding
(see Hargreaves, 2007). This approach is supported by research findings of the effects
of students’ MR in collaborative learning that show a group’s learning outcomes differ
from individuals’ learning outcomes (see Molenaar et al., 2012). Also, the few avail-
able research findings about the relationship between MR and group learning outcomes
are inconclusive. For example, while Panadero and Jirveld (2015) discussed in their
review positive associations between MR and group outcome quality, Schoor and Ban-
nert (2012) reported that their less and more successful-outcome dyads did not differ in
the amount of MR during collaborative learning, which led them to conclude that the
dyads may not have benefited from MR. Thus, the role of the significance of MR in col-
laborative learning is not yet well established.

At least two conceivable explanations of the role of MR in collaborative learning
can be advanced and are examined in the present research: first, the conceptualisation
of MR in collaborative learning in terms of forms and foci may differ from what has
been observed in individual learning since Flavell’s (1976) seminal research. Applying
merely the same conceptualization in collaborative learning as in individual learning
may be inadequate since both social and individual processes manifest in collaborative
learning (see Efklides, 2008). Second, the significance of the context in which MR in
collaborative learning takes place may influence research results. The context contains
specific characteristics such as the disciplinary subject (e.g. general science, veterinary
medicine, engineering), academic level (e.g. high school, university), and national cul-
ture (Finland, Australia, United States). As Jdrvenoja, Jarveld and Malmberg (2015)
highlighted, regulation in social learning situations is a unique combination of charac-
teristics of that situation and needs to be studied in relation to its context. In the present
study, forms and foci of MR are studied in relation to three diverse collaborative science
learning contexts in order to acknowledge contextual features.
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Conceptualisation of MR in collaborative learning in terms of forms and foci

The literature on MR in collaborative learning in the last decade has identified its mani-
festation in terms of different forms and foci as crucial elements of the learning process
(e.g. Grau & Whitebread, 2012; Ucan & Webb, 2015). The different forms of MR refer
to whose cognitive process is regulated and how the group is involved in the MR process
(see De Backer, Van Keer, & Valcke, 2015; liskala, Vauras, & Lehtinen, 2004; Malmberg,
Jarveld, & Jarvenoja, 2017; Ucan, 2017; Whitebread et al., 2009; Volet et al., 2017), while
the different foci refer to the level of cognitive activity (high, low) being regulated (cf.,
Grau & Whitebread, 2012; Iiskala et al., 2011; Khosa & Volet, 2014). To date however,
research on the relationship of forms and foci of MR to the quality of the group’s learning
outcome has not been comprehensively examined. The present study addresses this gap by
exploring this relationship in a systematic way, conceptually and methodologically, and in
diverse contexts.

Forms of MR in collaborative learning

Previous research has conceptualised and empirically examined several forms of MR
exploring the significance of regulation processes in collaborative learning (De Backer
et al., 2015; Tiskala et al., 2004; Malmberg et al., 2017; Volet et al., 2017; Whitebread
et al., 2009). These include: verbalised metacognitive self-regulation (VMSR; Volet et al.,
2017, the verbalised manifestation of a well-established concept in the literature on indi-
vidual learning, theoretically grounded in Brown, 1978 and Flavell’s, 1976 seminal work);
ignored MR (IMR; Molenaar, Sleegers, & van Boxtel, 2014); metacognitive other regula-
tion (MOR; Brown et al., 1983; Rogat & Adams-Wiggins, 2014; Whitebread et al., 2009);
and socially shared MR (SSMR; see e.g., liskala et al., 2015; Volet et al., 2013). Some
studies (e.g., De Backer et al., 2015; Grau & Whitebread, 2012; Ucan, 2017) have shown
that, for example, VMSR and SSMR play out differently in groups’ collaborative learning
processes. For example, Grau and Whiteberad (2012) showed a positive relation between
SSMR and discussion on relevant knowledge towards the learning goal. However, a similar
positive relation was not found between VMSR and the appearance of goal-oriented rel-
evant knowledge. These kinds of findings suggest that the significance of MR in collabora-
tive learning needs to be examined in its varied forms rather than as a single overarching
construct.

Verbalised metacognitive self-regulation (VMSR) in a collaborative learning setting
refers to observable evidence of a group member’s MR of their own learning despite
the joint effort. Importantly, VMSR is influenced by the presence of others in the group
(Volet, Summers, & Thurman, 2009a), meaning that individual self-regulation and
VMSR in collaborative learning differ from one another. In an individual context, self-
regulation has been shown to promote learning since the learner regulates his or her
own learning processes (e.g., Pintrich & De Groot, 1990; Wang, Haertel, & Walberg,
1990). In collaborative learning, VMSR has been observed to occur when an individual
(temporarily), despite collective enterprise, attends to his or her own thinking processes
rather than the group’s shared learning process (see Grau & Whitebread, 2012; Volet
et al., 2009b; Whitebread et al., 2009). These findings suggest that VMSR may not have
the same productive role in collaborative learning as metacognitive self-regulation has
in an individual learning, although a group member’s VMSR may trigger the group to
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engage in MR individually, and together (see liskala et al., 2004, 2011; Jarveld, Malm-
berg, & Koivuniemi, 2016). In addition, most metacognitive self-regulation is assumed
to be internal (i.e., not verbalised), and therefore not accessible to peers or researchers.
Hence, we use the term of verbalised metacognitive self-regulation in the present study
to make it explicit that we are only examining metacognitive self-regulation that is ver-
balised within a group setting. We acknowledge, however, that metacognitive self-regu-
lation can take place without being verbalised but it is difficult to observe it and its self-
regulatory influence or its benefits to peers. Using the concept of VMSR distinguishes
it from the concept of self-regulation which is usually used for individual learning (see
Schoor et al., 2015).

Ignored metacognitive regulation (IMR, a term coined by Molenaar et al., 2014) refers
to a group member attempting to monitor and regulate the group’s cognitive learning pro-
cess, but the other group members ignore the attempt, for example, ignoring a student’s
suggestion to evaluate the accuracy of the group’s conclusion (Molenaar et al., 2014). The
occurrence of IMR has rarely been considered in collaborative learning, but Molenaar and
colleagues provide important empirical evidence of IMR as dysfunctional MR activity dur-
ing collaborative learning. Similarly, Rogat and Adams-Wiggins (2014) found IMR to be
counterproductive in a group’s collaborative balance because it can be used as a vehicle
to exclude some members from the group effort, rather than to capitalise on the potential
capacity of each. In research with highly motivated undergraduate students in veterinary
medicine, Volet et al. (2017) found no evidence of IMR. These findings suggest that the
emergence of IMR during a collaborative learning activity may be significantly affected by
individual characteristics and learning setting.

Metacognitive other regulation (MOR) captures a social form of regulation, typically
found in the literature on cognitive scaffolding (although not always labelled with reference
to MR). MOR refers to the asymmetric metacognitive interaction between partners (liskala
et al., 2004; Whitebread et al., 2009) in which one partner’s learning is enhanced by the
activity of a supportive other (see Brown et al., 1983). In unstructured, student-led, col-
laborative learning, MOR occurs when a student spontaneously and temporarily scaffolds
another learner’s thinking processes (see liskala et al., 2004; Rogat & Adams-Wiggins,
2014; Whitebread et al., 2009). MOR s at its best when it facilitates other students’ contri-
butions toward high-level conceptual understanding, and supports the integration of varied
ideas and group members’ shared focus on the task (Mathabathe & Potgieter, 2017; Rogat
& Adams-Wiggins, 2014). In contrast, as shown in Mathabathe and Potgieter’s study, MOR
is less than optimal when it inhibits quality learning outcomes and promotes regulation at a
low cognitive level.

Finally, socially shared metacognitive regulation (SSMR) involves several group mem-
bers’ contributing to regulation of the joint cognitive activity. When regulated in a socially
shared way, the learning process involves at least two students’ regulatory involvement, as
they interdependently affect the course of the cognitive learning process (see liskala et al.,
2004, 2011, 2015; Volet et al., 2013). The socially shared nature of MR has been argued
to be crucial because it represents a genuinely collective effort to regulate the progress
of the group’s cognitive activity (liskala et al., 2004, 2011; Jirveld et al., 2013). Empiri-
cal research has shown that SSMR helps small groups develop a shared understanding of
the task, and sustain ongoing knowledge co-construction (Khosa & Volet, 2014; Ucan &
Webb, 2015).

In sum, identifying the manifestations of these different forms of regulation during col-
laborative learning by examining their respective significance in the groups’ learning out-
comes appears essential. Only a few studies have systematically examined the significance
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of different forms of MR during collaborative learning (e.g., Grau & Whitebread, 2012;
Malmberg et al., 2017; Ucan & Webb, 2015; Volet et al., 2017), and preliminary findings
suggest that each can have a different impact on groups’ collaborative learning processes.

Foci of social forms of MR on high- and low-level cognitive activity in collaborative
learning

Previous research (e.g. Grau & Whitebread, 2012; Khosa & Volet, 2014; Ucan & Webb,
2015) has indicated that the forms of MR cannot be separated from the focus of MR. In the
same way that different forms of MR may support (e.g., SSMR; Ucan & Webb, 2015; Volet
et al., 2017) or inhibit (e.g. IMR; Molenaar et al., 2014; Rogat & Adams-Wiggins, 2014) a
group’s collaborative learning, the focus of group members’ cognitive activity being regu-
lated should also be considered.

Prior research (e.g., Grau & Whitebread, 2012; Iiskala et al., 2011; Jérveld et al., 2013;
Khosa & Volet, 2014; Malmberg et al., 2015; Volet et al., 2013) has pointed to crucial dis-
tinctions between the levels of cognitive activity that the individuals and the group engage
in during collaborative learning. These different levels have been referred to as high- and
low-level cognitive processing (e.g., Volet et al., 2009a) or high and low level activity
(Khosa & Volet, 2014). High-level cognitive activity has been empirically identified when
the focus of the group was on elaboration and constructing meaning (Khosa & Volet, 2014;
Volet et al., 2009a); explaining relevant concepts, revealing a deep understanding (Jarvelda
et al., 2013), asking deeper-level questions requiring elaborated answers (Kempler & Lin-
nenbrink, 2006), or when directed at fundamental aspects of the task or knowledge (Grau
& Whitebread, 2012), or at articulating a misconception or making explicit a lack of under-
standing (see Ucan & Webb, 2015). In contrast, low-level cognitive activity has been iden-
tified when the focus was on simple acquisition of knowledge with no attempt at meaning
making (Volet et al., 2009a) or listing concepts without explanation (Jarveld et al., 2013),
or when it was on the practical, more contingent aspects of task production (Grau & Whi-
tebread, 2012; Khosa & Volet, 2014), or performing the task using routine strategies with-
out seeking conceptual understanding (liskala et al., 2011; Jarveld et al., 2013; Malmberg
et al., 2015).

Engagement in both high- and low-level cognitive activity has been identified in the two
social forms of MR, that is, in MOR and SSMR. For example, Mathabathe and Potgieter
(2017) found that the focus of MOR could be at high-level when conceptual understanding
is metacognitively regulated with explanation, but could also be at low level when students
present information without any justification to improve understanding. Grau and White-
bread (2012) and Khosa and Volet (2014) noted that SSMR could focus on regulating both
high- (i.e., fundamental knowledge, task concepts; conceptual understanding) and low-
(i.e., practical, organisational aspects of task production; identifying, collating knowledge
and task information) level cognitive activity. Similarly, in mathematical learning, Iiskala
et al. (2011) found that SSMR could also be applied to low-level, even incidental and irrel-
evant matters, moving away from understanding the core learning problem.

In turn, engagement in MR with a focus on high- or low-level cognitive activity has
been found to differ between less and more successful outcome groups (Jarvela et al., 2013;
Khosa & Volet, 2014; Malmberg et al., 2015; Volet et al., 2013). In Khosa and Volet’s
(2014) study, the most and least successful groups did not differ regarding the proportion
of their MR overall, but in terms of their regulatory focus on high- or low-level cogni-
tive activity. The most successful outcome groups displayed a substantial amount of SSMR
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focusing on high-level cognitive activity, such as knowledge co-construction, revealing
sustained attempts to develop shared conceptual understanding. In contrast, the SSMR
displayed by the least successful outcome group tended to be applied to low-level cogni-
tive activity, such as co-production of task deliverables: for example, discussing what was
expected without any explicit conceptual association. The authors concluded that SSMR
alone could not explain high-level scientific learning outcomes.

Similar findings were reported in Jarveld et al.’s (2013) study, in which the group that
jointly regulated its high-level cognitive activity succeeded in the collaborative task, while
the group that concentrated simply on task performance, neglecting regulation of deeper
understanding or progress (i.e. low-level focus) showed only slight improvement, and did
not perform as well. Similarly, Malmberg et al. (2015) found that low-performing groups
regulated the external aspects of collaboration (i.e. low-level cognitive activity) or did not
activate regulation at all. In contrast, high-performing groups adapted their regulation to
the needs of the task and collaboration, and regulated, for example, their cognitive chal-
lenges (i.e., high level). In sum, there are several indicators that the focus of MR differs in
less and more successful outcome groups, and that it is the case for both MOR and SSMR.
Taken together, these findings call for the design of investigations on the significance of
MR that also account for the co-occurrence of forms and foci during collaborative learning
in diverse learning contexts, using the same conceptualisation of MR (in terms of forms
and foci), and the same rigorous methods of data analysis.

Significance of context in studies of MR in collaborative learning

To date, the significance of context in research on MR in collaborative learning has not
attracted much theorising nor systematic literature reviews. While contextual characteris-
tics have been shown to contribute to how regulation manifests in collaborative learning
processes (Jarvenoja, Jarveld, & Malmberg, 2015), the majority of studies of MR dur-
ing collaborative learning have been conducted in a single learning setting with a single
population. From a methodological perspective, comparisons between settings are hin-
dered by the variety of analytical methods used (see Hadwin & Oshige, 2011; Panadero &
Jarveld, 2015; Volet & Summers, 2013; Volet et al., 2013). As Whitebread et al. (2009) and
Mathabathe and Potgieter (2017) point out, coding MR involves inference. Thus, in differ-
ent contexts, different criteria for MR can be set. Indeed, researchers have identified that
these issues lead to difficulty of generalising research findings (see Panadero & Jirveld,
2015; Schoor et al., 2015; Volet et al., 2009b).

From a theoretical perspective, contextual variables are often considered in isolation.
A contextual variable might be participants’ ages such as studies with very young chil-
dren (e.g., Whitebread et al., 2009) or university students (e.g., Jarveld et al., 2013; Malm-
berg et al., 2015). Another contextual variable might be competence level (see Panadero &
Jarveld, 2015), addressed by including participants of various ability levels (e.g., Grau &
Whitebread, 2012; Janssen et al., 2007; Rogat & Adams-Wiggins, 2014), examining groups
with higher and lower performance (e.g., Schoor & Bannert, 2012), or simply, high-achiev-
ers (liskala et al., 2011). A third contextual variable is disciplinary subjects such as science
(Grau & Whitebread, 2012; Rogat & Adams-Wiggins, 2014; Zheng, Xing, & Zhu, 2019),
engineering (Nguyen et al., 2021), mathematics (Iiskala et al., 2011), statistics (Schoor &
Bannert, 2012), medicine (Lajoie & Lu, 2012), education (Jarveld et al., 2013), or history
(Janssen et al., 2007). In summary, contextual variables such as age (e.g., Vukman, 2005),
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academic level (e.g., Veenman & Elshout, 1999) and discipline (e.g., Dori, Mevarech, &
Baker, 2018) have been suggested to influence activation of MR in learning.

Furthermore, other characteristics related to learning activity within the context, such
as task characteristics and students’ prior knowledge or expertise, also contribute to the
manifestation of MR. For example, the contextual characteristics of a task are linked to the
context in which the task is embedded. Features of the task, including familiarity or com-
plexity, may impact students’ MR. Unfamiliar tasks have been shown to trigger question-
ing, thinking, and reasoning, and familiar tasks more cumulative reasoning (Sockalingam
& Schmidt, 2013). In collaborative learning, complex and meaningful tasks, in turn, have
been found to provide opportunities to collaborate, thus promoting regulation of collabora-
tive learning (DiDonato, 2013). Thus, more complex problems have been shown to trig-
ger more SSMR focusing on high-level cognitive activity than easier tasks (Iiskala et al.,
2011).

Students’ expertise is similarly related to context. For example, Khosa and Volet (2014)
found that a group of veterinary students whose outcome performance was closest to that
of the experts metacognitively regulated more co-construction of knowledge (i.e. focus on
high-level cognitive activity) than the least successful group. This finding is consistent with
other evidence that associates development of expertise with metacognitive skill (Veenman
& Elshout, 1999). However, this association is not always straightforward. For example,
Boshuizen and Schmidt (2008) revealed that experts in a medical context displayed the
least regulation of their problem solving, presumably because of their professional fluency.
Hence, the role and amount of MR displayed by experts depends on context-related task
demands. Similarly, Malmberg, Jérveld and Kirschner (2014) showed that more success-
ful outcome students in elementary school science thought carefully about how to proceed
in more complex tasks and, as a result, actually used fewer strategies than less successful
students.

Taken together, and in line with Jarvenoja et al. (2015), contextual variables (age, aca-
demic level, discipline) and characteristics of learning activity (task characteristics, student
expertise) are seen to contribute to the learning processes and the ways how MR is acti-
vated in those processes. These features are interrelated and linked within a collaborative
learning context where MR occurs (see Jiarvenoja et al., 2015). Thus, in the present study,
we adopted a holistic, situative perspective of context, positing that a learner’s behavior
within the collaborative group is inseparable from the social context in which the learn-
ing takes place (Engestrom, 2001; Greeno, 2006; Johri, Olds, & O’Connor, 2014), includ-
ing the social processes (e.g., the interactions between student and instructor) complete
with their own set of rules (e.g., classroom expectations, academic policies). Of course, the
social processes and rules are influenced by the broader cultural norms in which the col-
laborative learning takes place (Wenger, McDermott and Snyder 2002). While characteri-
zation of such cultural norms is beyond the scope of this study, we used contexts in three
countries on different continents as a proxy for varying cultural norms. Thus while contex-
tual characteristics such as academic level, disciplinary subject, and national culture can
contribute to context, it is in their plurality where the learning and regulation occur (i.e.
high school science in Finland, university veterinary science in Australia, and university
engineering in the United States).

In light of the research cited above, we believe that understanding MR in collaborative
learning can be advanced through investigations of MR in diverse learning contexts, with
operationalisation of MR and analytical methods that are consistently and rigorously the
same. This need motivated the present study.
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Aim of the study and research questions

The overall aim of this exploratory study was to characterize the extent to which less and
more successful outcome groups used MR processes to guide their learning in challeng-
ing science tasks. Specifically, we systematically investigated MR displayed by the groups
in terms of different forms and foci of MR in three diverse collaborative learning con-
texts. Another aim was to validate a common theoretical and methodological approach.
Correspondingly, we sought to study three science learning contexts that were diverse.
We selected three contexts that differed in disciplinary subject (general science, veterinary
medicine, engineering), academic level (high school, university), and national culture (Fin-
land, Australia, United States), as these would provide sites where the learning contexts
inevitably vary.

Due to the scarcity and fragmented nature of research on MR’s forms and foci across
contexts, hypotheses were not set; rather we asked the following research questions:

RQ1 Forms of MR: in each of three diverse contexts, how do forms of MR differ in the
less and more successful outcome groups?

RQ2 Foci of MR: in each of three diverse contexts, what differences are evident in the
foci of MR in the less and more successful outcome groups?

RQ3 Forms x Foci of MR: in each of three diverse contexts, what is the interplay of the
social forms (including MOR and SSMR) and foci of MR in the less and more successful
outcome groups?

Method
Participants, sampling and collaborative learning contexts

The present study consists of datasets from three diverse collaborative learning contexts:
2nd-year senior high school, advanced general science in Finland; 2nd-year university,
Bachelor of Science veterinary medicine in Australia; and 4th-year university, Bachelor
of Science engineering in the United States. Two groups were studied from each context,
one of lower quality outcome (less successful) and one of higher quality (more successful).
Video- or audio-recorded collaborative learning processes of the six selected groups were
analysed. In the current section, first, the common sampling method is described. Next,
each context is described including a brief description of that context, selection of the less
and more successful outcome groups and the segments for in-depth analysis.

First, from each context, the less and the more successful outcome groups were selected
from a larger sample of groups based on the group’s collective outcome. Quality of the
group’s collective outcome—rather than individual student outcomes—was used as the
selection criterion for the analysis since research literature on collaboration (e.g. Dillen-
bourg, 1999; Roschelle & Teasley, 1995) regards a groups’ shared goal as central to collab-
oration. In the present study, valuable collaborative learning was seen as meaning-making
and co-construction of knowledge so that learners aim to build a common understanding
on each others’ view (Hargreaves, 2007; Khosa & Volet, 2014) towards a common goal
(Dillenbourg, 1999; Roschelle & Teasley, 1995). All tasks in the present study used this
principle, that is, students worked towards a single shared production of the problem. Fur-
thermore, the manifestation of social forms of MR, especially SSMR, presupposes the
existence of a group’s common goal (see e.g., Hadwin & Oshige, 2011; liskala et al., 2011;

@ Springer



Significance of forms and foci of metacognitive regulation...

Schoor et al., 2015). Hence, groups’ collective outcome reflected the desired learning as
has been suggested in valid assessment (see Dillenbourg, 1999; Hargreaves, 2007).

Second, the selected groups’ collaborative learning processes were analysed in depth. In
all contexts, small groups of students completed a collaborative science learning activity,
designed as part of their respective course curricula, whose goal was to produce a tangible
outcome as a group. All three activities were designed to create opportunities for students
to engage productively in the task to gain a deeper understanding of scientific concepts and
practices, as well as to present students with new challenges (Koretsky et al., 2019; cf.,
Engle, 2012). This design aligns with the recommendation from early metacognition schol-
ars that research on MR should be undertaken in ‘real world’ contexts in order to maximise
ecological validity (Brown, 1978). A summary of the key features of each context includ-
ing a description of the group work (see “Appendix 1) and groups (see “Appendix 2”) is
provided (see also Koretsky et al., 2019).

In each context, segments of the chosen groups’ collaborative learning processes were
selected by experts with both education and content knowledge (biology and chemistry,
veterinary science, and engineering). For each group, two distinct, meaningful, and self-
contained interaction segments (of approximately 10—16 min) were identified to strengthen
the validity of the study (e.g., Grau & Whitebread, 2012). Segments were selected based on
two criteria: First, they were crucial to task performance and completion. For each context,
segment 1 focused on planning and scoping and segment 2 on generating a communica-
tions artifact. Context segments included: planning the scientific research (segment 1) and
presenting conclusions from the experiment (segment 2) for Finnish high school science
students; generating learning objectives (segment 1) and constructing a concept map (seg-
ment 2) for 2nd-year Australian university veterinary science; and scoping a problem (seg-
ment 1) and preparing a design memorandum (segment 2) for 4th-year American univer-
sity engineering groups. Second, answers were not straightforward but demanded students’
collaboration. Segments, rather than the entire interactive processes, were analysed, which
ensured that the selected segment lengths were similar across groups, and made systematic
and in-depth data coding manageable. The selection of segments for in-depth analysis was
also supported by the finding of no statistical differences in cognitive activity between seg-
ments for each group where the same data as used in this study was analysed from a cogni-
tive perspective (see Koretsky et al., 2019).

Participation was voluntary, and signed consent for recording of group work was pro-
vided by the students (or legal guardians of students under 18 years of age). Data were
anonymised and all material was stored according to the regulations of each country. Ethi-
cal principles were stringently followed, in accordance with national guidelines (Finland,
Australia, and the United States).

Context 1: Senior high school general science in Finland
Small groups of students (Ngygens=120) between the ages of 16 and 18 worked on
advanced-level science content in a virtual collaborative learning environment integrating
biology and chemistry. During the three sessions ranging from 75 to 95 min, the groups
(Ngroups =39) conducted a scientific experiment according to the phases of scientific
research: (1) Planning, including generation of a hypothesis and experiment, (2) Experi-
mentation, and (3) Conclusions, including analysing results based on the experiment and

preparing a joint presentation.
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The group’s collective outcome was a joint presentation that was assessed on a scale
of 1-6 by experts in biology and chemistry based on quality of scientific language,
hypotheses, research plan, and conclusions. The less successful outcome group’s col-
lective presentation was given a score of 1, and the more successful outcome group’s
presentation a score of 5. The selected groups received extreme scores out of 39 groups
of 2—4 students and all students were present in all sessions. Both selected groups con-
sisted of three female students.

Two video-recorded interaction segments of the overall task from the phases of sci-
entific research 1 (Planning) and 3 (Conclusions) were selected for analysis from the
both the selected groups.

Context 2: University 2nd-year veterinary science in Australia

Collaborative case-based clinical assignments were part of a mandatory second year
physiology unit. The age range of the students (Ngygens=63) varied mostly between
19 and 25 years. Students working in small groups (Mg, =11) were tasked with set-
ting their group’s key learning objectives related to randomly assigned real-life clin-
ical cases, researching case content, constructing a case concept map based on their
research, and producing a class presentation. Each group had two scheduled meetings
with the teacher to provide guidance, and were otherwise free to meet outside normal
class time as often as they needed to complete their work.

The groups’ collective outcomes were concept maps assessed through a calculation
of percentage of agreement with experts’ maps. Selected concepts and links between
them (associative or causal) were assessed. The less successful outcome group’s per-
centage agreement with the experts’ map was 56% and the more successful outcome
group’s 92%. The selected groups received extreme scores out of 11 groups of 5-6 stu-
dents. The selected less successful outcome group consisted of five females and one
male, and the more successful outcome group was made up of four females and one
male student.

Data for this context were video recordings of the groups’ interactions for two inter-
action segments of the overall task from two phases (generating learning objectives and
constructing a concept map of a clinical case).

Context 3: University 4th-year engineering in the United States

The collaborative assignment the students (Ng,gens =64) were tasked with, the Virtual
Chemical Vapor Deposition (VCVD) process, is aimed at forming a bridge between uni-
versity studies and industry through the adoption of processes and objectives akin to
professional practice. The age range varied mostly between 21 and 25 years. The stu-
dent groups (Ng,q,, =22) had to develop a “recipe” of input parameters for an industrial
reactor, taking into consideration constraints typical to real-life settings. Each group had
three scheduled project meetings with the project supervisor, and were free to meet as
much as they needed to complete the work.

As the group’s collective outcome, the grade given by the project supervisor of
the group’s memorandum was on a scale of 0—10. The less successful outcome group
received a score of 8 and the more successful outcome group a score of 10. This was
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the largest difference in grade within the cohort of available data from 22 groups of 2-3
students. Both the less and the more successful outcome groups consisted of two males
and one female.

Audio recorded meetings during which groups undertook their initial information gath-
ering and problem scoping, and prepared their design memorandums, were analysed.

Data for coding cognitive activity and MR

Data for this study were transcribed video or audio recordings of the selected less and more
successful outcome groups’ interactions for two interaction segments of the overall task.

Coding cognitive activity and MR

Across learning contexts, the groups’ verbal interactions formed the basis of the analyses,
but were complemented by non-verbal communication (available in high school and veteri-
nary data), such as directions of gazes. First, cognitive activity (see Koretsky et al., 2019)
was analysed (off-task, low-level, and high-level) based on Volet, Summers and Thurman
(2009a) and Khosa and Volet (2014). Second, MR was analysed based on liskala et al.,
(2004, 2011, 2015) and Volet et al. (2017) and further developed in this study in terms of
no MR, VMSR, IMR, MOR, and SSMR. The coding categories, including examples from
each context, are described in Table 1 (cognitive activity) and Table 2 (MR). In cognitive
activity and MR analysis, each “turn,” a student’s speech act that continued until another
student began to speak, was coded. To code a turn as SSMR, at least two interconnected
turns had to be coded as such (see Table 2).

Inter-rater reliability

Cognitive activity and MR were coded by two researchers who acted as interraters across
all contexts. To increase validity, the coders were different scholars than those who selected
the less and the more successful outcome groups and the segments to be coded, and there-
fore did not know which group had the less or more successful outcome. In each case,
the principal coder was a native speaker of either American or Australian English for the
university contexts, or Finnish for the high school context, in which case all data for coding
was translated into English for the purpose of inter-rating. All coders had detailed tran-
scriptions of interactions and access to video/audio-recordings. After the principal coder
had completed the coding in a particular context, the interrater assessed a minimum of
20% (20-26%) of selected data from each context for the less and more successful outcome
groups and for both segments. Inter-rated reliability was assessed in both foci of MR (low-
or high-level cognitive activity) and different forms of MR (VMSR, IMR, MOR, SSMR)
separately in each context. The values for the number of inter-rated turns, the agreement
percentage, and Cohen’s kappa in foci (“cognitive activity”) and forms of MR (“MR”) per
context are shown in Table 3. Regarding both cognitive activity and MR, inter-rater reli-
ability was at least substantial (see Landis & Koch, 1977, p. 165). There were only minor
disagreements, the most common being between MOR and SSMR, which were resolved
through discussion.
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Table 4 Coded data: all data,

1 .- - d Context Finnish Australian American Total
a cognmlv? act1v1tly » an MR senior high 2nd-year 4th-year
;neta.co(g}pjglve reigu at} on (MR) school gen-  university university
ata m different learning contexts eral science  veterinary engineering
for less (LS) and more (MS) science
successful outcome groups
Group LS MS LS MS LS MS

All coded data
No. of turns 303 239 519 552 275 221 2108
All turns of

cognitive

activity

Low level 273 175 469 356 139 152

High level 30 64 50 196 136 69
All MR data

f 61 79 102 154 112 75

% of all data® 20.1 33.1 197 27.9 407 339

*Frequencies of MR turns of all coded data

®Percentages of MR of all coded data

Data for analysis

For analysis, off-task behaviour was omitted, including 25 turns (4.4%) out of 567
turns in high school science, 114 (9.6%) out of 1185 turns in 2nd-year university vet-
erinary science, and 52 (9.5%) out of 548 turns in 4th-year university engineering.
Table 4 presents the total number of coded turns, total number of turns at the low- and
high-cognitive activity level, and the number of turns coded with MR and the corre-
sponding percentage of MR relative to total turns for less and more successful outcome
groups in all three contexts. Since the students in the Finnish high school science and
the university engineering groups in the American context also interacted with a com-
puter, the number of verbal turns is lower than for the veterinary groups.

The focus of MR was classified according to cognitive activity (see Tables 1, 2).
The focus of MR was categorized as high if the turn was classified as high in the cog-
nitive activity coding. Conversely, the focus of MR was classified as low for turns clas-
sified as low in the cognitive activity coding. For example, in the Finnish senior high
school general science setting, the focus of VMSR was classified as high for the turn
“I don’t really understand” which was classified as high in cognitive activity coding
(in the broader transcript, this student refers explicitly to understanding the conceptual
issue at hand) and as VSMR in MR coding. As another example from the same con-
text, the student’s question of meaning making such as “Why do we need pH values?”
was classified as high level cognitive activity and as IMR (no response, in which case
the turn remained as an individual’s effort to regulate) in which case the focus of IMR
was high. Further, MOR’s focus, for example, on low level cognitive activity appeared
when the student regulated another student’s thinking process in the American 4th-
year university engineering context: “Yeah. ‘Cause you multiply that by density.” In
the example, factual information was shared as an indication of low level cognitive
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activity. Finally, SSMR’s focus is exemplified with Australian 2nd-year university vet-
erinary science context among three students’ regulation as follows: Student 2: “No
but wouldn’t this [serum bile acids] show that” (focus high as meaning making with
conceptual linkage), Student 1: “... Didn’t that show that” (focus still high), Student
6: “I'd put that over here because it’s a test isn’t it?” (Focus low as turn focusing on
academic deliverable). Thus, in SSMR the focus could change between high and low
cognitive level from turn to turn.

Results

The MR displayed by less and more successful outcome groups, in terms of MR’s forms
and foci, was examined in the three diverse collaborative learning contexts. Concerning
RQ1 and RQ2, percentages and frequencies of MR results are presented in Table 5. In RQ3
qualitative illustrations are provided.

Forms of MR: Differences in forms of MR in the less and more successful outcome
groups

Specific forms of MR were divided into two categories: social (including MOR and
SSMR) and individual (including IMR and VMSR; see details and examples, Table 2).

Table 5 Forms, foci, and forms X foci of MR in the different learning contexts for the less (LS) and more
(MS) successful outcome groups

Context Finnish Australian ~ American  Finnish Australian American
senior high 2nd-year 4th-year senior high ~ 2nd-year 4th-year
school university university ~ school gen-  university university
general veterinary ~ engineering eral science  veterinary engineering
science science science

Group LS MS LS MS LS MS LS MS LS MS LS MS

All MR turns 61 79 102 154 112 75

Forms of MR Turns of MR Percentage of forms of MR out of all

MR turns

SSMR 15 30 94 141 99 64 246 380 921 916 884 853

MOR 33 46 2 7 10 11 541 582 19 4.5 8.9 14.7

IMR 13 2 0 0 2 0 213 25 0 0 1.8 0

VMSR 0 1 6 6 1 0 0 1.3 59 39 0.9 0

Foci of MR Turns of MR Percentage of MR of high- and low-level

cognitive activity out of all MR turns

Low level 41 25 83 48 30 37 672 316 814 312 268 493

High level 20 54 19 106 82 38 328 684 186 68.8 732 50.7

FormXxFoci of MR Turns of MR Percentage of social MR on high and low

cognitive levels out of all MR turns

SSMR-Low 9 0 77 41 28 35 147 0 755 266 250 46.7

SSMR-High 6 30 17 100 71 29 9.9 379 1677 649 634 387

MOR-Low 25 23 1 2 1 2 409 29.1 13 1.3 0.9 2.7

MOR-High 8 23 1 5 9 9 131 29.1 1.3 32 8.0 12.0
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Overall, both less and more successful outcome groups manifested more social than
individual forms of MR in all three contexts (Table 5, “Forms of MR”). MOR com-
prised the majority of social MR turns of both the less and more successful outcome
high school groups. Alternatively, SSMR comprised the majority of social MR of both
less and more successful outcome groups in both 2nd-year Australian university veteri-
nary science and 4th-year American university engineering groups. The individual MR
turns for Finnish high school science students were mostly IMR, especially concerning
the less successful outcome group; for 2nd-year Australian university veterinary science
students VMSR in both less and more successful outcome groups; and with very little
of either (IMR or VMSR) among 4th-year less successful outcome American university
engineering group and totally absent among the more successful outcome group.

Foci of MR: Differences in the foci of MR in the less and more successful outcome
groups

Groups’ cognitive activity was evident at two levels (low and high), which distinguished
students’ depth of engagement with the scientific content, measured, for example,
through extent of justifications or explanations (see Table 1). Table 5 (“Foci of MR”)
shows the number of MR turns of low- and high-level cognitive activity for each con-
text. Compared to more successful outcome groups, the MR of less successful outcome
groups of Finnish high school science and Australian university veterinary students was
focused more on low-level cognitive activity. The opposite was true for the American
university engineering students, with the less successful outcome group showing evi-
dence of more high-level cognitive activity MR, and the more successful outcome group
equally regulating both high and low levels of cognitive activity.

Forms x foci of MR: The interplay between forms and foci of social MR in the less and
more successful outcome groups: qualitative examples illustrating differences
in actual group interactions

Table 5 (“FormXxFoci of MR”) presents the frequency of each form of social MR
(SSMR and MOR) and the percentage relative to total MR turns for each context at
the same level of cognitive activity (i.e. focus of MR) and the group’s outcome quality.
We do not report individual MR values because these values were relatively small (see
Table 5). As can be seen in Table 5, the Finnish high school science students showed
both MOR and SSMR, with the less successful outcome group exhibiting more MOR
and SSMR of low-level cognitive activity, and the more successful outcome group a
similar amount of MOR of high- and low-level cognitive activity focusing all SSMR
on high-level cognitive activity. In contrast, both the Australian university veterinary
science and American university engineering student groups showed SSMR predomi-
nantly, but SSMR in terms of foci differed in a meaningful way. The less and more suc-
cessful outcome groups of veterinary science students had distinctively different foci
of MR, the less successful outcome group regulating their low-level cognitive activ-
ity more and the more successful outcome group their high-level cognitive activity
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more. Interestingly, an opposite, though less striking manifestation of SSMR’s foci was
observed for the engineering students.

The findings regarding the interplay of forms and foci of MR are illustrated in quali-
tative examples of students’ verbal interactions. The examples contrast how social MR
manifested in students’ verbal interactions among the less and more successful outcome
groups in each context. The examples are taken from the same segments of the groups’
processes in which case it is possible to mirror the less and more successful outcome
groups with each other, especially, how the groups metacognitively steer their collabo-
rative learning process. This analysis provides deeper insights into the interplay of MR’s
forms and foci among the different outcome groups and contexts.

Senior high school general science in Finland

As shown in the above results, the Finnish high school science students’ social MR was
manifested both in a form of MOR or SSMR in both groups. However, important quali-
tative differences occurred concerning the longer MR processes. Although the less suc-
cessfully performing group’s MOR was typically at the high cognitive activity level, it
was intertwined with SSMR turns and fluctuated between high and low cognitive activ-
ity as the following typical excerpts demonstrate.

In the beginning, when trying to form hypotheses, the less successfully performing
group focused SSMR on the high cognitive activity level, and the discussion shows how
the students tried to understand the relationship between pH and temperature: “What
do we assume?” As a reaction to this question, another student raised the issue of that
relationship: “I don’t know because there was inconsistency that first, it was said that
pH effects but then, that temperature more because if temperature was low...” then con-
tinued thinking and after a while, said, “...it was noted that when it [pH] was low, it was
depending on temperature.” Another student then joined the thinking process: “Hmm,
if it is that pH and temperature so maybe temperature more because...” However, the
focus on high-level cognitive activity was not sustained, and the group resumed low-
level metacognitive other regulation (MOR). Upon reaching an impasse, the group typi-
cally drifted into regulating low cognitive activity and single issues, and regulating fac-
tual information (MOR), as indicated by the question, “How did it go, was it, how, when
was more?” and its reply, “Twenty degrees was negative.” As a consequence, the group
demonstrated no clear picture of pH either in the form of a written hypothesis or conclu-
sion. Throughout the learning activity, the group often regulated their lack of knowing,
but without leading to the successful co-construction of knowledge that had character-
ised the group’s SSMR. Less powerful MR in this group was further highlighted with
their IMR. For example, when one student asked, “Why do we need pH values?” nobody
responded; IMR was not helpful to the group’s learning processes.

A different picture emerged from the more successful outcome group. Similar to the
less successful outcome group, this group also tried to interpret the given information
on which to build their hypotheses, and admitted to not knowing the importance of pH.
However, unlike their less successfully performing counterparts, students in the more
successful outcome group reacted to their initial admission of uncertainty and lack of
knowing by attempting to co-construct why pH could be important (SSMR), as follows:
“Why is pH important?” followed by “so pH is, I don’t know,” and “But what things
are included in it [pH],” then moving to possible explanations such as, “It has an effect
on which [organisms] can live there [in the Baltic Sea], doesn’t it?” Throughout the
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discussion, fluctuating between SSMR and MOR, different students participated in reg-
ulation and expressed it by consistently mirroring what they knew, for example: “We
know what it means so we can proceed’ and “What do we know about...” or what they
did not need to know: “We don’t need to know.” At the end of the learning activity,
the group compared its hypothesis to the findings of the experiment: “So, our hypoth-
esis one was wrong because...” The group did not just state that their hypotheses were
wrong, but also wanted to know why: “...why does it go this way?” indicating high-
level cognitive activity once again.

In sum, the qualitative examples of the Finnish high school science student groups
show how similar kinds of questions and problems (such as “Why is pH important?”)
led to different manifestation of MR. The most significant difference is that the less suc-
cessful outcome group’s social MR only briefly focused on high-level cognitive activity,
flitting from one issue to the next. The more successful outcome group’s MR focused
instead at a high cognitive level for longer periods, social MR being present throughout
the process (e.g., MR focus during 16 consecutive turns on high-level cognitive activity
turns vs. 3 turns maximum in the less successfully performing quality outcome group).

University 2nd year veterinary science in Australia

As reported above, both the less and more successful outcome veterinary student groups’
social MR was dominated by SSMR, with minimal MOR. Groups were clearly differenti-
ated, however, by the foci of their respective SSMR. Typically, the less successful outcome
group jointly regulated procedural matters and low-level cognitive activity, while the more
successful outcome group regulated its high-level cognitive activity aimed at achieving a
collective, deep understanding of its case.

The difference in foci of their social MR was evident in the groups’ first meeting, when
they examined the file notes of their respective ‘real-life’ cases, in order to generate their
learning objectives and determine what to research. In the less successful outcome group,
in addition to a procedural focus on what they would need for the presentation of their
case, there was more ‘ready agreement’ within their SSMR. For example, as they perused
the case notes: “Increased bile acids cos the liver’s not detoxifying properly, same with, oh
but low urea, low protein,” was responded to with “Yeah we need to look into that I think...
Why the urea would be low, and with the Ascites,” with a third student adding, “Also, we
need to learn...maybe although we don’t talk about the whole thing in the presentation,
maybe that is something... need to understand,” to which the group readily agreed.

In contrast, at the same stage of the process, the more successful outcome group did not
talk about the class presentation, but focused on understanding the case. This is exempli-
fied in the following SSMR with a high-level focus, where they too, upon reading the case
notes, identified phenomena to ‘look into’: “Yeah. It’s 7 g per litre so this is where it’s get-
ting really confusing is because an increase in protein without there being some kind of
haemolyser... indicates that there is a decrease in water because your concentrations have
increased. But if there’s a decrease in water how did you get hypertension? That’s what
we’ve gotta...” with which two members briefly agree, with another responding: “Yeah
that’s what I was thinking. Yeah does more protein just mean more water?” A fifth student
added, “So perhaps we need to look into hypertension.”

The recurrence of similar interaction emerged in the two groups’ concept map activity,
when they considered which of the provided concept cards could be ‘wildcards,’ irrelevant
to their case. In the less successful outcome group, after two students agreed that “dogfight
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can go off...”, another student challenged this by saying, “But dog fight could be a cause.”
While one student agreed, the original student countered, “But it’s not in our case we don’t
know what the cause is.” Two other students agreed, and the original challenger closed
the discussion, saying, “Just put it to the side for now.” This excerpt shows a brief SSMR
at a high level triggered by a challenge, but ending quickly after the counter challenge,
and a decision made without discussion. In contrast, the more successful outcome group
typically engaged in long episodes of SSMR at a high level throughout the activity, with
members constantly responding to each other’s input. It started with the consideration of
possible ‘wildcards’: “Weight loss and anorexia were not factors in this case,” responded
to with, “but they can be factors of...” and another student challenging: “But can they be
Jactors?” which led to further speculation, such as: “Maybe they’re factors of hyperthyroid-
ism” and “not the Anorexia but the weight loss. Anorexia.” Many SSMRs in this group
involved questioning and argumentation. For example: “Azotaemia would cause weight
loss?” was responded to with, “yeah” followed by “Nooo” (emphatically drawn-out); then,
“why not?” and in response, “Because the Azotaemia doesn’t like burn up calories the Azo-
taemia just makes them sick” and so it continued until they reached consensus, and only
then proceeded with the linkage of cards.

University 4th year engineering in the United States

Like the Australian university veterinary science students, the American university engi-
neering students displayed predominantly SSMR, and IMR or VMSR minimally. Unlike in
the veterinary science student groups, though, there were some instances of MOR, mostly
focusing on high-level activity and minimally directive. For example, in the more success-
ful outcome group, one student walked the group through flow rate calculations: “We, I
calculated the volume of silicon nitride that will be deposited...” In the less successful out-
come group, MOR came from several members. For example: “And then is that with refer-
ence are we doing an average volumetric flow rate or an average of other values?” was
responded to with “I mean, we’re not. I'm just using... I don’t know. We just assume that
this would be... good but yeah we definitely gonna have to do...” Both groups’ MOR was
less procedurally directive, and mostly in the high cognitive realm, as the groups ques-
tioned, explained, and justified their calculations, which is further illustrated in this exam-
ple from the less successful outcome group: “I was saying that uh I'm have some concern
for is the um, estimated reaction rate because those are based off of the different param-
eters that uh like an average of their parameters is that within the parameters that we’re
doing?”

Early in the process, and for both MOR and SSMR forms of social MR, there was evi-
dence in students’ interactions of frequent efforts to reach collective understanding within
the less successful outcome group, and of a level of acceptance of each member’s contribu-
tory knowledge within the more successful outcome group, which seemed to reduce the
need for SSMR.

The following SSMR example from the less successful outcome group illustrates a
debate based on a fundamental assumption about how to approach one of the chemical
reactions—whether to assume it occurs instantaneously or to calculate a rate constant—
with one member invoking their interpretation of the information provided by the course
instructor: “If K2 is much faster than KI” was responded to with “So that’s something we
need to calculate,” and a third student asking, “K2? Where is K2?” A student then referred
to the instructor as a source of authority, saying, “No, he said that, he told us in class that it
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was, the second reaction is near a hundred (percent) complete. He said we could calculate
it, but it’s he pretty much told us we didn’t have to,” which was responded to with, “Yeah
but the question is how fast it happens,” to which the previous student added: “No, I think
he was talking about whether or not the reaction went to completion.” This episode pro-
ceeded for six more turns of SSMR, as the group collectively interacted with scientific con-
tent and tried to develop a shared understanding that would help them agree on a solution.

In contrast, in the more successful outcome group, there was evidence of smooth social
MR of a collective understanding early in the process as information was gathered, and a
sense of building efficiently on one another’s contributions. This point is illustrated in the
following SSMR episode: “Geez. 0.2 Torr” was responded to by “That’s really low” then
“Stress. Is that something we have to worry about?” to which another student responded,
“Uh, I don’t think so. I think we’ll be fine” which is agreed upon with some further think-
ing: “Hmm. Alright. Hmm. Yeah, when—we’re gonna have not uniform temperature any-
ways, so...”

In sum, the American university engineering students’ social MR was characterised by
a dominance of SSMR in both less and more successful outcome groups, but to a greater
extent in the less successful outcome group as they were working to make sense of the
complex task. In the more successful outcome group, students were typically able to build
on each other’s seemingly better understanding of the underlying concepts, with conse-
quently less need to engage in as much SSMR.

Discussion

This study examined the extent to which less and more successful outcome groups use MR
processes, particularly forms and foci, to guide their learning during challenging scientific
tasks. The research design included three diverse collaborative learning contexts, across
which we systematically applied the same conceptual and methodological approach. In all
three contexts, the group tasks were designed using the same guiding principles in order to
provide groups with the opportunity to form a deeper understanding of scientific concepts
and practices (Engle, 2012; Koretsky et al., 2019). However, the contexts, as characterized
by academic level, disciplinary subject, and national culture, all differed.

The first main contribution of this study was to reveal that MR, in terms of its form and
foci, manifests differently in less and more successful outcome groups’ learning processes
in three diverse contexts. Previous research on the relationship between different forms and
foci of MR and their relation to learning outcomes in a collaborative learning context is
scarce. From its outset, the metacognition research tradition was based on the idea that
the emergence of metacognition leads to successful learning outcomes (see Brown, 1978;
Flavell, 1976). However, as the findings of the present study suggest, this idea does not
completely pertain to collaborative learning where the concept of MR manifests as both
individual (VMSR and IMR) and social (MOR and SSMR) processes (Efklides, 2008).
Thus, the present study contributes to a better understanding of the interplay of MR, par-
ticularly its forms and foci, and learning outcome in collaborative learning. This under-
standing highlights the importance of context. The present study, therefore, provides initial
insight into the role of context in studying MR in terms of its forms and foci in collabora-
tive learning.
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The second main contribution was to demonstrate that a uniform conceptualisation of
MR and related analytical tools can be successfully applied to examine different contexts
of collaborative scientific learning. Since MR is typically studied in a single collaborative
learning context, and different studies use different conceptualisations of MR (see Schoor
et al., 2015), and a range of analytical tools (see Hadwin & Oshige, 2011; Panadero &
Jarveld, 2015; Vauras, Volet, & liskala, 2021), it is difficult to compare results and reach
general conclusions. The present study partially addressed this challenge by using the
same conceptualisation and analytical tools to reveal how MR and its forms and foci in
collaborative learning manifest in diverse collaborative learning contexts. In this way, the
study also aimed to address context in studying MR in collaborative learning (see Jirve-
noja et al., 2015; Molenaar et al., 2012). The present study illustrates that when the same
conceptualizations and analytical tools are used, it is easier to evaluate the role of MR in
diverse collaborative learning contexts.

Forms and foci of metacognitive regulation (MR) in less and more successful
outcome groups’ collaborative learning

Concerning RQ1, although all groups’ processes included MR, differences between less
and more successful outcome groups were found. As expected, given the collaborative
nature of the science tasks, social forms of MR (including MOR and SSMR) were more
prevalent than individual MR (including VMSR and IMR) in both outcome groups in
all contexts. This finding aligns with previous research conducted in high school science
(Zheng et al., 2019), university veterinary science (Khosa & Volet, 2014) and university
engineering (Nguyen et al., 2021).

Both less and more successful outcome Finnish high school science groups’ regulation
processes were characterised with MOR to a meaningful degree, and MOR was present
more frequently than SSMR during low-level cognitive activity. Our qualitative illustra-
tions show that unlike the more successful outcome group, MOR for the less successful
outcome group enhanced regulation towards low-level cognitive activity, as also found by
Mathabathe and Potgieter (2017). The less successful outcome group especially demon-
strated IMR. This finding reveals lost opportunities for learning. Ignoring MR triggers,
such as asking ‘why’ questions, do not support learning processes. Low cognitive level
MOR or IMR did not emerge in any of the Australian university veterinary groups or the
American university engineering university groups. Based on a holistic view, we do not
assume and are not even able to argue that any single contextual feature alone could explain
the findings. However, these results suggest, as a part of the explanation, a possible devel-
opmental influence as noted by other researchers (e.g. Vukman, 2005). Although we cannot
make claims of developmental progression based on this exploratory study, our findings
indicate this as an interesting research direction to pursue. If this conjecture was supported,
it would offer a practical implication to provide more explicit support for cultivating the
required competencies for effective joint regulation.

In the present study, we did not investigate socioemotional interactions, which could
be related to the forms of MR that groups exhibited, such as in IMR. Other research has
shown that co-occurrence of socioemotionally positive interactions and regulation support
a meaningful collaborative learning process (e.g. Isohitild, Naykki, & Jarveld, 2020); this
aspect warrants future investigation. In the present study, we also did not consider students’
prior knowledge. However, differences in students prior knowledge could partly explain,
for example, the emergence of MOR in the Finnish high school context. SSMR requires
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negotiating differences (see liskala et al., 2004, 2011; Jarveld et al., 2013) in prior knowl-
edge which entails more social skill than the asymmetric interactions of MOR (liskala
et al., 2004; Whitebread et al., 2009). Interestingly, although the group size in the Aus-
tralian context was larger (5-6 students in each group) than in other contexts (generally
3 students), the Australian groups displayed only a minimum amount of IMR and MOR,
indicating productive collaborative learning processes. However, previous research (e.g.,
Iiskala et al., 2015) has shown that students’ participation varies within groups. Thus, it
would be important to explore whether only some students participate in each episode of
SSMR, and whether they are the same students in each episode.

Concerning RQ?2, differences in the foci of MR processes for less and more success-
ful outcome groups appeared between diverse learning contexts. The manifestation of MR
for the Finnish high school science and Australian university veterinary science student
groups resembled each other: The less successful outcome groups showed greater MR of
low-level cognitive activity, and the more successful outcome groups greater MR of high-
level cognitive activity. This finding supports previous studies (Jarveli et al., 2013; Khosa
& Volet, 2014; Malmberg et al., 2015) that more successful outcome groups are better able
to resolve problems, misunderstandings, and uncertainties that emerged during the activ-
ity because they regulated their shared thinking and problem solving more effectively. In
the American university engineering context, however, the less successful outcome group
focused more on high level cognitive activity than the more successful outcome group.
This finding differed from the premise that the presence of MR in high-cognitive level
learning processes leads to successful learning outcome (see Brown, 1978; Flavell, 1976)
and from previous research in collaborative learning where MR’s focus on high-level cog-
nitive activity has been highlighted (e.g. Grau & Whitebread, 2012; Iiskala et al., 2011;
Jarveld et al., 2013; Khosa & Volet, 2014; Malmberg et al., 2015; Ucan & Webb, 2015).
However, one of the limitations of the present study is that the difference in outcome met-
ric between the selected groups in the engineering context was not as large at the other
contexts. Future research should continue to explore the MR processes of extreme groups
but also include groups performing at intermediate levels, in order to gain further insight
into the relationship between MR processes and degree of success in outcome in different
contexts.

In the case of the Australian university veterinary science students, the interplay of the
forms and foci of their MR (RQ3) revealed that the form was predominantly SSMR, with
its foci on high- (64.9% in the more successful outcome group) or low-level (75.5% in the
less successful outcome group) cognitive activity. Conversely, this interaction of forms and
foci was different for the Finnish high school science students. Irrespective of the form of
MR (MOR or SSMR), MR processes were more prominent in the more successful out-
come group focusing on high-level cognitive activity (MOR 29.1%; SSMR 37.9%) more
than in the less successful group (MOR 13.1%; SSMR 9.9%). Finally, a different interplay
between the forms and foci of MR was evident in the American university engineering
context, where the less successful outcome group showed relatively more SSMR of high-
level (63.4% vs. 25.0% at low level) cognitive activity, whereas the more successful out-
come group’s SSMR was more equally divided between the high (38.7%) and low (46.7%)
cognitive levels, however, focusing more on low-level cognitive activity.

Concerning both RQ2 and RQ3, one explanation for these findings among engineer-
ing students who are nearing graduation is that the more successful outcome group’s
professional competence was well developed and to some extent already automated (cf.
Vygotsky’s notion on fossilisation, see Holland & Valsiner, 1988); thus, they did not
need as much high cognitive level discourse to effectively proceed. This explanation
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is consistent with previous research on expertise in a medical context (Boshuizen &
Schmidt, 2008), which revealed that experts’ reasoning is often implicit, automatic,
and unconscious, and only verbalised in cases of mismatches or conflicts. In other
words, MR may run in the background of the cognitive processes being executed and
activated only when needed, for example, when difficulties or unexpected results are
encountered (Jarveld et al., 2013; Veenman, Van Hout-Wolters, & Afflerbach, 2006).
This conjecture is supported by the relatively high performance scores of all the groups
in the American university engineering context. It is also possible that the more suc-
cessful outcome engineering group was better able to use routinised knowledge rela-
tive to the less successful outcome group due to nature of the task. The less successful
outcome group may have made more mistakes and had more uncertainties in their pro-
cess, which in turn required more MR (see Goos, 2002) and made the task more com-
plex (see DiDonato, 2013) to this group. The qualitative illustrations from the Ameri-
can engineering context show that students in the more successful small group seemed
to reach a collective understanding early in the process but the less successful group
had to regulate the process more to make sense of the complex task. Thus, high task
complexity could activate MR (see DiDonato, 2013; liskala et al., 2011) in the less
successful group in the American engineering context.

As one part of the possible explanation is that as a “capstone project,” the engineer-
ing task asked students to draw upon and integrate concepts and skills from earlier
courses in the curriculum, and the more successful outcome group likely had already
internalised this content. In this sense, the more successful outcome group may had
been more familiar with the content of the task (see Sockalingam & Schmidt, 2013).
This conjecture is consistent with the observation that the more successful outcome
group had a lower proportion of turns at high cognitive level, but were able to effec-
tively regulate those high-level interactions when needed. The findings of the Ameri-
can university engineering groups suggest that not all MR emerges in groups’ verbal
interaction. Instead, a sign of MR can be that it does not manifest in verbal interaction
in situations when MR is not needed. From a practical perspective, teachers need to
be careful about how they respond to a group’s collaborative learning processes. For
example, if the group is progressing fluently towards a successful outcome, MR may
not be needed. In that sense, MR in productive collaborative learning can also consist
of the absence of observable MR from verbal interactions. This finding suggests the
need to study MR from non-verbal communication in collaborative learning as well.

Finally, this finding could be attributed to sampling issues. Although the analysed
segments were carefully selected, those selected for the more successful outcome
American university engineering group could have been at a point where the work was
less complex and they may have focused SSMR in parts that were more complex but
not studied here. From this perspective, one limitation of the present study is that the
entire group activity was not analysed. Importantly, we cannot make generalisations
from this exploratory case study, and thus, more groups should be analysed in future.

We employed a holistic, situative perspective of context, positing that a learner’s
behavior within the collaborative group is inseparable from the social and cultural con-
text that learning takes place. Based on this perspective, we have prioritised authentic
learning experiences that align with disciplinary practices over more constrained activ-
ity that allows for greater experimental rigour (see also Grau et al., 2018). Such valid-
ity is important, since authentic activities are crucial to support thinking and doing in
disciplines (see Engle, 2012; Koretsky et al., 2019; Vauras, Volet, & Nolen, 2019). For
example, engineering schools typically draw on the disciplinary culture of engineering
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(see Carberry & Baker, 2018). To date, however, there is limited empirical research on
the relationship between metacognition and culture in engineering (Dori et al., 2018).
In addition to being conditioned within a particular discipline, formal learning also
occurs within schools, each with their own culture. Thus, the manifestation of MR by
students working in a large, public university in the USA, for example, can differ from
students undertaking a similar activity in other settings. While the present study pro-
vides some empirical data for this less explored American engineering context, more
research on the effect of learning culture and its relation to MR’s forms and foci are
warranted.

Conclusions

The present study provided empirical support for the criticality of going beyond the
study of MR as a single umbrella concept and unpacking its key characteristics such as
its different forms and foci. Indeed, as revealed in this study, different forms and foci of
MR occur and play distinct, meaningful roles during a group’s collaborative learning
process (see also Grau & Whitebread, 2012; Molenaar et al., 2014; Rogat & Adams-
Wiggins, 2014; Volet et al., 2013). In other words, it is not the amount of MR that is
crucial but the interplay of MR’s forms and foci. Thus, more research of the unique and
interactive effects of forms and foci is needed, both with novice and advanced learners,
in diverse learning and cultural contexts. Analyses of the fluctuation of MR, both in
terms of forms and foci, and non-regulative cognitive activity (e.g. scientific argumen-
tation) throughout the collaborative activity (applying e.g. sequential analysis) would
further deepen our understanding of patterns underlying productive learning.

A key feature of the present study was to use the same conceptualisation of MR, its
forms and foci, and to adopt the same analytical method, including the same coders,
across three diverse contexts, which varied in academic level, disciplinary subject, and
national culture. Caution is needed when coding MR in collaborative learning. One of
the first steps in the process is to determine which observable behaviour is to be rec-
ognised and coded as MR and which is not. Inferences are not straightforward across
very different tasks and contexts (see also Mathabathe & Potgieter, 2017; Whitebread
et al., 2009). However, we would argue that, as demonstrated in the present study, using
the same coders and the same conceptual tools across all studied cases helped to miti-
gate these issues. Furthermore, the coded data could be meaningfully complemented
by qualitative illustrations which provided further insight into the dynamics of MR in
context.

As demonstrated here, not even collaborative science learning contexts that are
explicitly designed to promote groups’ productive engagement (see e.g., Malmberg,
Jarveld, & Kirschner, 2014; Vauras et al., 2019) necessarily prompt the generation of
shared goals to go into deep-level engagement with the scientific activity and effective
manifestation of MR in collaborative processes. Observable MR processes do not auto-
matically play a productive role in the quality of a group’s outcome in collaborative
learning. Contextual and interaction factors must be carefully taken into consideration.
Thus, to conclude, the present study suggests that we cannot axiomatically and directly
transfer the findings of one context to another, for example, from individual learning to
collaborative learning, but also from one collaborative learning context to another, or
even from one group to another within the same learning activity. Contextual features
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may cause variations in the emergence of MR in terms of forms and foci in collabora-
tive learning processes of different outcome groups.

Appendix 1
Description of collaborative learning contexts
Senior high school general science in Finland

A web-based learning environment, Virtual Baltic Sea Explorer, was designed to offer
a realistic research context for learning key scientific concepts integrating biology and
chemistry, fostering scientific reasoning skills, and becoming acquainted with authen-
tic scientific practices and experimental scientific methods. The group activity involved
designing and running an experiment on the effects of pH changes on phytoplankton
and copepods in the context of the Baltic Sea’s food chain. A rich set of virtual tools
(such as a library, researcher interviews, laboratory tasks, and external internet links)
and the collaborative nature of the activity created opportunities for deep-level learning.

Second-year university veterinary science in Australia

A collaborative clinical case-based assignment, representing students’ first exposure to
authentic clinical case material, was designed to offer an opportunity to apply foundational
preclinical knowledge from multiple disciplinary subjects that they had studied thus far.
This included extracting relevant anatomy- and physiology-based clinical concepts and
investigating the underlying principles of treatment and management of the various disease
processes related to the case. Two group activities were studied: generation of learning
objectives related to the case; and construction of a concept map of that case using a set
of cards, each describing one feature. The cards had to be arranged in a meaningful man-
ner, leaving out concepts not relevant to the case, and drawing either unidirectional arrows
to represent cause and effect relationships or bidirectional arrows to indicate relationships
between concepts.

Fourth-year university engineering in the United States

The VCVD process project was designed to provide a bridge between university and indus-
try by adopting the practices, values, and goals of an industrial work team in a professional
context. In this open-ended design task, student groups developed a “recipe” of input
parameters for a virtual industrial reactor while considering competing constraints. They
used the reactor as they would in the industry—to optimise reactor performance based on
experimentation. Since students were charged money for experiments, unstructured trial
and error approaches were discouraged and they were required to integrate their funda-
mental engineering science knowledge in developing their “recipe.” Before groups were
allowed access to perform experiments, they needed to have a design memorandum (stud-
ied here) approved.
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