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Abstract
Self-regulation is critical for successful learning, and socially shared regulation contrib-
utes to productive collaborative learning. The problem is that the psychological processes
at the foundation of regulation are invisible and, thus, very challenging to understand,
support, and influence. The aim of this paper is to review the progress in socially shared
regulation research data collection methods for trying to understand the complex process
of regulation in the social learning context, for example, collaborative learning and
computer-supported collaborative learning. We highlight the importance of tracing the
sequential and temporal characteristics of regulation in learning by focusing on data for
individual- and group-level shared regulatory activities that use technological research
tools and by gathering in-situ data about students’ challenges that provoke regulation of
learning. We explain how we understand regulation in a social context, argue why
methodological progress is needed, and review the progress made in researching regula-
tion of learning.

Keywords CSCL .Collaborative learning . Researchmethods . Self-regulated learning . Socially
shared regulation

Introduction

Learning scientists want to understand how people learn. This compulsion is fueled by the wish to
design, develop, and implement effective and efficient support and tools for learning success
(Fischer et al. 2018). Unfortunately, this is challenging, as learning is a complex cognitive,
metacognitive, motivational, and emotional process (Winne 2017). However, for decades, self-
regulated learning (SRL) theory has helped us understand the key processes and features that
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promote or prevent learning. The ability and willingness to regulate one’s learning is a critical skill
for success in the twenty-first century, especially in terms of providing the means for an adaptive
“life-long learning career” needed in the rapidly changing workplace (Luckin 2018), for moderating
stress, and preventing school dropout (Salmela-Aro et al. 2017). Self-regulation, though, is a
demanding skill that is best learned with the support of others and through access to self-
regulation tools and/or environments (e.g., Hadwin et al. 2010).

While self-regulation of learning and working is difficult at the individual level, it is even
more difficult when learning with others in groups where individual processes must be
coordinated and the planning and execution thereof must be communicated between individ-
uals (Kirschner et al. 2018). Collaborative learning and computer-supported collaborative
learning (CSCL) produce more complex and multifaceted cognitive, motivational, and emo-
tional challenges in learning than individual learning (Miyake and Kirschner 2014). Those
challenges are the result of external (e.g., task difficulty), internal (e.g., weak strategies), and/or
social (e.g., socioemotional conflicts) conditions (Järvenoja et al. 2013). Therefore, co-
regulation of learning (CoRL) and socially shared regulation of learning (SSRL) (Hadwin
et al. 2018) are especially critical, as people need to continuously collaborate to solve today’s
and tomorrow’s complex problems. Research has shown that groups do not recognize chal-
lenging learning situations and their need for regulation (Järvelä et al. 2016b), which restricts
group members’ activation of strategic adaptation in those situations (Rogat and Adams-
Wiggins 2015), and thus, they need to be alerted to this need.

Two decades of research have demonstrated that self-regulation is critical for successful
learning (Dignath and Büttner 2008). Research on socially shared regulation has indicated that
productive collaborative learning goes beyond individual group members’ self-regulation and
also includes sharing the responsibility of the regulation processes in addition to shared
cognitive processing (Järvelä et al. 2016a).The challenge for the research is that the psycho-
logical processes at the foundation of regulation are multifaceted and, hence, very challenging
to understand, support, and influence with current instrumentation. It is evident that reaching
these foundational processes is dependent on methodological development (Cress et al. 2018).
The aim of this paper is to review the progress in SSRL research data collection methods for
trying to understand the complex process of regulation in the social learning context, for
example, collaborative learning and CSCL. We explain how we understand regulation in a
social context, argue why methodological progress is needed, and review the progress made in
researching regulation of learning, especially in SSRL.

SSRL helps understanding of complex learning process in collaboration

Self-regulation refers to the ways that learners systematically activate and sustain their
cognitions, motivations, behaviors, and emotions toward attaining their goals. Metacognitive
monitoring, evaluation, and control fuel regulated learning (Schunk and Greene 2018).
Therefore, we have adopted a multifaceted view of regulated learning, which means collecting
data about the interplay among cognition, motivation, emotion, and metacognition during
regulated learning and not just attending to a single facet.

Winne and Hadwin’s (1998, 2008) model of individuals’ SRL cycles is one of the many models
explaining individuals’ SRL and how self-regulation relates to motivation, emotions, and cognitive
processing (see Schunk and Greene 2018). When SRL researchers became interested in extending
self-regulation so as to consider regulation in collaborative learning settings, Winne and Hadwin’s
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model became the premise for building theoretical and empirical understanding in group-level
regulatory processes, namely socially shared regulation (Hadwin et al. 2018). They modeled
regulation at a micro level with COPES (i.e., Conditions, Operations, Products, Evaluations, and
Standards), which identifies facets of a task where learners exercise SRL. The COPES model
describes learning as a cyclical process. When learners engage in SRL, they go through four phases,
including developing task perception, goal setting and planning, translating plans into strategies
according to the goals, and evaluation and reflection. The different phases of the cycle build upon
each other in a loosely sequenced order and are cycled through COPES through metacognitive
monitoring. As a result of the monitoring and consequent adapting of task perceptions, goals, and
strategies, the sequencing enables shifting between the phases. Regulation of learning is active,
particularly when learning is challenged or does not proceed according to the goals and standards
(Järvelä et al. 2018).

Similar to individuals’ activation of self-regulatory processes, regulation of learning that
takes place within collaborative groups presumes students have a precise understanding and
awareness of the sources of the emerging regulation needs, “what is going wrong”, and of the
targets for regulation. With strategic regulation, group members can influence various cogni-
tive, motivational, and emotional processes taking place in the group and adjust their collab-
orative learning according to the task goals and shared standards. The group-level regulation is
achieved through interaction among the grup members in parallel with the group members’
self-regulatory cycles (Cleary and Zimmerman 2012; Sobocinski et al. 2017). Socially shared
regulation, particularly, assumes reciprocity in regulatory actions between the group members.
Self-regulation (regulating oneself), co-regulation (supporting each other), and socially shared
regulation (regulating together) jointly form the relative regulated learning space in which
individuals within the group regulate their own motivation, emotions, cognition, and behavior
and simultaneously contribute to the groups’ shared regulatory processes (Järvelä et al. 2018).

All these issues have consequences for methodological choices in the study of regulation in
collaboration. When the aim is to understand how regulation “sets the stage” for collaboration,
it cannot be observed solely at one point in time nor captured through learners’ overall
evaluations of their skills or retrospective appraisals of the regulation success. As the regula-
tion space of a collaborative group is multifaceted, studying regulation calls for a multimethod
approach, including both the process data sources capable of capturing regulation
(inter)actions as well as the data regarding learners’ individual characteristics and interpreta-
tions of the learning situation. In particular, the difficulties learners encounter offer a gateway
to identifying the unfolding of regulation (Hadwin et al. 2018). For example, a researcher can
identify how a certain moment of difficulty can inform the potential subsequent strategic
regulation of learning by the student (Malmberg et al. 2015). Identifying segments of time
when difficulties and strategic regulation of learning occur, in turn, creates opportunities for a
researcher to examine how and when learners strategically adapt their cognition, motivation, or
emotions.

Current research challenges in understanding regulation in learning
and collaboration

We see currently three conceptual and related methodological research challenges in the field
of SRL, especially regarding regulation in the social context. Each of these challenges needs to
be met in order to move further in helping learners and groups better regulate their learning.
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The first challenge is that regulation is not linear; it involves cyclical adaptation, which is
hard to capture with methodological means. It is not a state but rather a series of contingencies
over time (Molenaar and Järvelä 2014), where learners use metacognitive monitoring and
control to strategically adapt their learning if needed (Zimmerman 2013). Earlier approaches to
SRL research, such as self-report instruments, were successful in identifying students’ general
beliefs about their learning (Pintrich 1995) as well as their tactics, strategies, and processes for
achieving regulation in learning situations (Azevedo 2014). What has not been made clear is
when those actions take place and how they influence each other, that is, examine the change
in regulatory processes and types of regulation over time (temporality). Primarily, this gap has
derived from the limited methodological ways of capturing this evolving process.

When self-regulation in learning involves multiple cycles of phases, such as planning and
goal setting, enacting strategies, and evaluating the progress of learning through metacognitive
monitoring (McCardle and Hadwin 2015), students’ activation and success in regulation and
progress in learning may vary across cycles (Sobocinski et al. 2017). Understanding the
complexity of the phenomena and capturing cognitive, metacognitive, motivational, and
emotional processes in the collaborative learning context requires tracing behavior over time
(Ben-Eliyahu and Bernacki 2015). While most of the existing methods are able to accurately
trace the learning events and students’ regulatory acts (e.g., Bannert et al. 2014), they fail to
provide indicators of why individual learners act in a particular way or how much individual
learners in a group socially share these acts. Multiple data channels that target the same
learning situations and events can provide and cross validate the events with other channels,
such as video data, learning traces, and self-reports (Bernacki 2017). When considering
collaborative learning and CSCL which follow the progress of collaboration, research should
inform on the learning challenges that trigger learners’ strategic adaptations of their task
perceptions, goals, and strategies in different learning situations (Winne 2015). Moreover,
the analysis methods should be able to capture the recursive bond from previous to forthcom-
ing cycles.

The second challenge is to identify how three forms of regulation—SRL, CoRL, and SSRL
(Hadwin)— together contribute to successful learning. The field has progressed past notions of
learning as solely individual or solely collaborative. Research on SRL has made progress in
anchoring research about regulated learning in specific psychological constructs, including (a)
regulatory processes (i.e., monitoring, evaluating, and controlling) and (b) regulatory con-
structs or targets (i.e., motivation, cognition, behavior, and emotion). We have identified the
critical processes of SSRL (Järvelä et al. 2015; Järvenoja et al. 2015) and have accumulated
evidence about the contribution of SSRL to success in collaboration (Järvelä et al. 2016;
Järvenoja et al. 2015; Zheng et al. 2019). Until now, research has focused mainly on the SSRL
processes themselves (e.g., Lajoie et al. 2015; Rogat and Adams-Wiggins 2014; Schoor et al.
2015; Ucan andWebb 2015). Recent research findings, however, have strongly pointed out the
importance of researching how these three forms of regulation (SRL, CoRL, and SSRL)
together contribute to successful learning. Methodologically considering regulation of collab-
oration cannot be traced solely to interaction processes but presumes capturing individuals’
subjective psychological premises and appraisals simultaneously.

The third challenge is that, in order to capture SSRL in the authentic learning context,
student interactions within the social learning context need to be understood. SSRL concep-
tualizes regulation on a group level, and therefore, students’ activities, choices, and outcomes
are intertwined with dynamic internal, social, and environmental conditions, serving as
affordances and constraints for regulation (Winne and Hadwin 2008). Collaborative learning
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conditions emphasize the situated and sociohistorical nature of regulation (Järvenoja et al.
2015) by recognizing features of the current situation, task, and contextual conditions (e.g.,
technological affordances); the knowledge and beliefs of the group (e.g., group dynamics); and
a range of past experiences. Capturing the conditions for SSRL requiresmultiple data channels
that target individual and social learning activities and their interactions with the learning
context (e.g., available technology). The need for multiple layers of data that focus on both
learners’ individual metacognitive and shared social processes forces us to consider more data
channels than we have had previously (D’Mello et al. 2017).

Methodological progress in researching and understanding SSRL

In light of the three abovementioned challenges, a need for ongoing methodological develop-
ment is obvious. Given the cyclical and temporal nature of regulation in the social context, a
need for new methods that can capture regulation in the (collaboration) process has been
evident from the beginning (Schunk and Greene 2018). Emphasis in the field has been
increasingly placed, for example, on real-time measurement that occurs as individuals are
engaged in learning (Azevedo et al. 2017). This has been in an attempt to explain how self-
regulation actually operates as learners engage with content; show how it changes over time
and in response to changes in environmental conditions; and present it as a function of changes
in learners’ judgements, knowledge, and skills (Callan and Cleary 2017). When progressing
our research in SSRL in collaborative learning, we have developed methods to (a) trace and
understand the sequential and temporal characteristics of regulated learning, (b) focus on data
regarding the individual- and group-level shared regulatory activities with technological tools,
and (c) gather in-situ data about students’ regulatory challenges in authentic learning task.

Tracing sequential and temporal characteristics of regulated learning

In light of the fact that regulation is not a static attribute over time within tasks and across tasks
and situations (e.g., Zimmerman 2013) but, instead, is cyclically adaptive and, hence, fluctu-
ating (identified first challenge from above), trace data can help in understanding the temporal
progress of regulation (Molenaar and Järvelä 2014). For example, gStudy (Nesbit et al. 2006)
is an advanced multimedia learning system that offers cognitive tools that students can use to
work with course material but it also gives researchers an opportunity to study the SRL
process. In gStudy, the students are provided with tools for making notes, tagging selected
content, constructing new glossary entries, and drawing and manipulating concept maps to
assemble information in order to process the information provided in the environment. We
have been following Winne’s (1982) idea of “trace” to describe data that reflect learners’
engagements in learning tasks over time. Traces capture students’ immediate learning activities
without interrupting the learning process, thus making it possible to follow the students’ use of
different studying techniques in the learning context. Our contextual and event-based measures
of regulated learning have followed microanalytic protocols (Cleary and Zimmerman 2001),
targeted specific aspects of regulated learning, and focused on specific moments in time.
Traces include time-stamped descriptions of observable interactions between learners and
content, and gathered over time, they can track patterns and changes in regulatory processes.
Research on the cognitive, motivational, emotional, and social aspects of learning (e.g.,
Malmberg et al. 2013, 2014) has shown that tracing learners’ strategic activity as a continuous
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process and not just as a series of momentary snapshots can inform the quality of students’
strategy use and, ultimately, their learning. For example, Malmberg et al. (2013) investigated
in detail the differences between high- and low-achieving students’ strategic actions in
challenging and favorable learning situations when studying in a gStudy learning environment.
The learning situation, whether challenging or favorable, was defined based on the students’
situation-specific explanations before each gStudy learning session. Trace data gathered from
these episodes were used to investigate the types of learning patterns that emerge among the
high- and low-achieving students. The study evidenced that students’ situation-specific inter-
pretations did affect their SRL and strategy use depending on whether the situation was
considered either challenging or favorable. In a similar way, Johnson et al. (2011) traced
SRL by using think-aloud protocols during a problem-solving task. Their study revealed that
learners use more planning processes later in the learning session and fewer learning strategies
as their learning progresses. Both of the studies were able to capture learners’ interpretations in
a learning situation as well as the cycle of regulation processes.

The advantage of temporal and sequential analysis is that it can reveal how sequences of
regulated learning unfold over time and can describe the associations between self-, co-, and
socially shared regulated learning (Malmberg et al. 2017). The sequential characteristics of
regulated learning show how the types and processes of regulated learning typically follow
each other, while the temporal characteristics reveal when types and processes of regulated
learning typically occur during the learning session or over time (Reimann et al. 2014).
Azevedo (2014) argued that, if regulated learning is considered a cyclical feedback loop, it
is important to understand how and why learners engage in various types and processes of
regulated learning and, thus, what the key processes are that facilitate learning in regulated
learning. Sobocinski et al. (2017) explored how groups of students changed their strategies
between phases of regulated learning in different types of learning situations. To investigate
changes between the phases, they used process discovery methods that are viable for illustrat-
ing how phases of regulation and transitions between these phases typically occur. Their study
revealed that, when the groups perceived the learning situation as challenging, they switched
between the planning and performance phases frequently. The results show that, during the
challenging task, the groups needed to continuously adapt their planning and task understand-
ing in order to accomplish the task during the performance phase. Therefore, the students’
evolving understanding of the task affected the strategies they chose to use when performing
the task.

The multimodal data can provide new supplementary and complementary ways for making
visible and understanding important phases of regulated learning as they occur in challenging
learning situations. Multimodal research data are data that originate from different data
channels, such as self-reports, videos, eye tracking, or physiological data (Ochoa 2017). These
methods can also significantly extend the current knowledge on the sequential and temporal
nature of the complex learning processes (Azevedo et al. 2011). Similar to sequential fluctu-
ation between the types of regulation, as was investigated in the above example, the socially
shared regulation can be layered or sequenced according to the particular target of regulation,
such as motivation, emotion, and cognition. Dindar et al. (2019), for example, studied high
school students’ (N = 31) advanced physics lessons where students worked on collaborative
learning tasks in 15 sessions, and the researchers measured overall session-based physiological
synchrony among the group members. They investigated the interplay of temporal changes in
SRL processes (i.e., behavioral, cognitive, motivational, and emotional) and their relationship
with learning achievement in collaborative learning. They found that physiological synchrony
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among the collaborating students was related only to cognitive regulation and that changes in
motivational regulation were related to learning achievement. Pijeira-Díaz et al. (2019) worked
with the same physiological data (electrodermal activity [EDA]), but correlated to arousal at
the individual level, and they found that students collaborating in triads on a physics task were
mostly at different arousal levels and that possible arousal contagion occurred mostly on a one-
on-one basis within the triad. Earlier, they found that physiological coupling indices based on
EDA provided an estimate of students’ learning gain and the quality of their joint solution
(Pijeira-Díaz et al. 2016).

Focusing on data for individual- and group-level shared regulatory activities using
technological research tools

The second and third challenges address the fact that collaborative learning regulation is
situated in an individual–social continuum rather than purely as an attempt to identify forms of
regulation using technological tools.

Since earlier research has revealed that students do not always recognize the opportunities
for regulation in collaboration (DiDonato 2013; Järvelä et al. 2013) or that the potential of
CSCL and technological learning tools may be undermined by students’ inability or unwill-
ingness to regulate learning (Azevedo 2005; Shapiro and Niederhauser 2004), researchers have
developed technological tools to prompt and support self-regulation (Azevedo and
Witherspoon 2009; Miller and Hadwin 2015), co-regulation, and socially shared regulation
(Järvelä et al. 2016). Most tools have been found to support individual SRL and metacognitive
monitoring (Bannert and Reimann 2012; Schnaubert and Bodemer 2017), while less efforts
have been made to support socially shared regulation in groups. However, there is a potential
to focus on data for individual- and group-level shared regulatory activities using technological
research tools.

Our current work has concentrated on, for example, tracing how individuals in a group engage in
planning and reflection by using tools for prompting a) individual and group planning and reflection
processes (Malmberg et al. 2015); b) collective visualizations of individual plans and perceived
challenges (Miller and Hadwin 2015); and c) emotional, cognitive, and motivational states (Järvelä
et al. 2016). All of these tools have also been used for data collection as well as to identify how
shared regulation is actualized when they are prompted. The first guiding principle in development
of these tools has been to support regulation by prompting learners and groups to increase awareness
of their own, others’, and their group’s appraisals of the conditions for and challenges with the
learning processes tomake these features of the learning process visible on the social plane. Another
principle has been to make the individual and socially shared regulation visible for the group
members and, thus, increase SSRL.Awareness of the situational features and accurate recognition of
the requirements of the situation (the first principle) are conditions for these timely and accurate
adaptations of regulatory actions. They serve as conditions for the second design principle (see
Järvelä et al. 2015).

Methodologically, these support tools and prompts have offered a new way to record
data “on the fly” that are not available by other means. For example, in MetaTutor
(Azevedo 2015), learners are given prompts that promote metacognitive awareness in
each phase of the regulated learning cycle. Johnson et al. (2011) detected, traced, modeled,
and fostered students’ self-regulatory and metacognitive processes during learning in
hypermedia learning environments and identified the critical monitoring processes that
triggered regulated learning.
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Technological advancement in research on SRL is the increasing use of technology for
supporting learning and interaction processes as well as for data collection. CSCL provides a
new source of data for tracing learning processes, and new data-driven analytical techniques
are available (Reimann et al. 2014). Tools for the regulation process utilize, for example,
software features to ease learners’ navigation in a learning environment (Puntambekar and
Stylianou 2005), to assist information processing by offering cognitive scaffolds for learning
strategy use (Malmberg et al. 2010; Perry et al. 2010), to provide visualizations that track the
progress of the learning process (Narciss et al. 2007), or to increase awareness of the
collaborative learning process with mirroring tools (Fransen et al. 2011).

The difficulty is that learners do not necessarily externalize the thoughts that might signal
their attempts to self-regulate their learning. Miller and Hadwin (2015) suggested that regu-
lation of learning can be made visible using scripts and awareness tools that model SRL and
report on the SRL process. Bakhtiar et al. (2018) developed a narrative constructor that
prompts learners to identify a main challenge and a strategy from a dropdown list to overcome
it. The narrative constructor tool includes a Socio-Emotional Sampling Tool (SEST) for the
planning phase (Webster and Hadwin 2014) that prompts students to identify their feelings in
the present moment and a strategy they could use to regulate that feeling. Students have access
to their responses on the SEST when reflecting upon and describing their emotion regulation
strategies in the individual reflection. The advantage of a narrative constructor is that it is
intuitive to using meaning and that it can capture events in a learning situation without
interrupting the learning process (Aleven et al. 2010). Moreover, it provides valuable infor-
mation for students and researchers about mental processes that either hamper or promote
collaborative learning.

Our aim has been to capture individual SRL activities as a part of SSRL. For that, we have
tailored and modified technological tools to prompt SSRL and combine the individual and
group levels. These include structured tools that prompt students to negotiate and share their
goals, plans, and strategies as well as offer the possibility of reflecting on whether the goals
were achieved, whether the plans were adequate, and how effective the strategies were (Järvelä
et al. 2015). The S-Reg tool was developed to prompt a group’s awareness of their motivation,
emotion, and cognitive conditions for collaboration in situ (Järvelä et al. 2016). With the S-Reg
tool, students were prompted to anticipate the challenges and discuss and adapt their regulation
processes upfront according to the situational conditions. The S-Reg tool increased co-
regulation, which may indicate that it supported awareness of individual students’ situational
motivations and emotions and became concrete in shifting support with a peer (Järvenoja et al.
2017). As co-regulation was increased, particularly at the beginning of the collaborative
learning session, it created a condition for collaborative learning for the latter phases because
it tapped the unfavorable aspects in the beginning (Kimmel and Volet 2010; Zschocke et al.
2016).

Gathering in-situ data about students’ challenges provoking regulation in authentic
learning tasks

Regulation situations arise over the course of learners’ actions within a given learning context,
as identified in the third challenge. Those situations are formed and shaped via interaction
between learners and contextual features (Järvelä et al. 2010). Therefore, regulation activities
during cyclical adaptation of the regulated learning are not independent from each other but are
embedded in the timeframes in specific learning contexts, and thus, all regulatory activities,
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whether past or present, serve to learn from self-regulation (Cress and Hesse 2013; Molenaar
and Chiu 2014). Hadwin et al. (2011) proposed that challenge episodes can be considered
triggers that potentially activate regulatory activities; challenges are critical indicators for
tracking and sequencing process data in order to locate the regulation taking place to overcome
these challenges. Through the experienced and observable challenges and learners’ subjective
appraisals of them, the researchers can understand the reason for regulation. These reasons are
also contextualized and formed as a part of the cyclical process involving learners’ interactions
with the task, contexts, social interactions, beliefs, technological tools, and artefacts.

Analyzing regulation within challenge episodes sharpens the focus on tracking separate
regulatory activities over the course of collaboration. Koivuniemi et al. (2017) studied higher
education students and found that they experienced a wide range of challenges regarding their
cognitive and motivational processes as well as their emotions and well-being in collaborative
learning tasks. Recently, researchers have used different classification schemes for analyzing
the types of challenges and related regulation. Some of the studies have focused on identifying
a certain type of challenge, such as cognitive, motivational, or socioemotional, that occurs
during collaborative learning (Koivuniemi et al. 2017; Summers and Volet 2010). Other
studies have recognized and categorized challenges and depicted the nature of regulation that
the groups activate in relation to the different challenges (Malmberg et al. 2015). Yet, a pitfall
of the abovementioned studies is that challenges are not recognized a priori but rather a
posteriori of when they actually occur. Analytical progress is especially needed to unpack the
contextualized set of factors that together compose the reason challenges are experienced in
situ, thus influencing how regulation is adapted.

We have gathered in-situ data about students’ challenges and related regulation in
authentic learning tasks. This is to capture the full complexity of the regulation in learning
situations involving learners’ interactions with the task, context, social interaction, beliefs,
technological tools, and artefacts. We have built on a situative perspective that allows us to
consider the unique constitution of individual and social features of situated challenges and to
follow the regulation as it evolves within a given situation (Järvenoja et al. 2015). The
students’ personal experiences, group dynamics, and task characteristics have all been found
to influence the cognitive (e.g., challenges in terms of understanding a task), motivational (e.g.,
task commitment problems), and emotional (e.g., overruling interaction) challenges emerging
within collaborative groups. That is, the context influences the nature of the regulation (e.g.,
whether regulation strategies seek to overcome a challenge or to avoid it) (Järvenoja et al.
2015; Volet and Järvelä 2001). Methodologically speaking, this is to combine different data
sources or analyses to understand the unfolding regulation processes and/or the interplay
between individual- and group-level regulation processes.

For example, Järvenoja et al. (2018) studied emerging challenges and related emotion
regulation during teacher education students’ collaborative work across six different mathe-
matics tasks. The analysis combined a series of video data coding tiers, (i.e., challenges, type
of regulation, and regulation strategy) to investigate the complex time-related connections and
the fluctuation between the situation-specific challenges and regulatory activity in the group.
The analysis revealed that, in collaborative learning situations, a wide range of micro-level
challenges emerge, including those with cognitive, motivational, and emotional issues as well
as different socially and contextually oriented challenges. All of these challenging situations
are possible triggers for group-level regulation to occur. The strength of this type of analysis is
that it is able to cross the boundary between motivational, emotional, and cognitive challenges
because the analysis is based on the actualized behavior in situ. Moreover, interconnecting
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different actualized components of the regulation activity (i.e., challenge), type of regulation,
and strategy, it can rise above the situatedness to reveal the typical patterns in the chained
challenge–regulation–strategy behavior while still acknowledging their contextualized nature.
In addition, Hadwin et al. (2018) investigated how specific support in the form of visualiza-
tions given for collaborating groups at the planning phase affects their regulation and learning
outcomes. The groups who received visualization support at the planning phase reported
effectiveness in terms of planning and teamwork strategies, and these groups were more
successful in their strategy than groups without visualization support. An essential feature of
this visualized support was that it was connected to a certain context and learning task; namely,
it was situated with several current contextual features the students were connected to (i.e.,
task, group, and personal appraisals).

The situative perspective (Greeno 1998) allows for multilayered consideration of the
collaborative groups’ regulation activities in challenging situations and provides methodolog-
ical solutions for capturing the complex relationships between different context-bound factors
(Cress and Hesse 2013; Wise and Chiu 2011). Several process-oriented methods (Volet and
Vauras 2013) and microanalytical protocols (Cleary et al. 2012) have been developed to
identify traces of regulation as temporally unfolding events that are contextualized in situ. A
fine-grained form of microanalytical protocols that targets behaviors or processes as they occur
in real time across multiple learning contexts, and hence, is able to trace generalizable
processes without losing the specific contextualized features, has yet to be developed. Until
now, the majority of existing studies have used microanalysis to directly observe overt micro-
level behaviors during interactions (Bannert et al. 2014). As these protocols are increasingly
able to acknowledge covert processes, the possibility of capturing the process of regulated
learning in real time in various learning contexts and with technological tools continues to
evolve (Azevedo and Aleven 2013).

Conclusion and discussion

In this paper, we have discussed the progress in SSRL research data collection methods for
understanding regulation in collaborative learning and CSCL. Methodological advancement in
SSRL can help in the understanding of the complex process of collaboration and further practical
implications in CSCL. CSCL research data comprise collaborative and socioemotional interactions,
transactions, and knowledge-building processes. They have a temporal (in terms of time), multidi-
mensional (in terms of affect and cognition), and cyclical nature (in terms of interacting and
contributing to each process) that, in the case of good collaboration, are successfully shared among
the collaborating partners (Järvelä and Hadwin 2013).

The methodological progress and the type of available data that have followed this progress
have already contributed to the conceptual progress and understanding of the mechanisms in
S(SRL). We have been successful in identifying relevant SRL traces from log data (Bannert
et al. 2015; Malmberg et al. 2014). In addition, we have used advanced data-mining techniques
to examine sequential patterns in regulation over time among high- and low-achieving students
(Malmberg et al. 2017; Molenaar and Chiu 2014) to describe the learning activities in which a
student typically is involved and to inform the actual process of SRL and SSRL (Järvelä et al.
2013; Johnson et al. 2011; Zheng et al. 2019). Progress has also been made in adequately
researching regulation data sampled over time, both within and across episodes (Järvelä et al.
2016a; Paans et al. 2018). To generate methods for measuring regulated learning “on the fly”
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and in actual actions in a social learning context, we have studied learning in authentic
collaborative groups and integrated situated pedagogical designs and data collection tools as
well as support for SSRL (see Järvelä et al. 2015, 2016b).

The methodological progress for the field is dependent on how successfully we will be able
to bring in more markers for understanding the complex process of regulation of cognition,
motivation, and emotion, and how they are developed by widening data channels in terms of
multimodal data. It is critical that empirical studies address the complex process of the analyses
to avoid fragmentation. In this regard, multimodal approaches in SRL research can help tackle
the constraints of typical single-channel data and help draw more valid and reliable inferences
about the learning processes (Harley et al. 2015). While subjective measures (e.g., self-report
data and interviews) explore the intent and appraisal of student learning, objective data (e.g.,
log data, eye tracking, heart rate, electro-dermal activity, videos, and facial expressions) can
provide “on-the-fly” information about what students do when studying and can detect phases
of challenge, interest, and attention (Henriques et al. 2013). Although interest in applying
multimodal data has increased in SRL, SSRL, and CSCL research, it is still in the early stages.
This is mostly because multimodal data come with different sampling rates, and depending on
the type of data, there might be difficulties aligning the multimodal data. Also, more evidence
is needed as to exactly what the different modalities (e.g., electrodermal activity, heart rate)
reveal about the learning and collaboration processes.

The challenge still remains that there are no “metrics” for measuring mechanisms of
regulation in learning in general and SSRL specifically. In stable conditions, “flat explana-
tions,” such as patterns, models, and regularities, can be predictive (Reimann et al. 2014), but
these conditions are seldom the case in complex social situations. Therefore, data’s correspon-
dence to observed events are issues for consideration in future studies (Winne 2019), and more
work is needed to integrate the strong tradition of microanalytical methods for studying
collaboration, such as conversation and interaction analysis (e.g. Lund and Suthers 2018),
into the new methodological approaches. This, in turn, would be detrimental for developing
the “next generation” of support that would be more precise and targeted by the contextual
features as well as temporally accurate and well situated in the regulation cycle.

Another major future challenge is to progress from the analyses of the temporal process of
regulation in collaboration as small-scale regulatory acts to large-scale adaptations and their
contribution to the progress of collaborative learning and individual long-term learning. Larger
multimodal data sets in which the data are layered not only by situated modalities but also in time
will open avenues for investigating the effects of adaptive regulation on individual development.
Interdisciplinary collaboration in learning process analytics (e.g. Knight et al. 2017) will bring the
next wave of research in SSRL and CSCL by especially widening the time scale from analyzing
collaborate tasks to several recursive sessions of many collaborative groups.

Finally, concerning CL and CSCL, Kirschner et al. (2018) discussed how transactive
activities play a crucial role in collaborative learning and pointed out that learning is partic-
ularly likely to occur when the collaborating students engage in transactive discourse (i.e.,
critique, challenging of positions, and attainment of synthesis via discussion), as this form of
discourse gives rise to cognitive activities that stimulate knowledge construction. Clearly,
collaborative learning effort is influenced by how well students coordinate their activities
across time and transact with each other’s ideas. A concept of socially shared regulation in
learning adds to the understanding of what “sharing” cognition, motivation, and emotion
among members in collaborative learning groups entails. Collaboration requires negotiating
beliefs and perceptions regarding the collaborative goals and plans of how to achieve the task.
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This is a complex process for the co-construction of goals and plans, where metacognition and
regulation processes of collaborating individuals need to be exchanged, negotiated, and
aligned to achieve shared or joint regulation (Järvelä et al. 2018).

Conceptual and methodological progress made in research on SSRL will advance research
on CSCL and can provide answers to the question “How do learners build a shared under-
standing of the task in a group and strategically regulate their collaborative learning process for
a joint task to be achieved?” Since the main interest in CSCL supports the fine-grained
processes that make collaboration and joint learning activities happen (Cress et al. 2018),
one can conclude that many of the problems encountered when using CSCL in practice might
be solved if we had tools at our disposal that could help the participants in CSCL groups
regulate learning within the groups. In the future, technology can play a major role in both
helping researchers understand the complex processes behind collaboration and helping
regulate learning and support groups for more efficient collaboration.
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