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Introduction

The conceptualization of self and socially regulated learning (S-SRL) has recently received
much attention (Greene and Azevedo 2010; Jarveld and Hadwin 2013). For example, Hadwin
et al. (2011) place the term social as a central for regulated learning. As such, self-regulated
learning can become socially regulated learning where learner’s regulatory activities are
supported or constrained with others (co-regulation) or when individuals negotiate shared task
perceptions, goals and strategies (socially shared regulation) (Hadwin et al. 2011; liskala et al.
2011; Molenaar et al. 2010; Volet et al. 2009). Moreover, most researchers agree that self and
socially regulated learning are dependent of the learning situation and besides individual
characteristics, the role of the learning context, task type and support should be taken into
account (Boekaerts and Niemivirta 2000; Volet and Jarveld 2001). Consequently, the emphasis
has been placed on capturing S-SRL as an evolving process in a learning context (Volet and
Vauras 2013). Researchers have started to view S-SRL as a series of events, which can be
perceived as a process that unfolds over time in a certain order (Azevedo et al. 2010; Schoor
and Bannert 2012; Schraw 2010; Reimann 2009; Winne 2010).

This raises new questions with regard to the characteristics of the S-SRL process and its
dynamic interplay with student and context characteristics. Addressing these issues demands
for in-depth analysis of the learning process to understand how S-SRL mediates the relation-
ship between students’ characteristics, contexts’ characteristics and performance (Greene and
Azevedo 2010). However until now the S-SRL process is mostly studied by counting the
number of self-regulating learning strategies students perform (Azevedo et al. 2008; Molenaar
et al. 2010). In many cases the S-SRL process is taken as one holistic unit and its sequential
and temporal characteristics are therefore largely ignored (Kapur 2011; Reimann 2009;
Schmitz 2006; Schoor and Bannert 2012). The sequential characteristics of S-SRL consider
which actions typically follow each other, and temporal characteristics of those actions tells
about when those actions are taken and how they influence each other over time (Reimann
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2009). In this light, several researchers have expressed the need to explore time and order in S-
SRL processes (Greene and Azevedo 2010; Molenaar et al. 2011; Schmitz 2006; Winne 2010).

This special issue illustrates how empirical studies of sequential and temporal characteris-
tics of S-SRL provide new insights that enhance our theoretical and practical understanding of
S-SRL. The contributors of this special issue are leading international researchers who
articulate different emerging perspectives on time and order in S-SRL. In this special issue,
all articles analyze sequential and/or temporal characteristics of S-SRL. Focussing on different
subjects (pre-school students to university students) and performing these analyses in the light
of different research questions, each contribution has its own individual theoretical back-
ground. In all, these studies show that not only the prevalence of S-SRL actions, but also their
sequential and temporal characteristics, are important.

Apart from their individual contributions to our understanding of time and order in S-SRL
process, all contributions also differ in respect to the methods used to analyze these sequential
and temporal characteristics. Five empirical contributions show how emerging methods
(statistical discourse analysis, t-pattern analysis, fuzzy data mining, Markov modeling and
trace data analysis) are used to explore time and order in the S-SRL process. These methods
originate from different methodological traditions and each of the papers specifies a method-
ological approach in detail. The contributions of these papers are unique and representative for
our current understanding of the temporal characteristics of S-SRL. The commentaries of
Roger Azevedo and Phil Winne will discuss the commonalities and differences among
findings and methods. As such this special issue constitutes a first step towards an under-
standing the sequential and temporal characteristics of S-SRL and formulating an approach to
investigate time and order in S-SRL.

The sequential and temporal characteristics of S-SRL

Self and socially regulated learning theory (S-SRL) defines learning as a goal oriented process,
that assumes students make conscious choices working toward their self or socially defined
learning goals (Boekaerts 1999; Hadwin and Jérveld 2011; Zimmerman 2002). Self-regulating
learners use cognitive activities (read, process, elaborate) to study a topic and effectively
control and monitor their learning with metacognitive activities (orientate, plan, monitor and
evaluate their actions) and motivate themselves to an appropriate level of engagement
(Azevedo et al. 2008; Winne and Hadwin 2010; Zimmerman 2002). Hence S-SRL involves
a complex interplay of cognitive, metacognitive, and motivational regulatory components.
Although theories of S-SRL vary in their concentration these components, they do share
important aspects assumptions about the sequential and temporal characteristics of S-SRL
(Hadwin 2011).

The notion of learners’ agency is well grounded in S-SRL theory. It is assumed that
learners’ learning goals steer their learning, which entails the assumption that learners project
these learning goals over time (Hadwin 2011). Moreover, there seems to be consensus about
three important phases in the process of self-regulation (Zimmerman 2002; Winne & Hadwin
1998). Namely the preparation phase, the execution phase and the reflection phase. In the
preparation phase students orientate on the task, activate existing knowledge and set their
learning goals. These goals guide the execution phase in which students perform the learning
task. Finally students reflect on their approach toward the task in order to optimize the process
in the future.

The idea that S-SRL unfolds in the three main phases suggests a cyclical relation among the
components. Clearly et al. (2012) uses the term “sequential phases of regulation” to describe
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the cyclical nature of regulated learning. This sequential notion is used in S-SRL theories to
explain how students move through different phases of S-SRL to guide their learning.
However, there is no view of strict order in this cyclical notion (Greene and Azevedo 2010).
Even though the S-SRL process is considered cyclical, learners can jump between different S-
SRL actions inducing recursive sequential patterns within the cycle. This raises questions
concerning the dynamics of this cyclical S-SRL process, the sequential patterns within it as
well as the development of the cycle over time. Moreover, there are some differences with
regard to the time window that the S-SRL cycle should be projected on. For example, Winne
and Hadwin (2013) support a micro level perspective on S-SRL specifying the COPE model as
cycle that re-occurs within one study session, whereas the cycle from Zimmerman (2002) is a
more macro level cycle encapsulating one learning task possibly extending over multiple study
sessions.

Thus assumptions about the sequential and temporal characteristics of S-SRL are grounded
in our theoretical models. The sequential characteristics of S-SRL entail transitions from one
action and/or phase to another (e.g. transition from preparation phase to the execution phase).
The temporal characteristics focus on when S-SRL actions and sequences are taking place and
how they act over time. Existing research about the temporal characteristics of S-SRL can be
viewed in the light of two distinct views on temporality, namely analyzing events in a
continuous flow or focusing on relative arrangements among multiple events (Molenaar and
Wise, in prep).

The first view on temporality views events in a continuous flow. Here the focus lays on the
individual temporal characteristics of S-SRL actions and how these characteristics act within
the learning process as a whole. This type of research analyzes the positioning of S-SRL
actions, their duration and/or the rate at which they occur during learning. For example,
Johnson et al. (2011) showed that planning activities occur more frequently later in the
learning task. In this special issue Kuvalja and colleagues (2014) indicate that there are no
differences in the rate of self-regulation behaviors between typically developing children and
children with specific language disorder.

The second view on temporality analyzes relative arrangement among multiple events,
which embodies a different perspective on time. Here, the focus does not lay on the individual
temporal characteristics of S-SRL actions, but on the organization of these actions addressing
the relative arrangement of multiple S-SRL actions over time. For example, in this special
issue Bannert and colleagues (2014) show that the SRL process of successful students is more
similar to our theoretical model of SRL compared to the SRL process of unsuccessful students.
Investigating the development of sequential characteristics of S-SRL also falls under this view
on temporality. For example, Molenaar and Chiu (2014) show that there is remarkable stability
in sequential relations between socially regulated learning actions and cognitive actions.
Finally, one can study transformations of sequences looking at their duration and fluctuations
over time. For example, Kuvalja and colleagues (2014) show that children with specific
language disorder show self-directed speech and self-regulation behavior in sequences that
are longer and more complex than typically developing children.

Yet, despite these theoretical assumptions of sequential and temporal characteristics, com-
prehensive research collecting empirical findings to support these theories is scarce and there
have been few validations in real learning settings (Bannert and Mengelkamp 2013; Biswas
et al. 2010; Greene and Azevedo 2007; Greene and Azevedo 2010; Schoor and Bannert 2012;
Winne and Nesbit 1995). Therefore, the objective of this special issue is to explore the time
and order in S-SRL processes to further enhance our theoretical understanding of the construct
and how its” dynamic characteristics influence learning. These analyses can be done focussing
on the individual sequential and temporal characteristics of S-SRL actions and/or by
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investigating the temporality of sequential characteristics. This information is essential to
understand contextual features of regulated learning in individual and social settings. For most
contributors, this research is eventually aimed at developing meaningful interventions to
support learners to apply these processes more effectively.

The contribution of this special issue for understanding sequential and temporal
characteristics of self and socially regulated learning

The five papers in this special issue show how different researchers in the field of S-SRL
analysed time and order in S-SRL processes. What is specific, is that research questions drove
inquiries embedded in different theoretical backgrounds incorporating various perspectives on
time. What is common, is that all papers applied different methodologies to explore
the temporal characteristics of S-SRL. Below, we will discuss each of the papers
shortly in the light of both their theoretical contribution and their methodological
approach.

The first paper by Kuvalja and colleagues (2014) focused on the mediating role of self-
directed speech in emerging self-regulatory behavior in young children. They investigated
real-time temporal interactions between self-directed speech and self-regulatory behavior in
children with specific language disorder in comparison with typically developing children.
Often this comparative research is performed using correlation methods which are unable to
capture the temporal characteristics the authors are interested in. They combine the two views
of temporality looking at the prevalence and the co-occurrence of self-directed speech and self-
regulatory behaviour.

In Kuvalja et al. (2014) self-directed speech and self-regulatory behaviours were observed
and coded from childerns’ verbal and non-verbal behaviour. The authors used frequency
analysis to assess the prevalence of the behaviours, sequential lag analysis to determine
adjacent sequences of behaviours and temporal (t)-pattern analysis to search for recurring
non-adjacent patterns. Frequency analysis showed no differences in the rate of self-directed
speech or self-regulatory behaviors between the two groups. Nor were differences found in
adjacent order between the self-directed speech an self-regulatory behaviour between the two
groups with sequential lag analysis. T-patterns did show a difference between the two groups:
temporal patterns of self-directed speech and self-regulatory behaviour of children with
specific language disorder were more in number, more complex and typically included self-
directed speech utterances.

In this study, the researchers elegantly showed the importance of t-pattern analysis in its
ability to detect extended temporal structures in the data that otherwise would have remained
undetectable. These differences between the two groups could not be revealed using either
frequency analysis or sequential lag analysis. The authors indicated that t-pattern analysis is an
useful method for studying development as it unfolds over time. They do conclude that more
insights in the use of this method and the setting of parameters is needed for the field to
progress.

Malmberg, Jarveld and Kirschner (2014) investigated the temporal characteristics of stu-
dents’ strategies use during learning making a distinction between students’ behaviour in ill
and well-structured tasks. Their research is grounded in the assumption that the learning task
influences how students self-regulate their learning. Specifically, Malmberg et al. (2014) were
interested if, how and when students’ apply strategies aligned with the task type and on/off-
track task performance. This study aimed to show that trace based methods are an appropriate
solution for measurement problems of self-regulated learning where either students over-
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estimate their skills in self-reports or thinking aloud procedures impediment their learning
performance.

Based on log file events from the computer based learning environment gStudy, the
students’ strategic actions were determined. Transition matrix’s defined the sequences among
these strategic actions. Sequences that occurred more than 3 times were considered as learning
patterns. As such the authors also combined the two perspectives on temporality analyzing the
prevalence of strategies and learning patterns. They showed that although there was no
difference in the amount of on /off-track task solutions between well- and ill-structured tasks,
the learning patterns in ill-structured tasks seem less strategic. These patterns were oriented
more towards understanding the task by explaining and questing, whereas in well-structured
tasks these patterns were more directed at information selection. Additionally, there were
indications of intra-individual differences in the use of learning patterns over time. On-track
students applied learning strategies in later phases compared to off-track students.

Malmberg et al. (2014) indicated that investigating intra-individual differences in students’
strategies can contribute to our understanding how students self-regulate their learning. This
requires the application of mixed methods designs and process-oriented approaches with a
focus on sequential and temporal characteristics of strategy use. These analyses will elicit
insights into how students allocate their strategic actions and how that relates to their task
understanding.

Molenaar and Chiu (2014) focused on the relative arrangements of multiple events perspective
on temporality analyzing how different learning activities alternate during collaborative learning
and the role of scaffolding of self-regulated learning there on. The rational for this study were their
earlier findings that cognitive, metacognitive and relational activities contribute significantly to
learning, yet the micro-level relations among these activities and how they support effective
collaborative learning were unknown. Therefore, Molenaar and Chiu (2014) explored how
sequences of students’ cognitive, metacognitive and relational activities affect the likelihoods of
subsequent low vs. high cognitive activities during collaborative learning. Moreover, they
investigated whether these arrangements remained stable over the instructional time analyzed.

In their study, three methods were applied; namely content analysis to determine different
learning activities in the groups discourse; statistical discourse analysis to model the sequential
relations among these activities and, finally, discourse analysis to show representative excerpts
to explicate the relationships among these learning activities. Analysing the behaviour of low
and high cognition during the instructional unit (6 h) indicated that there were intra-group
differences in the use of low and high cognition over time, but no stable time periods could be
depicted across groups.

Results indicated that there were remarkably long lasting (6 lags) positive effects of both
low and high cognition on itself. Among metacognitive activities, planning, monitoring and
evaluation immediately aided low cognition, whereas planning and evaluation supported high
cognition with a lag of 2 or 3 events. Orientation reduced the likelihood of high cognition. A
reoccurring sequence suggested the facilitating role of planning in transitions between low and
high cognition: namely planning induced low cognition which then sparked high cognition.
Finally, scaffolding was related to high cognition but it did not alter the sequences found
among the learning activities. This study contributed to our micro level understanding of how
regulation is embedded in collaborative learning. The stability found among learning activities
encourages further exploration of temporal characteristics of socially regulation building
towards micro interaction model of socially regulated learning.

Bannert, Reimann and Sonnenberg (2014) researched students’ spontaneous use of SRL
strategies focussing especially on the temporal order among these strategies. Based on the
assumption that there are intra-individual differences between successful and unsuccessful
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students, they compared the sequential relations among self-regulated learning strategies
between these two groups. The main view on temporality in this study was on the arrangement
of multiple events. The researchers used content analysis of students’ think aloud protocols to
determine SRL actions and process mining to model self-regulated learning processes of
students. According to the authors, process mining is an appropriate analysis method to
provide insight into the temporal characteristics of students’ self-regulated learning. Process
mining does not consider time as a continuous variable, but it can identify, confirm and extend
process models based on event based data.

Bannert et al. (2014) results showed that the process models of successful and unsuccessful
students differed both in the amount of self-regulated learning events they performed as well as
in the relations between these events. Yet, in order to compare the process models found by the
process mining algorithms with our theoretical models of self-regulated learning, the authors
needed to aggregate the coded data into new categories clustering different events.
Consequently, the results indicated that the self-regulated learning process model of successful
students came closer the expectations of self-regulated learning theory than the process model
of unsuccessful students. These students analysed, monitored, read, processed and evaluated,
whereas, unsuccessful students analysed, read, repeated, processed and monitored but did not
evaluate their learning.

This study contributed to our understanding of how regulatory activities unfold over time
and contributed to empirical evidence of the sequential characteristics and the cyclical process
in self-regulation theory. As next steps Bannert et al. (2014) suggested that the field can benefit
from data mining methods, but that we need more knowledge to use these methods appropri-
ately. Moreover, data mining efforts should be guided by a theoretical framework that matches
with the level of the data coded. Currently, we lack a micro-level model of SRL to guide these
efforts at the appropriate granularity level.

Kinnebrew and colleagues (2014) started from the need for adaptive scaffolding to support
students’ self-regulated learning in their computer based learning environment called Betty’s
Brain. They envision a system that interprets students’ actions during learning to adaptively
scaffold students’ progress when they are learning. However, currently it is difficult to
accurately infer students’ use of strategies based on the traces they leave in computer based
learning environments. The authors used exploratory data mining techniques to track and
identify students’ use of cognitive and metacognitive strategies. Especially the use of their
cognitive/metacognitive task model helped to map the logfile traces on students’ strategy use.
The methods applied are hierarchical clustering method to group patterns with similar trends in
occurrence over time and sequential pattern mining to find patterns of observed behaviors that
are common among groups of students. Finally, heatmaps were used as a visualisation method
to compare how scaffolding conditions differed in their strategies use over time.

In this study they compared two experimental conditions receiving different kind of
scaffolds with a control condition. The experimental groups received different forms of
scaffolding, knowledge construction support or solution evaluation strategies. Although the
three conditions do not differ in learning gains, exploratory data mining methods did show
differences in strategy use between the three conditions. Specifically, both groups receiving
scaffolds showed the strategy use induced by the scaffolding within the time window of the
scaffolding. The heatmaps clearly indicated the differences in strategy use between the
conditions.

As a next step, Kinnebrew et al. (2014) study indicated a need to refine their methods to
better characterize and understand strategies use during learning. Especially, the integration of
more detailed contextual information to better understand students learning behaviour is
indicated as a promising direction. Moreover, they indicated the need for more microgenetic
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analysis of students’ metacognitive strategies during learning in Betty’s Brain to understand
and validate the behavior patterns found through data mining.

To summarise, Table 1 outlines the main aspects of the contributions in this special
issue. All contributions looked at sequential characteristics of S-SRL and most
analyzed the temporal characteristics as relative arrangements of multiple events,
which is closely connected to the theoretical notion of self and socially regulated
learning as a series of SRL events that act dynamically over time and contexts. The
first two papers (Kuvalja et al. 2014 and Malmberg et al. 2014) also incorporate the
analysis of individual temporal characteristics of events and show how both perspec-
tives on temporality provide different insights into sequential and temporal character-
istics of self-regulatory behaviour and strategy use. The research questions addressed
are mostly exploratory and comparative addressing differences in sequential and
temporal characteristics of self-regulated learning between different groups. The stud-
ies in this special issue did not explore the connection between these characteristics of
self-regulated learning and students’ learning gains. Although in some contributions
(Kinnebrew et al. 2014; Malmberg et al. 2014), when no differences in learning gains
were found between the groups compared, there were substantial differences between
the groups in temporal and/or sequential characteristics of strategy use.

All studies have defined the time window investigated based on the instructional unit,
except for Molenaar and Chiu who additional looked at the homogeneity of the use of low and
high cognition over time to further segment time and Kinnebrew and colleagues who divided
the instruction unit in 5 additional time windows. Although data used in the analysis vary from
observation data (Kuvalja et al.), log file data (Malmberg et al. 2014; Kinnebrew et al. 2014),
think aloud data (Bannert et al. 2014), discourse data (Molenaar and Chiu 2014), all contrib-
utors used online measurement of S-SRL and view the construct as a series an events. The
methods used come from a range of methodological backgrounds from such as statistics
(Molenaar and Chiu 2014), data mining methods (Bannert et al. 2014; Kinnebrew et al. 2014;
Malmberg et al. 2014) and system dynamics (Kuvalja et al. 2014). Most authors pointed out the
need of a more advanced understanding of the methods used. For example Bannert et al. 2014
and Kuvalja et al (2014). indicated the importance of making more guidelines for setting
parameters and significance levels when applying algorithms.

From these studies, we can see that the connection between studies into temporal charac-
teristics and self-regulated learning theory is challenging. These papers analysed self-regulated
learning at a micro level and a number of authors (Bannert et al. 2014; Kinnebrew et al. 2014
and Molenaar & Chiu (2014) signposted the need for more micro level theory to further
articulate our understanding of the temporal characteristics of self and socially regulated
learning. Moreover, intra-individual differences in temporal use of self-regulated learning need
future attention (Bannert et al. 2014; Malmberg et al. 2014 and Molenaar & Chiu 2014).

This is the first time that a special issue is specifically focused on sequential and temporal
characteristics of S-SRL. The authors reported new methodological techniques to analyze time
and order in S-SRL processes and these contributions show evidence that the use of self-
regulated learning strategies is dynamic over time, contexts and student characteristics, which
provides empirical support for the conceptualisation of self and socially regulated learning as
event-based constructs. Stability over time, context and students characteristics on the other
hand would have pointed towards trait-related behavior (Schmitz 2006). To conclude, this
special issue shows the importance of research into the sequential and temporal characteristics
of self and socially regulated learning. These contributions also embody an articulation of the
need to enhance our understanding of the temporal characteristics in general in the field of
learning and instruction.
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