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Abstract
This study focuses on the process of self-regulated learning by investigating in detail how learners
engage in self-regulated and strategic learning when studying in g/nStudy learning environments.
The study uses trace methods to enable recognition of temporal patterns in learners’ activity that
can signal strategic and self-regulated learning.
The study comprises three data sets. In each data set, g/nStudy technology was used to support
and trace self-regulated learning. In the analysis, micro-analytical protocols along with qualitative
approach were favoured to better understand the process of self-regulated and strategic learning in
authentic classroom settings.
The results suggested that the specific technological tools used to support strategic and selfregulated learning can also be used methodologically to investigate patterns emerging from
students’ cognitive regulation activity. The advantage of designing specific tools to trace and
support self-regulated learning also helps to interpret the way in which the learning patterns
actually inform SRL theoretically and empirically. Depending on how the tools are used, they can
signal the typical patterns existing in the learning processes of students or student groups.
The learning patterns found in the students’ cognitive regulation activity varied in terms of how
often the patterns emerged in their learning, how the patterns were composed and when the
patterns were used. Moreover, there were intra-individual differences – firstly, in how students
with different learning outcomes allocated their study tactic use, and secondly, how self-regulated
learning was used in challenging learning situations perceived by students.
These findings indicate log file traces can reveal differences in self-regulated learning between
individuals and between groups of learners with similar characteristics based on the learning
patterns they used. However, learning patterns obtained from log file traces can sometimes be
complex rather than simple. Therefore, log file traces need to be combined with other situationspecific measurements to better understand how they might elucidate self-regulated learning in the
learning context.

Keywords: cognitive learning strategies, computer based learning environments, log file
traces, self-regulated learning

Malmberg, Jonna, Itsesäätöinen oppiminen ja oppilaiden strateginen toiminta g/
nStudy oppimisympäristössä.
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Kasvatustieteiden tiedekunta
Acta Univ. Oul. E 142, 2014
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Tiivistelmä
Tässä väitöskirjassa tutkitaan oppilaiden itsesäätöisen ja strategisen oppimisen ilmenemistä
oppimisprosessin aikana. Tutkimuksessa hyödynnetään g/nStudy- oppimisympäristöä, jonka
avulla on mahdollista tukea ja jäljittää oppimisen strategista toimintaa. g/nStudy-oppimisympäristö tallentaa lokidataa, joka on tarkkaa ajallista informaatiota siitä toiminnasta, jota oppilas
tekee työskentelynsä aikana. Toisin sanoen, lokidatasta on mahdollista jäljittää ne tiedot, jotka
reflektoivat strategista – ja itsesäätöistä oppimista. Erityisenä mielenkiinnon kohteena oli selvittää miten lokidatasta voi löytää strategisia oppimisen toimintamalleja, ja miten nämä strategiset
oppimisen toimintamallit vaihtelevat oppilaiden, oppilasryhmien ja erilaisten oppimisen tilanteiden aikana.
Väitöstutkimus muodostuu kolmesta erillisestä tutkimusaineistosta. Jokaisessa kolmessa
aineistossa on hyödynnetty g/nStudy-teknologian mahdollisuuksia tukea ja jäljittää itsesäätöistä
oppimista. Tutkimusaineiston analyysissä hyödynnetään mikroanalyyttista lähestymistapaa sekä
laadullista tutkimusotetta. Tutkimuksen analyyttinen lähestymistapa antaa mahdollisuuden
ymmärtää itsesäätöisen- ja strategisen oppimisen ilmenemistä aidossa oppimistilanteessa.
Tutkimustulokset osoittavat, että oppimisympäristöön sisällytettyjä teknologisia työkaluja
voidaan käyttää tukemaan itsesäätöistä ja strategista toimintaa. Sen lisäksi samoja työkaluja voidaan käyttää myös menetelmällisenä välineenä tutkittaessa itsesäätöistä – ja strategista toimintaa erilaisissa oppimistilanteissa. Tutkimus -tulokset osoittavat, että oppimisen strategiset toimintamallit vaihtelivat oppilaiden – ja oppimistilanteiden välillä. Oppimisen strategisissa toimintamalleissa oli myös laadullisia eroja sen suhteen, miten usein ne ilmenivät oppimisprosessin
aikana ja mistä strategisista toiminnoista ne koostuivat.
Johtopäätöksenä voi todeta, että lokidatan käyttäminen tutkimusmenetelmänä edesauttaa paljastamaan opiskelun strategisia toimintamalleja oppilaiden – ja oppilasryhmien välillä. Tutkimuksen perusteella voidaan todeta, että strategiset toimintamallit voivat olla hyvinkin monimuotoisia. On tärkeää tunnistaa, missä tilanteissa ja milloin näitä toimintamalleja käytetään ja erityisesti mikä on niiden vaikutus oppimisen laatuun.

Asiasanat: itsesäätöinen oppiminen, lokidata, oppimisen strategiat, tietokoneavusteiset
oppimisympäristöt
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1

Introduction

Finland has typically outperformed other countries in the Programme for
International Student Assessment (PISA), which evaluates education systems
worldwide. However, for the past two years Finland has lost its number one place
to other countries. This has caused the Ministry of Education and educators to
speculate on the reasons for this development. The PISA does not directly
measure student performance on specific school subjects; instead, it measures
how capable learners are at applying knowledge to real-life situations (OECD,
2012). This is to say, memorisation of facts and rules is not enough. Rather,
learning today can be viewed as not only a change in individuals’ thinking, but
also the capability to apply and make use of knowledge in different situations
(Sawyer, 2006). It requires learners to understand the reasons why they are
learning, differentiate between relevant and irrelevant information, and apply
strategic skills to manage and make use of new knowledge when the opportunity
arises.
We live in a society where a vast store of information is at our fingertips. Any
desired information can easily be found using a device connected to the Internet.
Even children know how to use Google to find interesting information, or
YouTube to find detailed instructional videos. Even the language barrier is no
longer an issue thanks to Google Translator. Learners of all ages know how to use
technological devices for learning, but when they enter school their most natural
method of learning is taken away from them. In other words, the learners fail to
see the connection between how and what they are learning at school and their
own lives.
It has been argued in the Finnish media that learners are too restless to focus
on school tasks, or they lack interest in education and schooling. Yet, when
learners enter school, they are mostly faced with learning tasks that do not
necessarily require them to think strategically or take charge of their own learning
path (Lavonen & Laaksonen, 2009). Several years of educational research has
proven that to learn effectively, learners need to take responsibility for their own
learning and realise what their strengths and weaknesses are in various learning
situations (Pintrich & de Groot, 1990). In other words, they need to learn how to
engage in self-regulated learning (SRL). SRL involves directing one’s mental
capabilities towards meaningful learning. It requires the purposeful use of skill
and will —especially in the face of challenges (McCombs & Marzano, 1990;
Hadwin, Järvelä & Miller, 2011). Thus, challenging learning situations create
13

opportunities for strategic and self-regulated learning, but also frame the intent to
learn (Järvelä, Järvenoja, Malmberg & Hadwin, 2013). ‘Skill’ in SRL entails
purposeful attempts to bridge the gaps between abilities and task demands by
knowing how to use strategies that can assist learning (Zimmerman & Schunk,
2011). ‘Will’ refers to persistence in using and refining those strategies, especially
in the face of failure (Perry & Rahim, 2011). Learners need to figure out effective
ways to overcome obstacles that can interfere with their learning. However,
leaving learners alone hardly leads to effective learning (Kirschner, Sweller &
Clark, 2006). Rather, learners need extensive support to manage on their own and
learn strategically (Sockalingam & Schmidt, 2013). That is why educators should
support learners in planning their learning, searching for information and making
mistakes. After all, learners acquire strategic skills from their experience of their
surroundings (Zimmerman, 2000). Moreover, technology should be treated as a
way to improve the flexibility of learning. This is not an easy task, but it is
something to aim for.
This dissertation will focus on these issues by investigating in detail how
learners engage in self-regulated and strategic learning in authentic school tasks.
Therefore, the first objective is to recognise the patterns of temporal sequences of
learning events that can signal strategic and self-regulated learning. Despite
decades of research on SRL has increased our understanding of successful
learning (Paris & Paris, 2001; Hadwin & Winne, 1998; Schmeck, 1988), we still
do not know much about the actual processes of SRL, which is mostly due to
methodological solutions (Cleary, 2011; Zimmerman, 2008). Most models of SRL
suggest a time-ordered sequence of regulatory activities, but there is no
assumption of a strict order (Azevedo & Johnson, 2009; Winne & Hadwin, 1998;
Zimmerman, 2000). Our current understanding is still limited on how different
types of learning activities might contribute to a larger framework of regulatory
activities (Bannert, Reimann & Sonnenberg, 2013). Moreover, understanding the
temporal sequences of learning events can enrich the development of theoretical
approaches to SRL (Bannert, Reimann & Sonnenberg, 2013; Järvelä, Järvenoja &
Näykki, 2012).
The second objective is to examine the differences between successful and
less successful learners’ cognitive regulation activities and the strategies they use
during the learning process. Relevant questions include: What can explain these
differences? Are the successful learners doing something different to the less
successful learners? If the answers to these questions are found, perhaps they
could lead to the development of appropriate support for these learners’ SRL. In
14

particular, computer-based learning environments (CBLEs) show promise in
complementing and advancing support for self-regulated learners of all ages
(Rochelle, 2013).
Besides technological solutions opening up new avenues of support for SRL,
they also introduce new methods for capturing SRL as an event, through log file
traces of learner activity (Winters et al., 2008). Scaffolds, scripts or prompts
embedded with instructional designs and software systems provide the means to
capture SRL as it unfolds in various settings (e.g. Azevedo & Hadwin, 2005;
Soller, Monés, Jermann & Muehlenbrock, 2005). Therefore, the choice to
investigate SRL as a process also entails a methodological challenge —how to
design learning activities that might mirror the different processes of SRL.
The third objective is to exploit log file traces generated from the use of
software tools that prompt strategic and self-regulated learning. The aim is to
advance the implementation of process-oriented methods, especially log file
traces, to identify markers that could inform cognitive regulation activities. To an
extent, the methodological choices mirror how SRL is viewed (Järvelä, Järvenoja
& Näykki, 2012). That is, whether SRL is viewed as a stable, individual aptitude,
or something that varies depending on the learning situation. In that sense, log file
traces yield highly situation-specific data. Yet, log file traces produced by learners’
activities in CBLEs do not necessarily completely reveal the learners’ attempts to
self-regulate their learning. This leads to the questions: How can one recognise
instances from log file traces that might reflect strategic learning? And how can
learning situations that require SRL be identified?
The fourth objective is to combine log file traces with different data sources
to reveal differences in SRL activities. Log file traces are objective data, but
subjective data are also needed to elucidate why learners choose to perform
certain activities.
This dissertation constitutes two parts: In the first part, the theoretical
foundations underlying what constitutes SRL and how it is viewed are discussed.
This part also elaborates on how SRL has been supported, especially in regard to
CBLEs. It also describes the methods, including the means used to analyse and
interpret computer-generated log file traces. The first part concludes with a
discussion of the aims and main findings. The second part consists of four
published or submitted international peer-reviewed articles. These articles report
the body of the empirical results of this dissertation.
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2

Theoretical framework

Successful learners are often described as being in charge of their own learning
(Zimmerman, 2008). They pay attention to task analysis, set manageable learning
goals, plan, adapt their learning strategies and constantly monitor and evaluate
their progress (Winne & Hadwin, 1998). In other words, self-regulation refers to
cognitive constructive process in which students attempt to adjust their mental
abilities to task-specific academic skills.
Despite theories and models of SRL being explored for decades, there is no
specific model that can be applied when investigating the process of regulated
learning. Recent empirical studies on SRL have emphasised the adaptations
learners make during a single learning situation, or across such situations, as a
key element of SRL (Boekaerts & Niemivirta, 2001; Johnsson, Azevedo &
D`Mello, 2011; Zimmerman, 2001). This makes SRL inherently situated, since
each learning situation forms its own entity with unique challenges. Accordingly,
SRL should be treated as a situation-specific construct (Greeno, 2006). To specify,
learners do not spontaneously self-regulate their learning. Most learners miss the
situated opportunities that invite such regulation (Hadwin, Järvelä & Miller, 2011).
For this reason, much work has focused on understanding how SRL actually takes
place in authentic learning settings, and investigating the best ways to increase
learners’ awareness of active regulation (e.g. Azevedo & Cromley, 2004; Bannert
& Reimann, 2012; Järvelä & Hadwin, 2013).
SRL skills can be taught and learned. On that account, the focus of SRL
theory is trying to understand how learners come to set different types of goals
and how they plan and adapt their learning strategically to reach these goals in
various learning situations (Zimmerman & Schunk, 2011). It has been noticed that
children’s use of learning strategies depends on their experiences in the school
context, rather than on their age (Alexander et al., 1998). That is, children apply
strategies more effectively if they are allowed to practice them, so they can judge
what strategy to use in a specific learning situation, and when to use it. Perry
(1998) has evidenced that children can demonstrate metacognitive awareness if
they are given opportunities and appropriate guidance. This is to say, learners are
cued about which strategy to use and given the opportunity to self-generate an
appropriate learning strategy in a situation (Hadwin & Winne, 1996). In a sense,
SRL is adaptive—evolving based on past learning experiences (Hadwin, 2012).
This dissertation contributes to the research on the cognitive aspects of SRL
in real-life learning settings. It addresses how learners engage in SRL and use
17

cognitive learning strategies for learning in authentic classroom settings.
Moreover, it takes advantage of computer based learning environments (CBLEs),
such as g/nStudy, which are specifically designed to enhance SRL (Winne et al.,
2006; Winne, Hadwin & Beaudoin, 2010). Utilising the features of these learning
environments allows for an investigation into both SRL as a process and the key
features of successful learners’ study processes.
2.1

Self-regulated learning

During the 1980s, the term ‘self-regulated learning’ became quite fascinating,
because it stressed the importance of students being in charge of their own
learning (e.g. Paris & Byrnes, 1989; Zimmerman, 1989). SRL was viewed as an
individual, cognitive-constructive activity that includes interplay between
constructs such as cognitive strategies, metacognition and motivation. However,
SRL was viewed as a static, individual disposition, independent of the learning
context (Boekaerts & Corno, 2005). Today, several studies have evidenced that
SRL does not endure over different learning situations, or even different topics
(Hadwin, Winne, Stockley, Nesbit & Woszczyna, 2001; Wolters, 1999). During the
last two decades, a body of empirical research and theoretical development of
SRL models has increased our understanding of what characterises SRL (Winne
& Hadwin, 1998; Pintrich, 2000b; Zimmerman, 2000). Contemporary models of
SRL propose that it is affected by social and contextual factors, and therefore
varies depending on the learning situation (Hadwin, Järvelä & Miller, 2011). The
socio-cognitive perspective of SRL advocates that it is best understood in terms of
triadic reciprocity, whereby cognitive and personal factors, environment and
behaviour interact in reciprocal ways (Bandura, 1989). The reciprocity, which
includes the social environment and various learning contexts, represents
cognition as fundamentally social and situated (Zimmerman, 1989; Hadwin,
Järvelä & Miller, 2011). The environment has a significant effect on the
development of SRL, and also influences the actualised SRL. Understanding SRL
also involves recognising that contextual features shape and constrain the quality
of students’ learning. Yet, at the same time, how students learn is influenced by
what individuals bring to the specific learning situation (Butler & Cartier, 2004).
Therefore, self-regulation of learning is seen as an active process, rather than a
static attribute of the learner (Pintrich, 2000a; Winne & Hadwin, 1998;
Zimmerman, 2011). The socio-cognitive perspective emphasises individual
control over learning in various learning situations. From this perspective, the
18

degree to which SRL is actualised is assumed to be determined by one’s
interpretations of the current learning situation (Zimmerman, 1989, 2001). To
conclude, even though one might know how to self-regulate learning, it does not
necessarily mean that SRL is activated (Hadwin, Järvelä & Miller, 2011). Because
of that, not only do students’ traits (such as aptitudes) influence successful
learning or the characteristics of a learning situation, but so to do the activated
self-regulation processes that mediate the relations between the person, the
context and the learning success. Therefore, SRL entails more than just individual
skills; it also includes situational features and conditions that are conducive to the
self-regulation of learning (Alexander, 1995).
Approaching SRL from a socio-cognitive perspective entails the assumption
that the social and the self are viewed as separate entities, and the role of social
and environmental factors is to influence the learner and provide opportunities for
the development of SRL skills (Hadwin, Oshige & Gress, 2010). Hadwin, Järvelä
and Miller (2011) advanced a theoretical framework of SRL that considers social
factors as central. As such, SRL can be shaped by co-regulation or constructed as
socially shared regulation of learning. Co-regulation is a form of regulated
learning where learners’ regulatory activities are supported or constrained by
others. However, in co-regulated learning the regulatory activity changes because
of the social interaction (Volet, Summers & Thurman, 2009). Socially shared
regulation instead emerges when individuals align their individual self-regulation
with the collective socially shared regulation of learning. In such situations, they
negotiate shared task perceptions, goals and strategies (Hadwin, Järvelä & Miller,
2011; Järvelä, Hadwin, Järvenoja & Malmberg, 2013). Despite the fact that these
three forms of regulated learning exist, and are essential for collaborative
learning, in this dissertation the specific focus is on investigating the process of
SRL.
2.2

Models of self-regulated learning

In the literature, different models of SRL include elements such as planning, goal
setting, monitoring and controlling the progress towards the learning goal
(Zimmerman, 2000; Pintrich, 2000a; Winne & Hadwin, 1998; Weinstein, Husman
& Dierkin, 2000). These models describe SRL as a continuum of three to four
learning phases that lead to students’ SRL by building on the previous phases
(Pintrich, 2000a; Winne & Hadwin, 2008). It is assumed that these phases can
occur multiple times during a single learning situation or across several learning
19

episodes, but they do not necessarily unfold in order (Winne & Hadwin, 1998;
Zimmerman, 2002). The models that describe SRL (e.g. Pintrich, 2000a;
Weinstein, Husman & Dierkin, 2000; Winne & Hadwin, 2009; Zimmerman, 2011)
share a similar architecture of SRL in terms of the phases that occur during the
SRL cycle, but they do differ in which aspects of SRL they emphasise.
Zimmerman (2011) and Pintrich (2000) focus mainly on the motivational aspects
of SRL, whereas Winne and Hadwin (1998) focus more on the cognitive and
metacognitive aspects. Weinstein, Husman and Dierkin (2000) instead view SRL
as an integral part of strategic learning. Regardless of these differences, these
models have served as a basic theoretical framework for a number of empirical
investigations into how motivational, cognitive and metacognitive constructs are
realised in students’ learning. Despite these constructs often being viewed as
separate, they do influence each other. Therefore, there is a need to consider these
constructs together to better understand SRL (Pintrich, 2000b; Winne & Hadwin,
2008). However, SRL constructs and their interplay are complex rather than
simple, especially if SRL is considered as a process. Accordingly, each of these
constructs, such as motivation and metacognition, unifies its own field of research,
which has resulted in very detailed information concerning, for example, how
motivational and metacognitive constructs occur in learning situations (e.g.
Wolters, 1999; Piechl, 2009). Nowadays, it is no surprise that research on SRL
has moved towards investigating a single construct of regulated learning. Despite
the research becoming more detailed, it is still acknowledged that each of these
constructs (cognitive, metacognitive and motivational) plays an important role in
learning (Pintrich, 2000b). In this dissertation, the specific focus is on the
construct of cognitive regulation, following the theories of SRL (Pintrich, 2000a;
Winne & Hadwin, 1998; Zimmerman, 1989), which sheds light on how learners
interpret the task demands, plan and set goals, and maintain meaningful learning
by applying and adjusting learning strategies throughout their learning.
Three models, namely the general model (Pintrich, 2000a), the cyclical model
(Zimmerman, 2000) and the information processing model (Winne & Hadwin,
1998) are elaborated in more detail, since they have influenced how SRL is
framed and constructed in this dissertation. The notion of cognitive regulation
derives from Pintrich’s (2000a) general model of SRL, whereas the theoretical
foundation of how SRL is viewed is derived from Zimmerman’s (2000) cyclical
model of SRL. Finally, Winne and Hadwin’s (1998) information processing
model is considered the best for describing the processes underlying the four
phases of SRL. Moreover, these three models do present similar basic
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assumptions about SRL. In the next section, these three SRL models are described
in more detail.
2.2.1 The general model of self-regulated learning
The general model of SRL (Pintrich, 2000a) includes four phases: planning and
goal setting, monitoring, controlling and reflecting. When considering the phases
of SRL, it is not necessarily assumed that these four phases appear in a timeordered sequence. Rather, learners can simultaneously monitor, control and reflect
during learning tasks, and the information from these three phases can assist
learners in adjusting the goals and plans that were created in the first phase. Each
of these phases can be viewed from a perspective that focuses on cognitive,
motivational, behavioural or environmental constructs. Regulation of cognition
entails activation of prior knowledge and the goal setting phase. Monitoring refers
to metacognitive monitoring of comprehension toward learning goals. Controlling
refers to the selection and use of actual strategies for thinking and learning.
Reflecting refers to learner judgments and attributions of the final learning
performance.
One aspect of SRL is regulation of cognition (Pintrich, 2000a). Regulation of
cognition refers to a set of activities that assists learners in controlling their learning
(Schraw, 1998). It focuses on how learners understand the task, allocate their
resources and use various learning strategies to control and monitor their thinking
processes (Pintrich, 2002).
Similarly, as learners can regulate cognition, they can also regulate
motivation, through their beliefs about the task or self-schemas (Garcia & Pintrich,
1994). Regulation of motivation refers to learners’ attempts to maintain their
motivation by using different motivation regulation strategies (Wolters, 1999).
Regulation of behaviour refers to overt actions by the learner, such as effort, time
management and seeking help (Pintrich, 2000a). Contextual regulation involves
attempts to regulate the social and contextual environments. The advantage of
Pintrich’s (2000) general model is that it simultaneously takes account of the four
constructs of SRL. However, it does not explicitly state exactly how learners
regulate these four constructs during a single learning task. Thus, Pintrich (2001)
presents his model of regulated learning as a heuristic, since it is not supposed
that all learning necessarily involves explicit self-regulation.
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2.2.2 The cyclical model of self-regulated learning
The cyclical model of SRL (Zimmerman, 1989) is based on Bandura’s (1989)
socio-cognitive theory. From the socio-cognitive perspective, SRL skills are
gained through four levels that combine both vicarious learning and enactive
learning (Zimmerman, 1989; Hadwin, Oshige & Gress, 2010). The first level is
attained by modelling; for example, watching an example of how to plan learning.
This first level is reached when the learner can identify the main features of the
new skill, such as the characteristics of a certain strategy. The second level is
defined as enactive; that is, while performing the new skill the learner needs
feedback on how he/she is performing. In these first two stages, the most essential
aspects are the assistance or feedback generated by the environment and the
opportunity to rehearse the new skill in multiple ways. The third stage involves
applying the new skill in a familiar domain. The fourth stage is SRL; at this stage,
the student can adapt the skill to a new situation (Zimmerman, 2000).
The cyclical model of SRL includes triadic reciprocity between covert
personal, overt behavioural and environmental factors, which are viewed as
separable but interdependent in influencing the student’s learning. Covert selfregulation involves monitoring and adjusting cognitive and motivational states.
Behavioural self-regulation consists of self-observing and strategically adjusting
performance processes. Finally, environmental self-regulation includes observing
and adjusting environmental conditions or outcomes (Zimmerman, 1998). The
actual model of SRL consists of three cyclical phases: the forethought,
performance and self-reaction phases. The forethought phase directly influences
the performance phase, which determines the reactions that occur in the selfreflection phase, which feed back into the forethought phase, thus concluding one
full cycle of self-regulation (Zimmerman, 2001)
The forethought phase consists of two parallel components: goal-directed
strategic planning and activation of various motivational beliefs. During the
performance phase, learning strategies are used to achieve the goals set during the
forethought phase. In the self-reflection phase, learners react to their past
performance in terms of attributions, self-judgments and self-satisfaction. Based
on these reactions, SRL might change in future learning situations. The cyclical
model feeds back into the forethought phase and contributes to any continued
effort toward the task. Zimmerman’s model of SRL is more focused on describing
the motivational constructs that affect the learner’s actualised SRL. In
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Zimmerman’s (2001) definition, self-regulated learners can be identified based on
the degree of SRL that occurs.
2.2.3 The information processing model of self-regulated learning
The information processing model of SRL (Winne & Hadwin, 1998) concentrates
on the cognitive and metacognitive aspects of SRL. Like the general model, it
covers aspects of cognitive regulation (Pintrich, 2002), but does so in a more
detailed manner, splitting SRL into four distinct phases: task analysis, goal setting
and planning, enactment and adaptation. In essence, Winne and Hadwin’s (1998)
model separates task analysis from strategic planning and goal setting. By doing
this, it emphasises task understanding as a critical component of SRL. This means
that learners’ understanding of the task sets the foundation for the types of goals
and plans they create to accomplish their learning tasks (Winne & Perry, 2000).
Thus, goals and plans direct the use of learning strategies.
The cognitive architecture underlying Winne and Hadwin’s model of selfregulated learning
How SRL can be strategic is explained through the cognitive architecture
underlying Winne and Hadwin’s (1998) four-phase model. Figure 1 adapted from
Winne and Hadwin's (1998, 2008) theoretical model of SRL describes the
cognitive architecture of their model in details (Pieschl, Stahl & Bromme, 2008).
Each phase is embedded in the same general cognitive architecture constituting
conditions, operations, products, evaluations and standards (COPES). Conditions
determine how learners perceive the task and the self in the current learning
situation (Hadwin, 2012). External conditions (e.g. social and contextual features,
task complexity, resources, time constraints and environment), along with internal
cognitive conditions (e.g. metacognitive knowledge of the task’s characteristics,
knowledge of strategies to carry out, prior domain knowledge and efficacy
judgments about one’s capability to perform the task) influence throughout the
learning process and therefore inform the operations and standards that learners
carry out throughout the task (Winne & Hadwin, 1998, 2008) This is to say, based
on the learners’ perceptions of the context and self determines how they
understand the task, including the knowledge of tactics and strategies that are
needed to accomplish the task.
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The operations involved in memory storage and retrieval include searching
memory, monitoring new information’s fit with previously learned information,
assembling new links to knowledge and rehearsing and translating knowledge in
one form. These operations might be internal or external, but during the task
enactment these operations are the most visible in terms of the tactics and
strategies learners utilise to solve learning tasks. Operations that students use shed
light on the cognitive information manipulation process, such as study tactics, and
the array of tactics students utilise to carry out learning tasks. Operations create
both internal and external products. An internal product might be a plan of how to
solve a learning task, whereas external products—or ‘traces of cognition’—are
concrete, observable events, such as tactics and strategies (Winne, Zhou & Egan,
2011; Winne, 2001).
In each learning phase, these operations create products. These products
include task perceptions, goals and plans, and strategy use. These products are
compared to self-set standards through the metacognitive monitoring process, and
the fit between products and standards determines whether the products and
standards are aligned with each other so that the next phase of SRL can begin.
Lastly, evaluations might occur during a learning cycle or after the learning
task. For example, when the evaluation indicates a mismatch between a phase
product and a standard, students can enact control functions that can alter the
current and previous phase’s products. Based on the evaluation, learners can make
adaptations concerning task understanding, goals and plans, or the tactics and
strategies used. The COPES model aims to describe how students adapt SRL with
regards to the current learning task. Furthermore, it provides a means to
investigate how students’ use of study tactics and strategies can inform SRL.
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Fig. 1. Cognitive architecture undelying the four phase model of self-regulated
learning (cf. Winne & Hadwin, 1998; 2008; Pieschl, Bromme, Stahl, 2008).

Winne and Hadwin (1998) proposed that these four phases of SRL interact in a
weakly sequenced manner in a way that the standards created for learning in
previous phases produce a negative feedback loop, indicating a discrepancy
between the current and desired stages of learning. Metacognitive monitoring is
assumed to operate by comparing the conditions, operations or products against
corresponding elements in subsequent phases of learning. If the standards that are
set for learning do not match the products, learners are expected to enact control
processes to reduce the discrepancy (Greene & Azevedo, 2007). This shows that
metacognitive monitoring plays a key role in Winne and Hadwin’s (1998) model.
Although monitoring processes are essential for effective SRL, not all learners
deploy monitoring processes accurately while learning (Winne & Jamieson-Noel,
2002). Therefore, within Winne and Hadwin’s (1998) model, monitoring is
considered an optional but inherent part of SRL.
2.3

How self-regulated learning is activated in a learning situation

In the three SRL models elaborated above, it is acknowledged that there are
differences in how SRL is realised in a situation. First, how the phases of SRL are
cyclical in a learning situation is not clear. Second, how to define the degree of
SRL is not fully determined. Third, if learners do not monitor their learning
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progress, there is little to regulate. To summarise, these three models suggest that
despite the possibility of self-regulating learning, it is assumed that not all student
learning is optimally self-regulated, which actually leads to an empirical question:
how to determine the full cycle of SRL and identify the aspects of SRL in
practice.
Hadwin, Järvelä and Miller (2011) advanced a theoretical framework of SRL
by advocating that challenging learning situations create opportunities for SRL.
This is to say, challenges invite learners to contextualise their regulation strategies
in a situation (Järvelä, Järvenoja, Malmberg & Hadwin, 2013). At the same time,
they also contribute whether the SRL processes are conscious or not. It can be
argued that learners engage in SRL only when they judge it is needed. When the
learning process is effortless, conscious SRL goes underground and will not take
over until a challenge activates the need for SRL. If learners recognise these
challenges, it actually produces a need for SRL and adaptations (Hadwin, 2012).
Listing challenging learning situations as one core component of SRL implies that
SRL is best understood as an evolving process in the learning context (Hadwin,
Järvelä & Miller, 2011; Järvelä, Volet & Järvenoja, 2010). It is also argued that
how individuals self-regulate learning from situation to situation is not random
(Meece & Miller, 2001). It might be argued that some learners have developed a
larger variety of SRL strategies to cope with the situational demands.
Despite the similarities between the above-mentioned models of SRL, they
each provide a slightly differing view in terms of their focus and specificity. For
example, Pintrich (2001) and Zimmerman (1998) do not fully seek to explain how
the SRL processes interact in a learning situation, while Winne and Hadwin (1998)
seek to explain this by providing a description of the processes underlying the
phases of SRL (Puustinen & Pulkkinen, 2001; Johnsson, Azevedo & D´Mello,
2011). However, Winne and Hadwin’s (1998) model does not include descriptions
of how motivational processes might affect SRL in various phases. Yet, fully
understanding how SRL evolves in a situation requires a rather specific
description of how various constructs affect SRL. In this dissertation, the focus is
on specific SRL processes, such as how learners’ task perceptions and strategies
interact in learning situations. Therefore, Winne and Hadwin’s (1998) model of
SRL was selected as a basic principle to describe and understand the
characteristics of SRL during a single learning situation, or over multiple learning
situations, focusing on the cognitive regulation of learning (Pintrich, 2000a).
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2.4

The role of metacognition and cognitive learning strategies in
self-regulated learning

Conceptualisations between cognition, metacognition and SRL are often blurry.
This is because models of SRL often incorporate metacognition, but
metacognition does not involve self-regulation (Dinsmore, Alexander & Loughlin,
2008; Järvelä & Hadwin, 2013), and the use of cognitive learning strategies
requires metacognitive knowledge (Flawell, 1979). Constructs of metacognition,
such as metacognitive skills and metacognitive knowledge, are somehow similar
to processes of SRL (Winne & Hadwin, 1998; Pintrich, 2004). In addition,
processes such as planning, monitoring and controlling are metacognitive, but
also central to the theories of self-regulation (Winne & Hadwin, 1998; Pintrich,
2001; Järvelä & Hadwin, 2013). Monitoring, for example, occurs at the
metacognitive and cognitive levels (Hacker, 1998). By engaging in metacognitive
monitoring, learners can compare learning products resulting from the use of
strategies (at the cognitive level) against the standards or goals set for learning
(metacognitive level) (Winne & Hadwin, 1998). Standards at the metacognitive
level hold information on learner understanding about the subject matter and
whether the strategies that are applied correspond to the learning goals (Hacker,
1998; Perry & Winne, 2006). There is a continuous feedback loop between
metacognition and cognition; thus, the strategies students employ include decision
points that are metacognitive (Winne, Zhou & Egan, 2011). Therefore,
metacognition ‘knowledge about cognition’ becomes visible throughout the
learning strategies that can be used to manipulate and recall information
(Weinstein & Mayer, 1986).
Figure 2 illustrates the relationships between SRL, metacognition and
cognitive learning strategies. Metacognition is separated from SRL because it
directly influences actual strategy use. To summarise, SRL is seen as
superordinate to metacognition, whereas the cognitive strategies operate at the
lowest level. However, it should be noted that the relationships between SRL,
metacognition and cognitive learning strategies hardly are as simple as presented
in the Figure 2. The relationship is much more complex and there is conceptual
overlapping between these constructs. Therefore, Figure 2 illustrates how
relationships between SRL, metacognition and cognitive learning strategies are
viewed in this thesis.
To sum up, the fundamental differences between metacognition and SRL are
as follows: first, SRL has a broader focus than metacognition (Dinsmore,
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Alexander & Loughlin, 2008). Second, the foundation of metacognition is in the
mind of the individual, whereas SRL emphasises the reciprocal interaction
between personal factors, the environment and behaviour, which cannot be
separated (Bandura, 1989).

Fig. 2. The relationship between self-regulated learning, metacognition and learning
strategies.

Metacognition can be further divided into three different constructs: beliefs in the
self and others in respect to information processing skills; knowledge of different
task types and expected success in those tasks; and knowledge of effective
strategies that can be used to manage the task requirements (Veenman et al.,
2006). When considering Winne and Hadwin’s (1998) model of SRL, these
aspects are considered as internal conditions that affect further self-regulation.
2.5

Cognitive learning strategies

As noted previously, cognitive learning strategies function during the task
enactment phase (Winne & Hadwin, 1998) and incorporate into the larger
framework of SRL. A learning strategy is any action or process that facilitates
understanding, learning and meaningful encoding into memory (Weinstein &
Jung, 2011). Successful use of learning strategies assists in the storage of
information in long-term memory and supports the retrieval of information
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(Pressley & Harris, 2006). Thus, the actual use of strategies should ease learning
and understanding (Harris, 2006). Much research on strategies has focused on
examining the types of strategies that improve learning. Yet, the problem is that
learning strategies are partly built in learning situations. Therefore, the
effectiveness of a particular learning strategy is dependent on how it can best
serve its purposes in a given situation. Also, how learning strategies are used is
related to other SRL processes (McKeachie, Pintrich & Yi-Guang, 1985).
Alexander et al. (1998) defined strategies as procedural, purposeful, effortful,
wilful, essential and facilitative actions. To simplify, learners intentionally choose
activities that will enhance their learning.
In the literature, there are many definitions of what exactly constitutes a
learning strategy, and questions about whether learning strategy use is conscious
or unconscious (Pressley, Borkowski & Schneider, 1987; Weinstein, Husman &
Dierkin, 2000; Winne, 2001). Sometimes, strategy use might be so automated in a
particular task or context that it does not require extra effort to execute. However,
it is argued that strategies are potentially conscious and controllable depending on
the learner’s will to pursue strategic behaviour (Garner & Alexander, 1989;
Pressley, Borkowski & Schneider, 1987).
Definitions of learning strategies can vary depending on whether strategy use
is viewed as a subcomponent of SRL, or whether SRL is viewed as a part of
strategic learning (Winne & Perry, 2000; Weinstein, Husman & Dierkin, 2000).
For example, Weinstein et al. (2000) defined strategic learning in terms of skill
(ability to use strategies), knowledge (knowledge of learning strategies), will
(motivation to use learning strategies) and self-regulation (control over cognitive,
motivational and environmental factors). Components of SRL, such as planning
and goal setting, are also viewed from the strategy perspective. Similarly, Presley,
Borkowski and Schneider (1987) classified learning strategies in terms of the
purposeful operations students apply that are the consequences of doing the task,
including goal-specific strategies for different types of tasks and monitoring
strategies that are used to monitor these goal-specific strategies.
Accordingly, learning strategies are not usually distinguished from study
tactics; rather, the terms are often used synonyms with each other (Kirby, 1988;
Winne, 2001). However, there is a minor difference between learning strategies
and study tactics: a strategy (that is purposeful and goal directed) coordinates a
set of tactics, which are single cognitive operations (Winne, 2001; Zimmerman,
1998). This is to say, learning strategy use has a broader influence than tactic use;
but at the same time, when a student applies tactics, it also informs about the
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strategy use (Winne, 2001). Since learning strategies are situation specific, it is
important for students to identify how study tactics that accomplish a strategy are
actually used (Hadwin et al., 2007). Namely, the choices about what study tactics
to perform during learning embed self-regulation into strategic learning. The
ability to adapt study tactics as learning situations change sheds light on how
students actually form and maintain their learning intentions (Boekaerst & Corno,
2005).
Because of the somewhat varying definitions of what actually constitutes
strategic learning, in this dissertation, learning strategy use is viewed as a part of
SRL. The actual learning strategy use occurs as a result of comparing the current
state of learning with the desired state of learning during the task execution
(Pintrich, 2000a; Winne & Hadwin, 1998). Therefore, learning strategies are used
to facilitate information processing.
Weinstein and Mayer (1986) split general learning strategies that facilitate
information processing into three types: rehearsal, elaboration and organisational.
This classification represents both the means of a learning strategy and the
concrete actions students can use to apply a learning strategy.
Rehearsal strategies. The purpose of a rehearsal strategy is to keep the
information active in the memory without modifications. Rehearsal strategies
involve memorisation of facts, such as repeating words in the correct order or
using mnemonics. Other examples are highlighting the main ideas in the text or
skimming the material to be learned (Shraw, 1998). For example, using
highlighting to identify key ideas offers an opportunity for more meaningful
information processing to take place (Weinstein, 1988). Skimming the learning
material, to search for headlines or summaries for example, helps to recognise the
basic information, which enhances attention and focus, especially before studying;
thus, it offers the possibility to process the information further.
Elaboration strategies. The purpose of elaboration strategies is to connect the
information that the learner already knows to what they are trying to understand.
Therefore, the learner can modify the information in various ways. Elaboration
strategies involve paraphrasing, summarising and explaining ideas by making
notes. Importantly, the learner needs to link the to-be-learned information to their
prior knowledge structures (Weinstein & Mayer, 1986).
Organisational strategies. The purpose of organisational strategies is to
categorise and organise information into another form so the learner can more
easily understand and see the connections between concepts or categories
(Weinstein, 1988). The use of organisational strategies fosters externalisation of
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knowledge and enhances selection of the most important concepts (Hilbert &
Renkl, 2008). These strategies include creating concept maps, diagrams and
timelines (Weinstein & Mayer, 1986).
SRL strategies. Besides strategies being used to facilitate encoding,
memorising and retrieval, they can also be used for SRL (Pintrich & DeGroot,
1990; Shraw, 1998; Weinstein, 1988). The difference between general learning
strategies and strategies for SRL is that SRL strategies do not focus on
information processing as such, but rather can be used for facilitating activation
of prior knowledge (‘What do I know about these topics?’), task understanding
(‘What is this task about?’), goal setting (‘What do I need to focus on?’),
monitoring (‘Do I understand what I am reading?’, ‘Am I identifying the main
ideas?’) and evaluating (‘Is there something I could have done differently?’) (e.g.
Pintrich & DeGroot, 1990; Schraw, 1998; Järvelä, Hadwin, Järvenoja &
Malmberg, 2011; Weinstein, Husman & Dierkin, 2000).
Recently, the contextual nature of strategies has been emphasised in strategy
research. It has been recognised that the strategies learners apply are highly
dependent on contextual features such as situational interpretations, task
understanding, domain knowledge, motivational tendencies and knowledge about
tactics and strategies in a learning context (Järvelä & Niemivirta, 2001; Winne,
1996; Zimmerman, 2008). Although strategies are contextual, there are general
learning strategies that can be used across domains, since typically domainspecific strategies are more specialised versions of general learning strategies
(Alexander, Graham & Harris, 1998). Despite there being an underlying rule
behind the different types of general learning strategies, it is argued that strategies
are still generated by a person in a given learning situation, and the use of
strategies goes beyond simply by following the rule (Paris et al., 2001).
Accordingly, to be successful strategy users, learners need to identify the task
characteristics and the problem where the strategies can be applied.
To summarise, strategy use in SRL requires a coordinated set of study tactics
aimed at mastering a new skill or topic (Winne, 2001; Zimmerman, 1998;
Weinstein, 1988). When strategy use is viewed from an SRL perspective, it sheds
light on how students monitor and control their progress towards their learning
goals by choosing alternative study tactics based on a comparison against certain
standards (Pintrich, 2002; Zimmerman, 1998). Hadwin (1996) stressed that in
order to be strategic, students must have knowledge of alternative tactics they can
choose, be cautious of the advantages and disadvantages of the chosen tactic in
respect to the task, and choose to use that specific tactic because it is superior
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when compared to the alternatives. This means that strategy use is potentially
controllable (Pressiey, Borkowski & Schneider, 1985).
Importantly, it has been acknowledged that learners do not necessarily use
learning strategies spontaneously, but they can be taught how to do so (Perry,
1998; Zimmerman, 2000), especially if the teaching and learning of strategies is
connected to authentic learning tasks and the larger framework of SRL (Paris &
Paris, 2001).
2.6

The nature of learning tasks and self-regulated learning

There are several instructional designs and aspects of task structures that vary in
terms of complexity (Kirchner, Sweller & Clark, 2006). Yet, the tasks that are
provided in schools seldom provide opportunities for learners to engage in SRL
and observe ideal learning strategies in action, and learners rarely receive the time
necessary to practise these strategies (Lavonen & Laaksonen, 2009). One of the
important points is that the tasks that learners encounter provide them with
opportunities to engage in the range of cognitive and metacognitive processes
needed to define task requirements and learn how to use appropriate strategies in
a given situation (Butler & Winne, 1995; Kirschner, Sweller & Clark, 2006;
Winne & Hadwin, 1998). That is why designing optimally challenging learning
tasks is vital when it comes to acquiring SRL skills. Essentially, instructional
designs and task types represent external conditions that cue further SRL,
depending on how learners understand the task (Winne & Hadwin, 1998). From
this perspective task complexity can hinder or aid SRL.
Task understanding is the key first process of SRL (Winne & Hadwin, 1998;
Winne & Perry, 2000). It constitutes metacognitive knowledge about the task
(Flavell, 1979), including the task’s purpose, structure and components (Butler &
Cartier, 2004). Knowledge of task purpose refers to knowing the meaning of the
given task, since the purpose may vary depending on the task. Knowledge of task
components refers to knowledge of the activities (e.g. planning, selecting, drafting)
that completion of a given task requires. Finally, knowledge of task structure
refers to knowing the common nature of certain types of tasks. Each of these
aspects—task purpose, task components and task structure—is crucial for task
understanding (Winne & Perry, 2000; Miller & Hadwin, 2013). Task
understanding is framed by the external and internal contextual conditions. As the
learner matures, their metacognitive knowledge about tasks improves, since they
gain experience in different task types and strategies, which they can apply when
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solving those tasks again (Butler & Cartier, 2004; Pintrich, 2002). In particular,
while at elementary school, children learn how the ways they process information
affect their learning and understanding (Annevirta & Vauras, 2001). That is,
learners can more accurately evaluate the task demands and related strategies.
Accordingly, they can better understand why they have failed or succeeded at
similar tasks in the past. In summary, successful learning involves continuous
efforts to understand the task and the activities that are related to successful task
completion (Butler & Cartier, 2004).
The tasks might vary in terms of complexity depending on how much
information they provide about the task requirements. Task information varies in
terms of how it is stated. It can be stated explicitly, implicitly or embedded within
the assigned task (Greene, Hutchison, Costa & Crompton, 2012). Explicit task
information refers to information that is available; for example, teacher
instructions about information to be used, procedures to be followed, the form of
the learning outcome and the grading standards. Implicit task information is
information that frames learning activities and task purposes, and is not directly
coupled with task instructions; for example, the reasons why tasks are assigned to
students (Miller & Hadwin, 2013). Therefore, both explicit and implicit task
information serve as standpoints for student learning. Thus, it is necessary to
understand how students interpret both explicit and implicit task information
(Pieschl, 2009). As such, instructional design and task structure both play
important roles in promoting SRL (Kirschner, Sweller & Clark, 2006; Perry,
1998).
The accuracy of students’ task understanding depends on their ability to
recognise and interpret task cues (Pieschl, 2009). For example, when the
instructional guidance is minimal, learners are required to draw connections to
prior knowledge about similar types of tasks and activities related to those tasks
(Kirschner, Sweller & Clark, 2006; Winne & Hadwin, 1998). Thus, learners are
provided with little explicit or implicit task information, which might hinder their
task understanding and negatively affect the whole learning process (Miller &
Hadwin, 2013; Sweller, Kirschner & Paas, 2013).
For promoting SRL, merely providing a complex task is not enough. If the
learning task is too complex, and only minimal instructions are given, it might
result in attempts that focus on task completion, selecting superficial strategies
and avoiding challenging tasks in the future (Perry, 1998; Lodewyk, Winne &
Jamieson-Noel, 2009). Today, several researchers hold the view that learners need
extensive guidance when working on complex tasks, along with opportunities for
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productive SRL (García Rodicio, Sánchez & Acuña, 2012; Perry & VandeKamp,
2000; Perry, Philips & Dowler, 2004). However, it is difficult to determine
exactly what type of guidance is needed, since learners’ SRL varies depending on
the task. Earlier research evidenced that very often, the problems students
confront in their learning can actually result in poor task understanding (Butler &
Cartier, 2004) In general, when learners are encouraged to pay attention for
appropriate task analysis, it has a positive influence on the learning results
(Bannert & Reimann, 2012). Similarly, Perry (1998) found that in classrooms
where learners were given support for self-regulation, they did not shy away from
challenging tasks, but planned their learning and engaged in applying a variety of
learning strategies. Still, it is difficult to determine how to provide optimal (or
adaptive) support for learners when delivering complex tasks. Without optimal
support, learners might have difficulties in valuing the task, interpreting the task
requirements and focusing on the central aspects of the given learning task
(Lodwyk, Winne & Jamieson-Noel, 2009; Krajick, Blumenfeld, Marx, Bass &
Fredricks, 1998). If students misunderstand the purpose of the task, they might
use inadequate strategies or focus on irrelevant aspects of the task (Butler &
Cartier, 2004). In essence, the rapid evolution of CBLEs can offer new
approaches to support student regulation in different phases of regulated learning
(Järvelä & Hadwin, 2013).
Today, ideas taking into account the use of software technologies and the
Internet in teaching and learning are commonplace. Technology such as learning
management systems, open software technologies and mobile devices allow
learners to communicate and access, gather and manipulate information
regardless of the time and place. Despite the fact that these technological
solutions have fundamentally changed the way people communicate and access
and share information, they have not necessarily increased the effectiveness of
learning (Roschelle, 2013). In the past decades, a small number of researchers
have focused on designing and introducing software technologies that can be used
to guide and direct SRL (Aleven, Roll, McLaren & Koedinger, 2010; Azevedo,
2005; Perry & Winne, 2006).What is promising about these technologies is that
they can offer a rich learning environment guided by the theories on how people
typically learn and behave in these environments. In particular, these new
software are developed to enhance learning and make learners aware of how they
typically learn. They can offer multiple opportunities to engage in SRL,
depending on the design of the learning activities.
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2.7

Self-regulated learning in computer based learning
environments

Computer based learning environments (CBLEs) offer both opportunities to
change the conditions in which learning takes places and instructional designs to
support meaningful learning (Winters, Greene & Costich, 2008). Today, CBLEs,
such as hypermedia and web-based learning environments have been widely used
with the expectation that they will enhance students’ understanding of complex
and challenging topics. Thus, it is relatively easy to enrich CBLEs with different
types of tools or applications that can assist learning in various ways (Lehtinen,
2003). For example, by applying computer technology, it is possible to provide
different types of representations for the learner, such as non-linear information,
texts and pictures combined with diagrams, or simulations depending on the
concurrent task and instructional design (e.g. Manlove, Lazonder & de Jong, 2007;
Azevedo, Cromley, Fielding, Winters, Moos & Greene, 2005; Winters, Greene &
Costichs, 2008). With widespread use of these technological applications in
learning and educational contexts, the need for learners’ SRL increases, since the
amount of information available can confuse the learners and interfere with their
thinking and learning (Oliver & Hannafin, 2000; Narciss, Proske & Koerndle,
2007). To be successful when learning with CBLEs, the learner has to make
choices about what to select and evaluate whether the information presented
meets the task demands and related learning goals (Winne & Hadwin, 1998).
Therefore, learning with CBLEs requires a high degree of self-regulation, which
learners often lack (Greene & Azevedo, 2010). Learners may misunderstand the
task and not set goals for their learning, and as a result end up using superficial
strategies for learning (Hill & Hannafin, 2001; Manlove, Lazonder & Jong, 2007).
To overcome these difficulties, there is a need to design specific tools to embed in
CBLEs that will support self-regulation of learning (Azevedo, 2005).
2.7.1 Supporting self-regulated learning in computer based learning
environments
In order to fully exploit CBLEs in learning and educational contexts, various
technological tools have been designed to support the key processes of SRL.
Today, the term ‘support’ is often used as a synonym for ‘scaffold’, since the
original meaning of ‘scaffold’ has changed. Besides, often the target of the
support varies (Järvelä & Hadwin, 2013; Puntambekar & Hübscher, 2005).
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Originally, the term ‘scaffolding’ was introduced by Wood, Bruner and Ross
(1976) in the context of adult–child interactions, where the adult helped the child
to accomplish a task that would have been impossible to accomplish otherwise.
Ultimately, the idea of scaffolding is that by receiving support, the learner can
attain a higher level of learning than they would have otherwise. Today, the
concept of scaffolding has evolved to cover various types of support provided by
computer-based pedagogical tools, and embedded in instructions or other
resources (Azevedo & Hadwin, 2005). What characterises scaffolds in CBLEs is
that they structure learning and are often unchanging; thus, they are the same for
all learners (Lajoie, 2005; Puntambekar & Hübscher, 2005). Based on the target
function of the scaffolds, four categories can be identified: conceptual, procedural,
metacognitive and strategic (Hill & Hannafin, 2001). Conceptual scaffolds give
guidelines on what things to consider important after the learning task has been
defined. These types of scaffolds focus on supporting learning about domain
knowledge, such as concepts or specific scientific principles (Azevedo & Hadwin,
2005; Manlove & Lazonder, 2004). Procedural scaffolds assist learners in using
the available resources of the CBLEs, such as the basic functions of the learning
environment (Azevedo & Hadwin, 2005). Procedural scaffolds also include
instructional elements, such as identifying the key aspects to focus on during the
learning (Bannert & Reimann, 2012). These resources can include, for example,
assistance in navigating through web pages and instructions on what the learners
need to consider during the task (Puntambekar & Stylianou, 2005). Both
conceptual and procedural scaffolds are domain specific; that is, they are
applicable only in that specific task and environment (McNeill & Krajick, 2006).
Metacognitive scaffolds assist the learner in setting goals and monitoring
learning, and thus help in choosing from the various strategies that can be used
during the task (Hill & Hannafin, 2001; Narciss et al., 2007). These metacognitive
scaffolds also include scaffolds for SRL (Azevedo & Hadwin, 2005). In CBLEs,
this can be done by providing, for example, prompts that can be used as reminders
for learners (Wijekumar, 2005). The idea behind these prompts is that learners do
know how to self-regulate their learning, but they do not use these processes
spontaneously (Bannert & Reimann, 2012). For example, Azevedo (2005) used
the term ‘metacognitive tools’ to acknowledge the role of metacognition and SRL
when studying in a CBLE. Metacognitive tools are embedded within the learning
context, allow the learner to set goals and might include models and prompts for
self-regulatory processes.
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Strategic scaffolds enable learners to use various strategies during a learning
task (Hill & Hannafin, 2005). Perry and Winne (2006) discussed ‘cognitive tools’
that provide opportunities to scaffold strategic learning. Cognitive tools can help
learners to accomplish their tasks by supporting cognitive processes, such as
learning strategies. Moreover, they allow learners to practise and use various
cognitive learning strategies that would be out of their reach otherwise. Both
metacognitive and strategic scaffolds represent scaffolds for SRL (Azevedo &
Hadwin, 2005). Thus, the scaffolds for SRL are domain general. This means that
regardless of the topic, the learner can be scaffolded for SRL (Zimmerman, 2000).
To conclude, various software tools have been designed for SRL. The use of
scaffolds has focused on supporting broad aspects of SRL, and a specific
emphasis has been put on scaffolded regulation of cognition (Azevedo, 2005;
Bannert & Reimann, 2012; Devolder, Van Braak & Tondeur, 2012). Support for
SRL has been delivered by using, for example, software features to ease learner
navigation (Puntambekar & Stylinay, 2005), assist information processing by
offering cognitive tools (Perry, Thauberger & Hutchinson, 2010) and track learner
progress in the task by providing visualisations of successful task completion
(Narciss et al., 2007). However, there are not many technological tools or
scaffolds designed to support the motivational or social aspects of regulated
learning (Belland, ChanMin & Hannafin, 2013; Järvelä & Hadwin, 2013). Järvelä
and Hadwin (2013) broadened the focus of scaffolds by illustrating how various
software tools can be used to support specific phases of self- and sharedregulation of learning. In their demonstration, software tools can support aspects
of metacognition, motivation and cognition in self- and socially shared regulation
of learning. Therefore, the term ‘regulation tool’ is more general than
‘metacognitive tool’ or ‘cognitive tool’. In addition, Järvelä, Järvenoja and
Malmberg (2012) used the term ‘emotion awareness tool’ to emphasise the role of
motivation in SRL. Also, they targeted the support-specific construct of SRL,
namely the learner’s awareness of situation-specific motivation. They argue that
when learners are aware of the factors that might affect their situation-specific
motivation, they have a better possibility of regulating their motivation. Thus, to
facilitate collaborative learning, mirroring tools have the possibility to increase
group members’ behavioural, cognitive or social awareness (Bodemer & Dehler,
2011; Fransen, Kirschner & Erkens, 2011). This is to say, there is a large body of
technological tools that have been designed to support specific aspects of student
learning (Dabbagh & Kitsantas, 2005).
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Another line of research has combined the use of these self-regulation
scaffolds into training on how and why to use these prompts when studying (e.g.
Azevedo & Cromley, 2004). This line of research suggests that to promote
acquisition of SRL skills, there should be targeted training on why self-regulation
is important. In other words, there should be an emphasis on the overall
structuring of the learning environment (Perry, 1998) Thus, training for SRL
should be embedded with domain-specific instruction similar to training strategies
(Bannert & Reimann, 2012; Weinstein, Husman & Dierkin, 2000, Zimmerman,
2000). It is important to provide sufficient time for learning how to self-regulate
learning under specific tasks and domains (Perry, 1998). This line of research has
illustrated that learners who receive both training in why SRL should be applied
and scaffolding of specific SRL processes during learning tend to outperform
those learners who receive no training or scaffolds (Azevedo & Cromley, 2004;
Bannert & Reimann, 2012).
2.7.2 Implementing software tools for supporting self-regulated
learning
In addition to the variation in support in terms of the target, there is also variation
in how the support is delivered. This support can be embedded in a learning
environment, with the learners being forced to use it. Conversely, the support can
be non-embedded; in this case, the support is available, but the learners can
decide whether to use it or not (Narciss, Proske & Koerndle, 2007). Typically,
scaffolds in CBLEs take the form of embedded features in a learning environment.
Support can be delivered by using embedded software features (e.g. pop-up
windows) or scripts that are used to scaffold self-regulation in the different phases
of learning, such as task understanding (e.g. ‘What are the main concepts you
need to learn?’), goal setting (e.g. ‘Set a good goal for studying’) and monitoring
(e.g. ‘Do you understand what you are reading?’) (Bannert & Reimann, 2012).
Pedagogical agents are a recent innovation that can actually react ‘on the fly’ to
learner activity and provide targeted support based on the learning activity and the
environment (Azevedo, Witherspoon, Chauncey, Burkett & Fike, 2009). The
purpose of these tools is to enhance learners’ opportunities for active SRL, which
might not otherwise occur.
Very often the architecture of CBLEs varies. Also, support delivered in
CBLEs often targets various processes, resulting in difficulties in interpreting the
effectiveness of specific support (Devolder, Braak & Tondeur, 2012; Azevedo,
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2005). It has been argued that perhaps there should be more systematic research
on how specific support effects SRL (Azevedo, Johnson, Chauncey & Burkett,
2010).
Currently, there is a line of research that investigates SRL in CBLEs. There
has been increasing interest in designing and developing software technologies
specifically to support SRL (Azevedo & Johnson, 2009; Järvelä & Hadwin, 2013;
Winne & Baker, 2013; Winne & Perry, 2006). These software technologies are
often exploratory in nature and can be highly domain and task specific, such as
SCY and SimQuest (e.g. de Jong et al., 2012), whereas other software
applications such as gStudy (Winne et al., 2006), nStudy and VCRI (Phielix,
Prins & Kirschner, 2010) are more general and flexible and can be applied to
several domains. The advantage of such software is that they are designed to
bootstrap self- and shared-regulation of learning by including embedded features,
such as pedagogical agents, mirroring tools and different types of cognitive tools
that can be used to scaffold SRL, along with the use of various learning strategies
(Winne, 2006).
2.7.3 g/nStudy learning environments
nStudy and gStudy learning environments were designed in the context of the
Learning Kit Project (Winne et al., 2006). These CBLEs were developed based on
the theoretical understanding of SRL. Features embedded in g/nStudy learning
environments support learners as they carry out both individual and collaborative
learning tasks. Learning strategies are embedded features in the software’s
learning objects, which learners can use while studying.
The gStudy learning environment includes learning kits that can be
reconstructed depending on the tasks and topics studied. It is, for example,
possible to import learning material in html format and then create an index that
gives information about the content of different html pages (ease of navigation).
For each learning kit, it is possible to include a set of cognitive tools (strategic
scaffolds) that assist the students in modifying the information presented (Winne
et al., 2006). These tools can include, for example, a dictionary (Perry,
Thauberger & Hutchinson, 2010), a tool to highlight different types of labels
(Zhou & Winne, 2012) a concept-map tool or different types of note templates. A
note template can, for example, be used for structuring and prompting thinking.
With these, it is possible to select the type of learning material available for the
learners, and design a set of cognitive tools to scaffold strategic learning (Perry &
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Winne, 2006). In other words, depending on the topics and purposes, it is possible
to modify the contents and tools provided by the gStudy environment.
nStudy (Winne & Hadwin, 2009) is similar to gStudy, but also contains a
collaborative learning space. This means that besides each learner’s individual
learning space, there is also a learning space where every object can be modified
and shared between the group members.
Currently, these programmes are at the developmental stage. Also, there lies a
challenge in investigating how self-regulation is manifested in CBLEs, to what
extent external and internal conditions play a role when learning in CBLEs, and
how to identify situations where targeted feedback should be provided for
individual self-regulation in the different phases of learning. Therefore, this study
aims to understand the key elements of SRL, and SRL as a process by utilising
gStudy and nStudy technology. Using technology designed to bootstrap SRL
allows for an investigation into how self-regulation is actualised as a process
across learning situations. Based on this information, there is the possibility to
design powerful learning environments that can take account of individual
characteristics and understand how learners use strategies in various learning
situations and how the use of learning strategies affects learning outcomes.
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3

Methods

Methods for studying SRL have typically reflected how SRL has been viewed
(Boekaerts & Corno, 2005). That is, whether SRL is viewed as a static attribute
that students either lack or possess, or whether it is viewed as a dynamic state that
varies depending on the learning situation (Winne & Perry, 2000). Today, most
researchers agree that SRL is dependent of the learning situation (Boekaerts &
Niemivirta, 2000; Hadwin et al., 2001; Järvelä & Järvenoja, 2012). As such,
emphasis has increasingly been placed on capturing SRL as an evolving process
in the learning context (Volet & Vauras, 2012). In addition, when SRL is
investigated in CBLEs, the presence of technological applications that can be
used to enhance the possibilities for SRL can also be used to inform the process of
SRL (Aleven, Roll, McLaren & Koedinger, 2010). This is to say, CBLEs offer
new methodological avenues to investigate SRL as a process, which would be
difficult to capture otherwise.
During the past few years, a rapid evolution in process-oriented methods,
such as educational data mining, has taken place. These process-oriented methods
enable treating SRL as a sequence of temporal events, rather than treating time as
a continuous variable. In this dissertation, considerable effort has been put into
understanding how process-oriented methods, such as trace methods, can be used
to capture SRL as an event, and how these events can be interpreted in the larger
framework of SRL.
3.1

Self-reports

Questionnaires and self-reports have a solid place in SRL research. Generally,
self-reports can be divided into questionnaires or interviews (Cleary, Callan &
Zimmerman, 2012). Questionnaires (e.g. the Motivated Strategies for Learning
Questionnaire) have been widely used to capture, for example, which aspects of
SRL predict academic achievement (Garcia & Pintrich, 1994). This approach has
been useful, since it has provided important information on, for instance, what
aspects of SRL successful learners use. Besides this, they are also good predictors
of learning achievement (e.g. Pintrich & DeGroot, 1990; Wolters & Rosenthal,
2000). Despite questionnaires having advantages in understanding SRL and
providing information about learners’ tendencies to use (or not use) particular
strategies for SRL, they are not sensitive to changes in conditions during a single
learning situation. Rather, these questionnaires aggregate students’ responses by
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using ratings such as ‘typical for me’ (Hadwin et al., 2001; Zimmerman, 2008).
Thus, time is treated as a continuum (Aleven, Roll, McLaren & Koedinger, 2010).
Self-reports do not seek to capture the slight changes in SRL during a single
learning task, over time or across tasks (Volet & Vauras, 2013). What they do
capture, is how learners think they use learning strategies. However, they do not
necessarily reflect the learners’ actual behaviour (Hadwin et al., 2007; Bråten &
Samuelstuen, 2007). Nevertheless, self-report data informs of what the learner
actually thinks he/she is doing, despite the possibility of the data being biased
(Winne & Jamiesson-Noel, 2002).
Another problem with self-reports concerns learners from different age
groups, such as children. Self-reports may not be suitable for children, since
children may not understand the questions and thus will not be able to answer
them (Whitebread et al., 2008; Perry & VandeKamp, 2002). Children may lack
the verbal abilities to answer the questions. Also, children cannot necessarily
discern between their realised and anticipated actions. Moreover, children want to
present themselves in the best possible light, which will colour their answers
(Paris & Byrnes, 1990). Despite self-reports having a long tradition and solid
place in SRL research, they cannot capture SRL as a process (Winne & Perry,
2000). Questionnaires and self-reports can inform if there is a change in how a
learner perceives their use of SRL, but it is not possible to determine exactly what
made the change happen during the learning process. This requires specific eventbased measures that can capture what is actually going on during the learning
process. For example, in recent years, developments in the field of CBLEs have
expanded the data available, and therefore also expanded the existing
methodological solutions for investigating and interpreting that data (Yacef, Baker,
Barnes & Beck, 2013). Thus, there is the potential to take advantage of the data
generated in CBLE contexts to better understand the SRL process.
3.2

Event-based measures

While questionnaires and self-reports have provided a solid foundation of
constructs and connections regarding aspects of regulated learning, they have not
been able to provide a process model of SRL. Therefore, the ‘second wave’ of
SRL research has focused on examining SRL as an event (Volet & Vauras, 2013).
Similarly, as our understanding of how SRL is shaped by the learning context has
evolved, new methods have been designed to better capture the process of SRL
while it is occurring (Winne & Perry, 2000).
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The term ‘event-based measures’ refers to very specific and fine-grained
forms of measurement that target specific regulatory processes as they occur in
different learning situations. Cleary, Callan and Zimmerman (2012) used the term
‘microanalytic protocols’, which is an umbrella term for fine-grained forms of
event measurements that target specific aspects of SRL. Microanalytic protocols
focus on specific moments in time, which have a beginning and an end. Capturing
those specific moments in time can provide an indicator for the SRL process
while it is underway (Cleary, 2011). Microanalytic protocols can advance the
understanding of why certain SRL processes are used and others are not (Azevedo,
Moos, Johnson & Chauncey, 2010).
The difficulty is that when SRL is examined as a process, learners do not
necessarily externalise the thoughts that might signal their attempts to selfregulate their learning. That makes SRL difficult to capture as it evolves over time.
Often, processes of SRL reflect mental states rather than overt activities (Schunk,
2008). For example, learners do not necessarily explicitly state what they think
the purpose of the task is. For that reason, much effort has been put into
externalising these mental states (e.g. Azevedo & Hadwin, 2005; Soller, Monés,
Jermann & Muehlenbrock, 2005). One way to externalise these mental states is to
use think-aloud protocols (asking students to verbalise their thoughts). Often, this
includes training, making it a very labour-intensive methodology (Bannert,
Reimann & Sonnenberg, 2013; Johnson, Azevedo & D’Mello, 2011). When
observation protocols are used, the observers typically decide a priori which
aspects of SRL will be observed (Boekaerts & Corno, 2005). When studying
using CBLEs, implementing scaffolds and different types of software tools that
model SRL can also report on the SRL process; for example, they can log
students’ activity resulting from using these scaffolds (such as instances of note
taking in the CBLEs). The advantage of scaffolds and scripts as a method is that
at the same time that they provide opportunities for SRL, they capture students’
thoughts about specific aspects of their learning (Johnsson, D´Mello & Azevedo,
2010; Järvelä & Hadwin, 2012; Winne & Perry, 2006).To summarise, the basic
idea behind event-based measures is that they seek to capture events of regulated
learning ‘on the fly’ in a learning situation without interrupting the learning
process (Aleven, Roll, McLaren & Koedinger, 2010; Volet & Vauras, 2013).
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3.3

Trace methods

Perry and Winne (2013) used the term ‘trace methods’ to describe methods that
can be used to systematically target specific aspects of regulated learning, such as
cognitive and metacognitive processes, while they occur. Trace methods are a
subcategory of microanalytic protocols (Cleary, 2011) that cover any event-based
measures of regulated learning. The term ‘trace’ has been used to describe data
that reflect students’ cognitive engagement during a learning task. In their
simplest form, traces reflect conditions and actions rules, indicating if there is a
discrepancy between the current and desired state of learning, and whether
corrective action needs to be taken (Winne, Zhou & Egan, 2011). In essence,
traces can serve as impressions of SRL that students leave behind while studying
(Boekaerts & Corno, 2005). For example, if a learner generates a question before
they begin studying, it can offer evidence of goal setting and planning. If a
student marks the text with the label ‘I don’t understand’, it can signal
metacognitive monitoring and a need for SRL. At the theoretical level, traces are
artefacts of observable study tactics and subcomponents of learning strategies
(Hadwin et al., 2007). Therefore, trace methods provide information that might be
useful in developing theories about SRL processes (Johnson et al., 2011). Traces
can inform about the qualitative and quantitative aspects of student learning, and
provide the possibility of taking the timing and sequence of activities into account
(Azevedo, Moos, Johnson & Chauncey, 2010; Winne, 2006).
3.3.1 g/nStudy log file traces
Log file traces are computer-generated data about student interaction in CBLEs
that are stored in a database. For example, Winne et al. (2006) developed learning
environments—gStudy and nStudy—that gather log file traces of learners’
activities as they use the features of those learning environments (Winne & Nesbit,
2009). The key feature of gStudy and nStudy is that they can be used to support
SRL, and at the same time investigate and gather log data about how students
actually self-regulate their learning (Perry & Winne, 2006). What characterises
gStudy and nStudy is that each activity of the learner is logged; for example, each
mouse click or scroll is logged, but depending on the granularity level, these
activities might report different types of activities than just, for example, note
taking. Therefore, there is a need to be cautions when interpreting the activities
that might signal SRL. However, it is possible to implement built-in features in
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gStudy and nStudy that support SRL according to the theoretical basis (Winne &
Perry, 2000); such features could include cognitive tools that model learning
strategies and regulation tools that can signal aspects of regulated learning.
Therefore, identifying key activities that inform SRL is to some extent already
possible in these environments, which is not necessarily the case with other types
of CBLEs (Werner, McDowell & Denner, 2013). These built-in features in gStudy
and nStudy can represent models of critical aspects of SRL, which learners can
either take advantage of or not (Morris et al., 2009; Winne & Baker, 2013).
Typically, log file traces have been analysed by counting, for example, the
frequency of logged activities, rather than focusing on the sequenced and
temporal aspects of those activities. Therefore, to capture the temporal aspects of
SRL, there is a need to go beyond the frequency measures (Zhou, 2008) and take
advantage of the fine-grained data generated across multiple learning situations
(Rouet & Passerault, 1999; Bernacki, Byrnes & Cromley, 2012). The unique
feature of the data that is logged in gStudy is that it records all of the actions
performed by a learner, with time stamped records showing the duration of the
actions. Therefore, because of the nature of the logged data, it is possible to go
beyond frequency measures (Winne, 2005). Thus, log file traces provide the
means to capture the actual process of student learning, and student engagement
in various learning settings (Perry & Winne, 2012). In other words, the nature of
the logged events in gStudy and nStudy allows for an investigation of the
sequential and temporal characteristics of SRL across both time and a series of
learning episodes.
Log file traces record five different types of data that can be used in an
investigation. First, log data records which features of the learning environment
the students use, depending on the design of the environment (e.g. page) and
which information they focus on (e.g. location on the page). The features of the
learning environment include task characteristics, since depending on the design
of the learning task and the environment, learners have different opportunities to
engage in SRL (Azevedo et al., 2010; Perry & Winne, 2012; Kinnebrew, Loretz &
Biswas, 2013). There is a challenge in considering how to design features of a
learning environment that might model the features of SRL (Winne & Baker,
2013). Also, it requires constant effort to develop and consider how the designed
features actually correspond with existing theories of SRL. The second type of
logged data provides information on learner activities—specifically, which types
of activities provided by the environment they use (e.g. written notes or
highlighting). Therefore, the ways the learner interacts with the features of the
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learning environment can potentially elucidate the types of regulation used (e.g.
planning, monitoring and strategy use) (e.g. Manlove, Lazonder & DeJong, 2007).
The third type of data provides information about the frequency of learner activity;
for example, the characteristics of typical learning activity in a learning situation
(e.g. Zhou & Winne, 2012). However, what frequency measures do not provide is
detailed information on how learners actually interact with the features of the
learning environment, or how they align their actions in a learning situation.
Therefore, the fourth type of data provides information on the temporal sequence
of learner actions. By time stamping each learner action, it is possible to provide
information about the duration of learner interaction with the software and
investigate learner interaction with the features of the software during single or
multiple learning episodes (Winne & Nesbit, 2009). Investigating the temporal
sequences of learner actions can provide information on the actual process of selfregulation. Finally, the fifth type of data logs the quality of actions. That is, how
students interact with the learning content and how they use the features of the
learning environment to guide SRL.
To summarise, log data has the potential to reveal the focus of learner activity,
the types of learning activities, the frequencies of those activities, the temporal
sequences of regulated learning over time and the qualities of those activities
(Azevedo, Moos, Johnsson & Chauncey, 2010; Winne & Nesbit, 2009). However,
log data are bound to the learning context; this is why log file traces are highly
situation specific. Despite recent advances in the research on temporal analysis of
regulated learning, there is not much research evidence that relies on the use of
log file traces, or goes beyond the frequency measures to understand the actual
processes of regulated learning (Molenaar & Järvelä, 2014).
This dissertation uses features of the gStudy learning environment that model
learning strategy use by utilising the log data resulting from cognitive tool use by
learners. Cognitive tools represent artefacts of learning strategies, such as
highlighting or note taking. Similarly, features of the nStudy learning
environment have been employed by utilising the log data resulting from learners’
activities that model phases of SRL. In this dissertation, the key focus has been on
investigating activities in terms of built-in features in a learning environment that
can serve as indicators of SRL. Without these built-in features, it would be
difficult to capture and trace the processes of regulated learning.
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3.3.2 Learner activities and learning patterns
Since log data constitutes activity of a learner in a CBLE, there has been a need to
investigate new analytical methods that can capture and describe the process of
SRL. One approach has focused on locating, for example, patterns that can be
found from individuals or groups of students learning in CBLEs to identify
successful and less successful learners (e.g. Baker & Yasef, 2009; Kinnebrew,
Loretz & Biswas, 2013). One key aspect has been finding process models—or
patterns that can be used to guide successful learning (Bannert et al., 2013). This
means information on how learners progress at the task in respect to how they
should progress. Accordingly, this information can relate learners’ states, such as
their knowledge, motivation or metacognition, revealing individual learners’ or
groups of learners’ differences in these areas (Bouchet, Harley, Trevors &
Azevedo, 2013; D’Mello, 2013). This shows the extent of congruence and/or
dissimilarity in each learner’s process data in relation to others’ process data
during the same event.
Log data can be used to describe the learning process, for example, by using
sequential pattern mining borrowed from the computer sciences (Romero &
Ventura, 2007). The purpose of sequential pattern mining is to detect common
sequences of events that already exist in the data but would be difficult to capture
any other way. Using sequential pattern mining, it is possible to detect learning
patterns that characterise the most typical sequences of events for a group of
learners (Winne, Zhou & Egan 2011).
In this dissertation, LogAnalysis software has been used (Nesbit, Zhou, Xu &
Winne, 2007) to capture learner activities and detect sequential patterns of
different types of learner activities using data mining and data parsing algorithms.
Data mining allows for investigating detailed information about learner activities,
such as which activities learners use and when exactly those activities are used.
Data parsing illustrates the sequences of those mined activities. In this dissertation,
the possibilities provided by sequential data mining have been exploited by using
the sequential pattern analysis software developed by Nesbit, Zhou, Xu and
Winne (2007). Utilising this software and new analysis techniques has made it
possible to investigate how groups of learners’ activities occur over time, and the
sequential patterns of those activities that already exist in the data.
Recently, log file traces have been combined with other data sources. For
example, log file traces have been used to measure the correspondence between
what students say versus what they actually do. Winne et al. (2002) used the term
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‘calibration’. The more accurate the learner’s perception about how he/she learns
versus how he/she actually learns, the better calibrated the learner is. Typically,
calibration has been measured by comparing the correspondence between selfreports and log file traces of learning activities, such as study tactics, strategy use
or learning achievement. Research following this line has shown that self-reports
mainly illustrate learners’ perceptions or beliefs about strategy in general and are
not well aligned with what strategies learners actually use. Moreover, learners
tend to be overconfident about their learning achievement (Winne & JamiessonNoel, 2002).
Hadwin et al. (2007) examined profiles of eight learners by analysing the
frequency of studying events, patterns of those events and content analyses of
students’ learning activities within the gStudy learning environment. The results
were compared against students’ self-reports on their SRL. Moreover, Hadwin et
al. (2007) used a transition graph illustrating a learning pattern of the students
along with a case description of the learner activity. The study revealed that selfreport data were not well calibrated with studying events that were traced with the
use of the gStudy learning environment. Also, the results illustrated that learners
either experimented with a variety of study tactics, which was shown in a highly
complex transition graph, or settled into routine learning patterns, which was
shown in a simple transition graph.
Bernacki, Byrnes and Cromley (2012) investigated relationships between
achievement goals and prior knowledge in respect to log file traces of cognitive
strategy use and learning outcomes. They found that learners who held mastery
goals used more note taking and information seeking. Recently, Bouchet et al.
(2013) used sequential pattern mining to investigate how student groups (high
scores on pre- and post-tests, low scores on pre- and post-tests, and intermediate
score on post-test) differed from each other. The results revealed that highperforming students tend to be better at quickly identifying the relevance of a
page to their sub goal. Moreover, they are strategic in their exploration of the
pedagogical content, rely on system prompts to take notes and summarise, and are
more strategic in their preparation for the post-test when compared to other
student groups.
To conclude, these four studies illustrate some of what log file traces can
reveal about SRL, and how they have been used when examining SRL. First,
learners do not provide accurate information about what they do and what they
say they do (Winne & Jamieson-Noel, 2002). Second, to better understand the
complex processes of SRL, there is a need to combine data from multiple sources
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(Hadwin et al., 2007). Third, log file traces can, to an extent, reflect the
characteristics of an individual (Bernacki, Byrnes & Cromley, 2012). Fourth,
there are differences in high- and low-achieving students’ learning activities
(Bouchet et al., 2013).
These four studies also reflect how log file traces have been used in SRL
research during the past 10 years. The research started from the perception that
learners are not necessarily aware of their activities (e.g. Winne & JamiessonNoel, 2002), along with the discussion of how SRL could be studied as an event
(Winne & Perry, 2000). Log file traces are precise because they are based on the
use of objective data collection methods. Moreover, they do not ask learners
about their will or skill regarding SRL. Today, this vision is widely acknowledged
(Greene & Azevedo, 2010), resulting in recommendations of how log file traces
have the potential to identifying the state of the learning process, thus making
possible a real-time adaptation of the software system based on the learner
activities. In the past few years, there has been rapid development in very
sophisticated analysis methods for process-oriented data (e.g. Bouchet et al., 2013;
Bannert, Reimann & Sonnenberg, 2013; Molenaar & Chiu, 2013). For this
dissertation, the inspiration for analysing and interpreting log file traces has been
derived from SRL theories (Winne & Perry, 2000; Winne, Zhou & Egan, 2011). It
should also be noted that Hadwin et al. (2007) introduced an innovative method
how to use gStudy logfile traces when examining the timing, sequence and
content of learning activity. It also provided guidelines, and served as an
inspiration for this dissertation, on how to visually represent complex data about
learners’ interaction with the software to capture the learning process, such as
introducing the idea of detecting learning patterns using a two-dimensional
transition matrix (Hadwin et al., 2007).
3.3.3 Temporality of the data
The SRL process has two aspects: sequential characteristics, which entail
transitions from one state to another (e.g. planning, summarising) and temporal
characteristics, which entail the occurrence and duration of sequential
characteristics of learning over time. Sequential and temporal characteristics
describe learning activities that students typically engage in, and they can inform
the actual process of SRL (Johnsson, D`Mello & Azevedo, 2012). Still, the
sequential aspects (which actions typically follow each other) and the temporality
of actions (when those actions are taken) are often ignored, mostly because of
49

methodological limitations (Kapur, 2011; Winne & Baker, 2013; Reimann, 2009).
Methodologically, assessing sequential and temporal characteristics of SRL is
promising, but the problem is how to connect these micro-level sequences into a
macro-level framework of SRL. It can be challenging to detect the specific
sequences of activities in a larger dataset, especially if the learning takes place
over multiple episodes (Winne & Baker, 2013).
Recently, a number of researchers have argued that there is a need for a
detailed investigation of the sequential and temporal aspects of SRL (e.g.
Molenaar & Chiu, 2013). Theoretical models of SRL suggest that learner
engagement in SRL can be divided in three distinct phases: before studying,
during studying and after studying (Zimmerman, 2008). Also, Johnsson, D`Mello
and Azevedo (2012) investigated the temporality of regulated learning by splitting
the studying time into three distinct intervals: orientation, knowledge acquisition
and knowledge integration (Azevedo et al., 2011; Azevedo, Moos & Chauncey,
2010).
Sequential data mining provides one solution for analysing sequences of
events in terms of learning patterns—especially when they involve a large
number of learners. However, this type of analysis can often return hundreds of
learning patterns (Kinnebrew, Lorets & Biswas, 2013; Nesbit & Winne, 2007),
making it difficult to point out in which phase of learning the pattern actually
occurs, and whether it is effective or ineffective for learning.
Besides computer generated log files, there are other promising avenues for
investigating the temporal and sequential nature of SRL. Johnsson, D`Mello and
Azevedo (2012) investigated the sequential aspects of SRL by using think-aloud
protocols. This methodology has been regarded as an effective tool for gaining
access to SRL (e.g. Ericsson & Simon, 1980). As a result, Johnsson et al. (2012)
were able to sort students’ thoughts into four categories that characterise SRL,
namely planning, monitoring, learning strategies and handling task difficulty and
demands, to investigate the patterns between these self-regulatory categories.
They divided the occurrences of these categories into four intervals to capture the
temporal aspects of these self-regulatory categories. Their study revealed that
learners used more planning processes later in the learning session, and fewer
learning strategies as their learning progressed. In essence, the advantage of this
type of analysis is that it can capture learners’ thoughts in a learning situation.
However, it remains a challenge to investigate the sequential and temporal
characteristics of SRL as the time span grows to cover multiple episodes of
learning (e.g. Reimann, 2009).
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Similarly, research focusing on the sequential and temporal aspects of SRL,
especially in group learning situations, has used discourse or content analysis
(Reimann, 2009). For example, Molenaar and Chiu (2013) used discourse
analysis along with statistical analysis when focusing on discourse in group
learning. Their studies revealed that often learners did not change their mode of
activity. However, the most important aspect of their study was that they could
identify different types of activity modes in student groups’ discourse. What is
promising in these studies is that they used multiple methods to capture the
changes and consistency in SRL over time. Still more sophisticated ‘on the fly’
methods are needed in order to uncover the processes that underlie effective SRL
over long-term and fragmented forms of activities (Reimann, 2009).
To conclude, the methodological avenue used in this dissertation is under
rapid development, which started with a discussion of whether SRL is a state or a
trait. As such, the new term ‘trace methods’ was introduced (Winne & Perry, 2000)
to better capture the evolving process of SRL. However, few studies in the field
of SRL have used log file traces as a method (e.g. Hadwin et al., 2007). Along the
way, there have been more and more studies that have used different types of
analytical methods that rely on the process data of the learner’s activity (Volet &
Vauras, 2013). Thus, the focus has shifted from trace methods to a broader view
that considers methods that can capture the sequential and temporal aspects of
SRL over time. Similarly, this dissertation reflects this methodological evolution
by focusing on capturing the temporal and sequential characteristics of SRL used
by learners in a learning context. In this dissertation, an educational data mining
technique has been used to examine the extent of the congruence and/or
dissimilarity in the learning patterns (Malmberg, Järvenoja & Järvelä, 2010) and
identify when the specific learning patterns exist (Malmberg, Järvenoja & Järvelä,
2013; Malmberg, Kirschner & Järvelä, 2013). Mostly, there has been an effort in
trying to understand in details, how to capture SRL in a learning situation by
applying software tools (Miller, Malmberg, Hadwin & Järvelä, submitted). This
dissertation is a starting point for the design and implementation of software tools
that can be used to investigate and trace patterns of self- and shared-regulation of
learning. My future aim in this field is to investigate the critical instances in
collaboration that prevent or promote socially shared regulation of learning.
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4

Aims of the study

This dissertation focuses on investigating students’ self-regulated and strategic
learning as a process in various learning situations. It utilises the state-of-the-art
software programmes gStudy and nStudy. These software programmes are used to
scaffold and trace process of SRL. The empirical data used in the four empirical
articles was derived from three different datasets. The first dataset was collected
in an elementary school context. The specific focus of the first dataset was
understanding how high- and low-achieving students differ in terms of the
learning strategies they use during a six-week science project. The second dataset
focuses on investigating how elementary school students allocate their strategy
use when completing two different tasks types. The third dataset was collected in
a higher education context, focusing on investigating the qualitative differences in
students’ SRL. Despite there being a difference between the three datasets in
terms of the context and age group of the participants, they are connected by their
pedagogical design and methodological choices. Specifically, each study utilised
log file traces resulting from learners’ activity in the n/gStudy learning
environment. Furthermore, the second and third datasets continued the
development of the pattern analyses used in the first study and extended the
analysis by introducing qualitative data sources to complement the trace data.
There are two general objectives in this dissertation, which are reflected in
the four articles. The first objective is empirical and aims at identifying the
differences between successful and less successful strategy use when learning in
CBLEs. To achieve this, the specific types of learning patterns that high- and lowachieving students typically use in various learning situations were investigated.
The specific aims are as follows:
1.

2.

To recognise and identify patterns emerging from students’ cognitive
regulation activities. Learning patterns emerging from students’ cognitive
regulation activities are investigated in studies I, II and III.
To examine the differences between successful and less successful strategy
use in g/nStudy. The connection between the learning patterns used and
learning success is investigated in studies I, II and III.

The second objective is methodological. The aim is to advance the
implementation of process-oriented methods—especially log file traces. Log file
traces are highly specific data that reveal each activity of the learner. That is why
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specific emphasis is paid to investigating markers that can inform about SRL. The
specific aims are:
1.

2.
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Exploit log data generated from software tool use to trace SRL as a process.
The specific emphasis on exploiting means to interpret log data is addressed
in studies I, II and III.
Combine log data with data derived from different sources to reveal the
qualitative differences in cognitive regulation activity. This is addressed in
studies I, II, III and IV.

5

Methods of the study

5.1

Participants and context

The participants in the first dataset were 20 elementary school students aged 9–10.
This dataset was used in studies I and II (see Figure 3). The elementary school
students were assigned a five-week science project titled ‘Vital Conditions of
Life’. The science project included classroom lessons with the teacher,
experimental field trips, collaborative group work and studying in the gStudy
learning environment (Winne et al., 2006). Both the first and second study
focused on students’ strategic learning in the gStudy learning environment. The
pedagogical structure of the science project was designed to promote SRL.
The participants in the second dataset were the same students as in the first
dataset. This dataset was used in study III (see Figure 3). Elementary school
students aged 11–12 participated in two 90-minute science lessons. The topics
were: ‘Where does the wind come from?’ and ‘What do I need to take into
account when travelling to a space station?’ The first task was well-structured,
whereas the second task was ill-structured. During both lessons, the students used
the gStudy learning environment to accomplish their tasks.
The participants in the third dataset were 18 higher education students in a
learning and educational technology master’s programme (mean age = 44.5). This
dataset was used in study IV (Figure 3). The participants were divided into six
groups of three based on their group work skills. The students participated in a
course titled ‘Cognitive, Motivational and Emotional Bases in Learning for
Understanding’. The students participated in three learning cycles, each
consisting of: (a) a one-day face-to-face meeting, (b) a one-week virtual solo
studying phase and (c) a one-week virtual collaborative studying phase. The
course lasted for seven weeks in total. Each learning cycle had a similar structure,
but the topics were different. During the solo and collaborative studying phases,
the students utilised features of the nStudy learning environment (Winne, Hadwin
& Beaudoin, 2010) for collaboration.
5.2

Research design

This dissertation utilises three datasets from four studies conducted from 2007–
2011. The aim of each study was to capture aspects of strategic and self-regulated
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learning as a process by using utilising process-oriented methods, along with
qualitative methods. In addition, to better understand the processes of strategic
and self-regulated learning, the process data were contrasted with the students’
learning results, which were measured with a post-test. The research design is
presented in Figure 3.

Fig. 3. Research design, participants and methods

Study I used log file traces resulting from the students’ cognitive tool use.
Moreover, it used post-tests to categorise the students based on their learning
results and investigate the differences between them.
Study II utilised log file traces from students’ cognitive tool use. In addition,
it used a specific regulation tool, the emotion awareness tool (Järvelä, Järvenoja
& Malmberg, 2012), to capture the students’ situation-specific interpretations.
Thus, both pre- and post-tests were used to identify the students’ learning gains.
Study III used log file traces of students’ cognitive tool use during two
different tasks. The students’ task solutions were used as a basis to investigate in
detail how and what learning strategies were used when they constructed their
task solutions.
Study IV utilised log file traces of students’ regulation tool use and chat data
during the collaborative task assignment. The approach was to combine multiple
methods to reveal in detail the qualitative aspects of the students’ cognitive
regulation activities.
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Different combinations of methods allow building rich and comprehensive
views of the phenomena under investigation (Puntambekar, 2013). For each of the
four studies, this dissertation aims to determine characteristics of self-regulated
learning. In addition, this dissertation focuses on exploiting log file traces from
cognitive and regulation tool use to reveal strategic and self-regulated learning as
processes.
5.3

Data collection and analysis

In each empirical study, log file traces were used in concert with other types of
data to better understand the nature of student learning (Table 1). Accordingly, a
qualitative approach was used to understand the qualitative aspects of students’
SRL (studies II, III and IV) and learning outcomes (studies I, II and III). Nonparametric, small data sample quantitative analysis was used for categorising the
data, (studies I, II and III) and to investigate data-related characteristics. To better
capture the processes of strategic and self-regulated learning, a purposeful
sampling method (Patton, 2005) was used to magnify and describe these
phenomena (studies II, III and IV).
Each study favoured a mixed-methods approach to better allow for multiple
perspectives on the data analysis. The advantage of using a mixed-methods
approach is that it combines qualitative and quantitative research methods into a
single study. Besides, it allows for investigating how learning actually occurred.
In this dissertation, a mixed-methods approach was used to triangulate the data
and provide a complementary source to further explain the results in a
developmental manner—meaning that one method at a certain point in the
analysis can be used to inform the subsequent methods (Puntambekar, 2013). In
the following section, the data sources and analytical approaches used in the four
studies are elaborated on in more detail. A summary of the methods and data
analyses of the articles in this dissertation is presented in Table 1. More detailed
descriptions of the methods and data analyses are provided in the articles.
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Table 1. Methods and analyses used in the four studies.
Study

Methods

Analysis

I

Log file traces

Data parsing and data mining

II

Cognitive tools

K-means cluster analysis

Post-test

Qualitative content analysis

Log file traces

Data parsing and data mining

Cognitive tools

Qualitative content analysis

Pre- and post-tests

Purposeful sampling

Regulation tools
III

Log file traces

Transition matrixes, extraction of learning patterns

Cognitive tools

Qualitative content analysis

Pre-test

Chi-square test

Log file traces

Sequential analysis of regulation tool use

Purposeful sampling
IV

Regulation tools

Purposeful sampling

Chat data

Qualitative content analysis

5.3.1 Log file traces
Recently, log file traces recorded by the learning environment have been
increasingly emphasised as a method, especially in SRL research. In the empirical
studies, log file traces were used to investigate how learners align their activities
at different points in time. In each study, log file traces were used either as a main
data source or to provide complementary information to understand regulated
learning as a process.
This dissertation differentiates between log file traces that represent cognitive
tool use or the use of regulation tools (see Figure 3). In addition to the
behavioural information that resulted from the learners’ use of cognitive and
regulation tools, study IV also utilised information resulting from the learners’
interaction with the software features, such as when they viewed the task
instructions and when they engaged in chat discussions.
Cognitive tools
Cognitive tools in gStudy represent artefacts of studying tactics (Winne & Perry,
2006). In studies I, II and III, cognitive tools were used to investigate the students’
study tactics and learning strategies. Traces are defined as artefacts of tactics,
observable events about cognition or traces of SRL that students create as they
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engage in a task (Hadwin et al., 2007; Winne & Perry, 2000; Perry & Winne,
2011). This to say, studies I, II and III only investigated the instances of cognitive
tools use. In each of those studies, the students could use three different types of
cognitive tools in gStudy: a concept map tool, a note tool and a highlighting tool.
Studies I and II investigated nine types of activities students can perform with
these tools. Study III investigated seven types of activities students can perform
with these tools.
Studies I and II used a log validator (Nesbit, Zhou, Xu & Winne, 2007)
designed for gStudy. A log validator can be used to identify, for example,
instances of cognitive tool use by a student and common sequences of cognitive
tool use that were considered as learning patterns.
In study III, the learning patterns of individual students during a two-hour
learning session in gStudy were identified using a two-dimensional transition
matrix where all of the possible transitions between students’ selected actions
were calculated. (Winne, Zhou & Egan, 2011). Moreover, the most dominant
transitions were identified as learning patterns of a student in respect to when they
occurred. To better understand the quality and focus of students’ actions,
qualitative content analysis was used to understand the ways that cognitive tools
were used and the quality of students’ task solutions.
Regulation tools
Regulation tools differ from cognitive tools in the sense that they focus not on
processing and modifying presented information, but rather on providing the
means to investigate the intent of student learning. Accordingly, the term
‘regulation tool’ is used for the data resulting from student interaction with
planning tool (see Figure 3). The purpose of regulation tools is to capture the
students’ immediate thoughts and feelings in the current learning situation. They
differ from traditional self-reports since they are designed to connect the temporal
aspects of student regulation as they are engaged in learning (Cleary, Callan &
Zimmerman, 2012). Also, the formulation of questions focuses typically on the
specific regulatory processes, followed by linking the self-regulatory processes to
the dimensions before, during and after (Zimmerman, 2008). When students are
assigned these regulation tools, they can also serve as scaffolds that prompt
students to activate self-regulation, instead of replacing it with external regulation
(e.g. Bannert, 2006). Study II administered an on-going, highly situation-specific
regulation tool that asked students to explicate their situation-specific
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interpretations (Järvelä, Järvenoja & Malmberg, 2012). These situation-specific
interpretations were used to capture the students’ immediate thoughts before they
engaged in the learning task. Qualitative content analysis (Miles & Huberman,
1994) was used to analyse the contents of the situation-specific regulation tools
based on the data and theory. To ensure the validity of the coded categories,
examples were drawn from the original data to clarify how the categories had
been established.
Study IV used the nStudy learning environment (Winne & Hadwin, 2010).
The focus was to examine data resulting from individual and collaborative
planning tool use by applying microanalytic protocols to investigate the
sequential and temporal characteristics of regulated learning in respect how
students use planning tool in their studying. The contents of the planning tool
regarding how students understand the task were analysed by two independent
researchers, who applied descriptive codes to capture the meaning of each task
perception (Miles & Huberman, 1994). The coding categories were formulated
prior to the analysis based on the instructor’s definitions of the task features.
5.3.2 Pre- and post-tests
When log file traces are used, there is a need to use other data sources to
complement them (Perry & Winne, 2012). Otherwise, log file traces of multiple
student actions will result in a huge amount of information, including the duration
of activities, frequencies of actions and learning patterns of students. Therefore, it
is important to have complementary data sources that can be used as a basis for
the analysis. The first two studies used a measurement of student learning. The
third study used a measurement of student task solution. Depending on the aim of
the study, the emphasis was placed on either: measuring previous knowledge on
the topics (study III), achieved knowledge (study I) or gained knowledge (study
II).
Mind maps
In studies I and II, mind maps were used as an indicator of student learning. Mind
maps consist of nodes that represent concepts and links that represent
relationships between concepts (Hilbert & Renkl, 2008). Mind maps were coded
by using qualitative content analysis loosely based on Novak’s (1998) coding
scheme. For the first dataset, the students created mind maps before and after the
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science project. In study I, mind maps that were created after the science project
were used as an indicator of student learning. In study II, the differences between
the mind maps created before and after the science project reflected the students’
learning.
In study III, the students created mind maps about the topics before the
science lessons. Prior knowledge was investigated by counting the number of
relevant concepts and terms related to those topics, determined prior to the
analysis.
5.3.3 Chat data
Chat data were recorded as log file traces resulting from student interaction in
nStudy. The chat data were used in study IV in two different ways: first, the chat
data were used as a complementary data source to determine what students
discussed with each other about their own task perceptions. Second, the data were
also used to determine when the chat discussion took place during the
collaborative task assignment.
The chat discussions were used in study IV as a complementary data source.
The data were used to determine if the students had discussed aspects of the task
that were categorised and identified prior to the qualitative content analysis.
5.4

Validity and reliability of the study

One advantage of this study was the use of the g/nStudy software, which gathers
log file traces of students’ overt learning behaviour over time. Log file traces
provide reliable information on what learners actually do when studying, and
therefore go beyond the learners’ own interpretations (Hadwin et al., 2007).
However, log file traces are not complete or flawless, especially when the
data are collected in a classroom setting (Nolen, 2006). First, when log file traces
are used to trace, for example, learning strategy use, learners (especially children)
need training on how to use the tools provided by the learning environment to
enhance their learning. To overcome this limitation, the participants in studies I, II
and III were trained in how to use the gStudy learning environment during their
previous school year, before the intervention at multiple points of time. In
addition, the university students participating in study III received training on
how to use nStudy. Moreover, the course they attended considered issues of SRL,
which ensured that they understood the meaning of the regulation tools.
61

Second, the g/nStudy environments were developed based on Winne and
Hadwin’s (1998) theoretical framework of SRL. This means that the basic
assumptions regarding SRL were taken into account when designing the learning
environment and activities. For example, assumptions of how the use of gStudy
tools can inform study tactics and strategy use were embedded into the theoretical
framework of SRL (Winne, 2010). However, how log file traces signal regulated
learning or the use of study tactics and strategies still needs interpretation (Perry
& Winne, 2011). Therefore, the validity of the interpretation of the log file traces
has been ensured by combining multiple data sources and qualitative data analysis,
and by drawing illustrative case examples from the data. To conclude, in each
study, multiple sources of data and analytical methods were applied to increase
validity (Puntambekar, 2013).
Third, process data are often incomplete, analysing the data is labourintensive and the data are highly contextualised, which can lead to
oversimplification of the results. On the other hand, combining data from multiple
sources can prevent potential bias and provide multiple integrative perspectives to
interpret the results (Volet & Järvelä, 2001; Volet & Vauras, 2013).
5.5

Evaluation of ethical issues

In each empirical study, the guidelines of the National Advisory Board on
Research Ethics (2002) were followed. In addition, in each study, data collection,
analysis and presentation were conducted following the guidelines of the research
community.
Participation in the three empirical studies was voluntary for all students.
Special emphasis was placed on this voluntary nature when the focus group was
elementary school students. First, the students’ consent and permission to
participate in the study was requested from their teachers, parents and the students
themselves. The students’ parents were informed separately and the research was
explained.
During the data handling phase, the names of the participants were replaced
with running numbers to ensure that the participants remained anonymous. Also,
the answer sheets and paper-and-pencil tests were stored according to the
appropriate laws and regulations. As for the publication procedure, the case
students’ names were replaced with pseudonyms, so that they cannot be
identified.
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In this research, there was a risk of the students becoming passive producers
of data. Therefore, in each study we aimed to make the learning personal and
relevant. This helped ensure that the data were collected from authentic learning
tasks (Slade, Sharon, Prinsloo & Paul, 2013). At the same time, the students
received an opportunity to experience for themselves how technological
innovations can be used to enhance their mental resources in a learning context.
To summarise, I aim to follow the modes of action endorsed by the research
community, and employ the guidelines for ethical research of the Finnish
Advisory Board on Research Integrity (2012).
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6

An overview of the articles

The body of this dissertation constitutes four empirical articles. Table 2
summarises the aims of each empirical article, along with the main
responsibilities of the authors. Article I demonstrates how to use log file traces to
capture students’ use of learning strategies over time. However, the results of
study I did not capture the contextual nature of the learning strategies used, in
terms of why strategy use varies across learning situations.
Article II provides insights into how to combine log file traces of student
actions with other types of process data to better inform on SRL in a learning
context. In addition, the results indicated that there are differences, especially
when the students actually use learning strategies, and reported how students’
situation-specific interpretations affect their strategy use.
Article III investigates in detail the temporal characteristics of learning
strategy use. The results of study III indicate that there might be differences in
how students understand the task, and accordingly, how they align their strategic
learning.
Article IV investigates in detail what constitutes accurate and shared task
perception in a computer-supported collaborative learning context. The results
indicate that none of the student achieved accurate or shared task perceptions.
Table 2. Focus and responsibility.
Article

Aim

Authors’ responsibilities

I

Characteristics of study tactic use

1st author, responsible for empirical data analysis and

with high and low-achieving students

theoretical grounding

Characteristics of study tactic use in

1st author, responsible for empirical data analysis and

challenging learning situations

theoretical grounding

Temporal characteristics of learning

1st author, responsible for empirical data analysis and

strategy use in different task types

theoretical grounding

Qualitative differences in cognitive

2nd author, responsible for the analysis of the log file

regulation activities

traces and contributing to the theoretical grounding

II

III

IV
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6.1

Article I: Malmberg, J., Järvenoja, H. & Järvelä, S. (2010).
Tracing elementary school students’ study tactic use in gStudy
by examining a strategic and self-regulated learning.
Computers in Human Behavior, (26)5, 1034–1042.

The aim of article I was to investigate, using log file traces (f = 172), the types of
studying tactics elementary school students (n = 20) typically use, and how these
study tactics contribute to their learning achievements. Elementary school
students were assigned to a five-week science project. The pedagogical structure
of the science project was designed to promote SRL. This was done by giving the
students’ freedom to decide the pace and order of their study. Also, the task
instructions were loose, to emphasise the students’ own responsibility. During the
science project, the students used gStudy, which included all learning material,
along with cognitive tools. By using the cognitive tools in gStudy, the students
were able to practise the use of study tactics when processing information.
The analysis of this study was divided into two parts: the situational level and
the individual student level. At the situational level, the focus was on capturing
the characteristics of the tactics used in different gStudy sessions, using log file
traces to classify the gStudy sessions based on how study tactics were typically
used in the sessions and to illustrate the types of learning patterns in terms of
learning strategies that were typically used in those gStudy sessions.
At the individual student level, the focus was on examining individual
students’ typical approaches to using study tactics across gStudy sessions. This
was done to better understand and illustrate how study tactics contribute to
students’ learning achievements measured from post-test.
The results of the study revealed that the occurrence of learning patterns
varied. When tactic use was rare, no learning patterns were used. When tactic use
was moderate, the focus of the strategy use was on creating notes and
constructing concept maps. Finally, when tactic use was frequent, it involved
selecting a lot of information to process. Thus, the findings indicated that frequent
tactic use did not contribute to deep learning. Moderate tactic use was fairly
effective for learning, but rare tactic use contributed to deep learning. This
indicates that the use of many study tactics does not improve learning.
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6.2

Article II: Malmberg, J., Järvenoja, H. & Järvelä, S. (2013).
Patterns in elementary school students’ strategic actions in
varying learning situations. Instructional Science, 41, 933–954.

The purpose of article II was to investigate in detail the differences between highand low-achieving students’ (n = 12) strategic actions in challenging and
favourable learning situations (f = 146). The dataset used in article II was similar
to article I, except this study utilised regulation tools to capture students’
situation-specific interpretations to investigate not only the differences between
the high- and low-achieving students, but also how students learn when there is a
need for SRL. Elementary school students worked on a five-week science project
that was designed to provide opportunities for SRL. During the science project,
the students used the gStudy learning environment, which included all of the
material and prompted their strategy use by providing a set of cognitive tools that
the students could use to learn strategically. Also, at the beginning of each gStudy
session, the students were asked to explain the current learning situation.
First, the students were divided into high- and low-achiever groups based on
their learning gains. The learning gain was measured with pre- and post-tests,
which were assigned before and after the science project. Second, the gStudy
sessions were categorised into either challenging or favourable. The nature of the
learning session was defined based on the students’ situation-specific
explanations before each gStudy learning session. Third, the learning patterns that
emerged in the challenging and favourable gStudy sessions were investigated to
examine the types of learning patterns that high- and low-achieving students used
in the different gStudy sessions. This was investigated using the recorded log file
traces from the gStudy learning environment. Fourth, to provide some insights
into the results of study II, two cases were drawn from the data. That was done to
illustrate in detail the strategic actions of high- and low-achieving students in
challenging gStudy sessions.
The results showed that both high- and low-achieving students adopted
similar strategies in favourable learning situations. In these learning situations, the
focus of the learning strategies was note taking. However, when the learning
situation was challenging, the low-achieving students used surface-level strategies
that mostly focused on highlighting pieces of information, whereas the highachieving students used deep strategies for learning that focused on constructing
concept maps. The case descriptions demonstrated how high-achieving students
self-regulated their learning in the challenging learning situation, thus
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demonstrating the differences between high- and low-achieving students in such
learning situations.
The results of article II showed that students’ situation-specific interpretations
do affect their realised SRL and strategy use, and thus there are differences
between high- and low-achieving students, especially in those situations.
6.3

Article III: Malmberg, J., Järvelä, S. & Kirschner, P. (2013).
Elementary school students' strategic learning: Does task-type
matter? Metacognition and Learning, November, 1–24.

Article III looked at what types of task solutions elementary school students
provided for ill- and well-structured task assignments, and how the students
aligned their strategic learning. Specifically, it investigated when learning patterns
actually emerge with respect to the students’ task solutions. In article III, ‘learning
pattern’ referred to the coordinated set of study tactics that students typically use
in the different phases of their study.
Elementary school students (n = 12) participated in two separate science
lessons. In these lessons, the students were asked to first solve a well-structured
task and then an ill-structured task. Before both of the science tasks, the students’
previous knowledge of the topics was measured by asking them to create concept
maps about the topics.
First, the students' task solutions were rated according to three categories: on
track, off track and partial solution. Second, the learning patterns that emerged
from each student were investigated with a two-dimensional transition matrix that
counted the most common transitions between actions for each student. Third, the
qualities of the learning strategies that were used throughout these tasks were
investigated. Fourth, a detailed cross-case analysis was conducted to explore
when students’ actually used these learning patterns in respect to their task
solutions
The results of article III revealed that despite the task types being different,
the students were able to provide in-depth solutions and adapt to the task demands.
However, a more detailed investigation revealed that at the beginning of the
learning task, the students with the in-depth task solutions mostly used learning
strategies late in their studying. When the task was more complex, the students
with inaccurate task solution used new types of learning strategies, which was not
the case for the students who provided in-depth solutions. The results of study III
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revealed that if the task is considered confusing, it can mislead the students into
focusing on irrelevant aspects and using tactics reactively.
6.4

Article IV: Miller, M., Malmberg, J., Hadwin, A. F. & Järvelä, S.
(2014). Tracing university students’ construction of shared task
perceptions in computer supported collaborative learning.
Manuscript.

The aim of article IV was to investigate how accurate and inaccurate task
perceptions integrated with and improved on individuals’ task perceptions to
create shared task perceptions. The participants were 18 graduate students (mean
age = 44.5), divided into groups of three, who participated in a course entitled
‘Cognitive, Motivational and Emotional Bases in Learning for Understanding’.
The course lasted for six weeks and consisted of three solo and three collaborative
learning cycles. During the course, the students utilised nStudy, which is designed
to support and trace aspects of self- and shared-regulation of learning. The
students were asked to fill out the individual and collaborative planning tools
before the task. Six student groups that showed either moderate or low task
accuracy in their task perceptions in their collaborative planning tool were further
selected to demonstrate in detail the process of constructing different types of task
perceptions. This was done by analysing in details how students interacted with
their planning tool.
The results showed that all of the cases struggled to construct accurate shared
task perceptions. In addition, no group’s shared task perceptions were highly
accurate in relation to the instructions. Thus, the degree of interaction the groups
engaged in while using nStudy to construct shared task perceptions was small.
These results suggest that during collaborative learning, group members first need
to self-regulate their learning before they can engage in shared-regulation of
learning. Therefore, individual SRL was a key aspect of shared-regulated learning
in these cases. Thus, cases that demonstrated accurate and shared task perceptions
also engaged in monitoring the accuracy of their task understanding during the
learning task.
Article IV demonstrated the need to integrate multiple forms of data to
represent the actual process of how groups construct their task perceptions.
However, in socially shared regulation of learning, constructing shared task
perceptions is only one dimension. Therefore, it still remains unknown how
students employ self- or shared-regulation of learning in terms of planning,
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monitoring and reflecting, and thus, what effect socially shared regulation has on
the results of learning.

70

7

Main findings

The aim of this dissertation was to investigate the processes of strategic and selfregulated learning in CBLEs. To capture the processes of strategic and selfregulated learning ‘on the fly’, log file traces recorded by the gStudy and nStudy
learning environments were utilised throughout each empirical study. Despite
there being a need for a comprehensive view of the SRL process (Azevedo,
Johnson, Chauncey & Burkett, 2010), research focusing on the temporal and
sequential characteristics of SRL is still scarce. Therefore, the objective was to
investigate the ways strategic and self-regulated learning occurs in various
learning situations and how high- and low-achieving students self-regulate their
learning in CBLEs. The main findings are discussed first at the level of study
tactics and strategy use, and then from the broader perspective of SRL in CBLEs.
In addition, the main findings relating to methodological choices are elaborated
on in more detail. The main findings are highlighted in respect to the four aims
presented earlier.
7.1

Identifying patterns emerging from students’ cognitive
regulation activities

To recognise and identify patterns emerging from students’ cognitive regulation
activities, there is a need to know prior to the analysis what the patterns might
signal. In articles I, II and III, the patterns that emerged from the students’
cognitive regulation activities signalled learning strategy use. The cognitive
regulation activities were traced in respect to what, how and when the students
used the cognitive tools provided by gStudy during their studying. These
cognitive tools represent artefacts of studying tactics that allow for an
investigation into the strategies that students typically use when studying.
‘Learning patterns’ refers to the most prominent transitions between the different
activities students perform during the completion of their task assignments.
Accordingly, the strategies were defined as patterned sets of tactics resulting from
students’ cognitive activity in gStudy (Winne, Zhou & Egan, 2011). However,
there were no standard values or parameters that could be used to, for instance,
describe when the learning patterns that reflected aspects of cognitive regulation
activity started or ended. In articles I, II and III, this choice was made based on an
‘if-then-else’ rule for applying studying tactics (Winne, 2001), which gave a
minimum value of three tactics. To conclude, the three tactics students typically
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apply in a row can potentially elucidate students’ strategy choices. Thus, a search
was conducted for the patterns that were the most salient in the data.
The results suggested that the specific tools that are used to support strategic
and self-regulated learning can also be used methodologically when investigating
patterns emerging from students’ cognitive regulation activity. The advantage is
that designing specific tools to trace – and support self-regulated learning also
helps to interpret how the learning patterns actually inform SRL theoretically and
empirically. Depending on how the tools are used, they can signal the typical
patterns students or student groups’ use when studying.
The patterns that emerged from the students’ cognitive regulation varied in
terms of how often they emerged in the students’ learning activity, how they were
composed and when they were used (articles I, II and III). The advantage of
identifying patterns in this dissertation is that it actually informs about the
students’ strategic learning activities. Also, it provides a means to understand the
differences between productive and unproductive learning patterns in respect to
studying tactics and strategy use.
7.2

Characteristics of successful self-regulated learning

There are two determinants that characterise successful SRL in terms of strategy
use in CBLEs: first, the use of strategies is focused, and second, it is deliberate.
Earlier studies have indicated that successful learners tend to use deep and
focused strategies such as summarising when studying and engage in forethought
activities (e.g. Azevedo, Guthrie & Seibert, 2004; Chin & Brown, 2000; Pintrich
& DeGroot, 1990). Accordingly, these learners tend to succeed in their studies.
However, what the research has not shown is how learners engage in deliberate
strategy use in activity. This dissertation provides a complementary view that
considers what might signal deliberate and focused learning strategy use ‘on the
fly’– especially when learning in CBLEs. It was found that tactic use is focused
when the actual learning strategy constitutes only a few study tactics (article I).
Second, tactic use is deliberate when the learning strategies are not used at the
beginning of the learning session (articles II and III). This finding is aligned with
the theoretical models of SRL that describe strategic learning as purposeful and
planned (Zimmerman, 1998). If the learner is aware of the task and knows how to
approach it, there is no need to experiment with various studying tactics.
The main differences between successful and less successful learners’ selfregulation and strategy use in CBLEs involve intra-individual differences in how
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students with different learning outcomes allocate their use of study tactics, and
how SRL is used in challenging learning situations. As acknowledged in earlier
research, SRL is dependent on context and successful learning requires
deployment of SRL, especially in challenging learning situations (e.g. Hadwin,
Järvelä & Miller, 2011). The results from this dissertation suggests that there are
trait-like aptitudes among students regarding how they react to learning situations
they perceive as challenging (e.g. internal conditions) (Malmberg, Järvenoja &
Järvelä, 2013). There are two findings that support this conclusion: first, the
distinguishing feature between the successful and less successful students was
that in challenging learning situations (no matter what the challenge was), the
high-achieving students’ strategy use was consistent, whereas the low-achieving
students’ strategy was frequent and consisted of multiple studying tactics. To
some extent, this finding might relate to the cyclical nature of SRL; that is, each
learning situation influences other learning situations. Unless learners do not
evaluate what might have led to their success or failure, they may be more likely
to reproduce the same learning pattern over and over (Winne & Hadwin, 1998).
Alternatively, if learners draw on their metacognitive knowledge and do not
sufficiently adjust to the situation at hand, it might explain the trait-like stable
properties that were detected.
7.3

Exploiting log data to trace self-regulated learning

Log file traces of student learning activities reflect how learners perceive the
situation. Log file traces are sensitive to changes between varying learning
situations. Learner activity, in terms of the study tactics used, indicated that the
students’ use of different study tactics varied from frequent to rare depending on
the learning situation (article I). The results showed that when learners perceive a
situation as challenging, two types of learning activity might occur: the learning
activity either increases or decreases (article II). Thus, the difficulty level of the
task is crucial to optimising SRL. Similar findings have also been obtained in
earlier studies (e.g. Perry, 1998). If tasks are too far from the optimal difficulty
level, it might hinder strategic learning. For example, students with surface-level
learning outcomes tended to increase their strategic activity as the task
complexity increased (article III).
Log file traces represent every activity the learner performs in gStudy or
nStudy. To identify traces of strategic learning, the instances of cognitive tool use
were extracted from the log file traces. Log file traces of learners’ cognitive tool
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use represent ‘snap shots’ of the strategic learning process. The main finding of
this dissertation is that log file traces can reveal differences in SRL between
individuals and groups of learners with similar characteristics, based on the
learning patterns that they use (articles I, II and III). The results indicate that if
there is a lot of variation in the learning patterns, the learners most likely need
support for SRL. This is evident in studies I, II and III. Also, merely using
studying tactics does not make learning strategic. To conclude, frequent use of
many study tactics did not result in deep learning. In addition, if the learning
patterns are used at the beginning of the learning session, the learners most likely
have inaccurate task perceptions and weak goals and strategies. To conclude, to
fully exploit the information provided by log file traces, there is a need to take
account of when certain activities occur.
7.4

Qualitative differences in cognitive regulation activities

As mentioned earlier, log file traces represent every activity the learner performs
in gStudy or nStudy, which can result in complex sets of activities that are
difficult to interpret and analyse. Therefore, log file traces need to be combined
with other sources to better understand what they might elucidate about SRL
(Perry & Winne, 2011). Relying only on quantitative measures, such as
frequencies of learner activities, is not enough, since frequencies hardly clarify
anything about the qualitative differences in cognitive regulation activity
(Azevedo, Moos, Johnsson & Chauncey, 2010). This dissertation has taken
account of the quality of the study tactics used (article III), the duration of
activities (article I) and the sequences of activities in respect to the temporal
aspects of learning (article III) and situational characteristics (article II and III). In
sum, qualitative methods have been used to construct a more fine-grained analysis
of instances of SRL as they occur in the learning context.
Qualitative analysis was used in articles I and II to reveal the linkages
between learning strategy use and learning outcomes. This approach was also
used by other researchers to categorise student groups (Bannert et al., 2013;
Bouchet, Harley, Trevors & Azevedo, 2014). Moreover, this approach makes it
possible to investigate the differences in the learning patterns between student
groups.
The qualitative case descriptions (article II) revealed in detail the differences
in high- and low-achieving students’ cognitive regulation activity, especially in
the face of challenges. The results indicate that there is a need to implement
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situation-specific regulation tools that can elucidate the students’ situationspecific interpretations. This is crucial, since the way students interpret learning
situations and tasks affects their choice of learning strategies (Winne & Hadwin,
1998).
In article IV, a step was taken towards advancing the understanding of how
log file traces can shed light on regulated learning. The qualitative data analysis
provided detailed information about how individuals and groups aligned their task
perceptions based on the information resulting from their use of regulation tools.
Moreover, the log file traces provided detailed information on when and how this
process happened, without reducing the data into frequencies or categorising them
into abstracted representations. The results indicate that qualitative content
analysis of regulation tool use, along with an analysis of when and how these
tools are used, has the potential to elucidate SRL in context. At the same time,
regulation tool use in article IV was very specific in terms of what aspects of
regulated learning it captures. Therefore, the design of tools in CBLEs can partly
determine which aspects of SRL can be captured in a learning context.
However, sometimes log file traces can be too detailed. Therefore, there is a
need to take a step backwards and think how micro-level changes in learning
behaviour might actually reflect changes in the SRL process at the macro level.
The methodological choices considered in each empirical study suggest that if we
are about to investigate temporal and sequential aspects of regulated learning as a
process, there is a need to aggregate the data, including the frequency and valence
of the regulatory activities, e.g. a shift from task understanding and planning. In
other words, rather than obtaining each event that signals regulated learning, there
is a need to simplify the data to better capture the critical instances of what makes
regulated learning successful, along with the combination of qualitative data
analysis. Currently, a number of researchers would agree that there is a need to go
beyond mere ‘tallies of activities’ (Perry & Winne, 2011). For example, in the
context of educational data mining, when learners perform a certain activity
repeatedly (e.g. read a page), the obtained patterns can differ from each other by
the number of repetitions in that pattern (Kinnebrew et al., 2013). However, this
does not clarify anything about the qualitative shifts or changes in terms of the
activities, which might be more interesting.
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8

Discussion

It has been argued that SRL should be treated as a situation-specific construct, not
as a student aptitude (Winne & Perry, 2000). At the same time, this entails
methodological challenges – how can SRL be captured as it evolves in a learning
situation? This dissertation took advantage of the log file traces resulting from
student learning activity in g/nStudy, along with qualitative methods, to better
understand SRL as a process in authentic classroom settings. To summarise, the
first empirical objective aimed to recognise patterns referring to temporal
sequences of learning events that can signal strategic and self-regulated learning
based on the theoretical framework of SRL. The second empirical objective was
derived from the first objective—when recognising these patterns, what can they
reveal about successful learners’ cognitive regulation activities and strategy use
during the learning process? The third objective was methodological, and aimed
to exploit log file traces generated from the use of software tools that prompt
strategic and self-regulated learning. It aimed to advance the implementation of
process-oriented methods, especially log file traces, by identifying markers that
can elucidate cognitive regulation activity. However, log file traces alone are
insufficient to elucidate SRL. Some interpretations can be drawn, but there is still
a need for other data sources to reveal the complexity and quality of regulated
learning. Taking account of this limitation, the fourth objective aimed to combine
log file traces with different data sources to reveal the qualitative differences in
SRL—especially when studying in CBLEs. The results from the four empirical
studies were discussed in terms of how they reflected SRL in the light of theory,
methodological challenges and practical implementations.
Learning environments are changing, and today more and more different
types of technological solutions are utilised when teaching and learning. At the
same time, this presents challenges for educators and learners. How can learning
environments be designed to stimulate SRL and support students in becoming
aware of their own SRL. There is a need to consider what the most effective
methods are for informing students about their regulated learning. Research
considering SRL processes has provided some guidelines on which aspects to
focus on, but the evidence is still scarce (Bannert, Reimann & Sonnenberg, 2013).
This dissertation provides micro-level information on the timing, contents and
duration of learning strategy use, which is not typical in SRL research. Moreover,
it illustrated in detail how learners’ task perceptions evolve during learning
situations, and how students with varying learning outcomes use learning
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strategies when studying. Models of SRL (Winne & Hadwin, 1998) suggest that
learners’ task perceptions might change as a result of monitoring their activity. Yet,
the model provides a macro-level description of the process, whereas this
dissertation provides a micro-level description. The results of this study suggest
that students might miss integral parts of SRL by focusing on constructing
inadequate task perceptions. Also, the way students use learning strategies can
influence the need for self-regulation. To some extent, the results indicate that
some students are better equipped with SRL skills, in terms of how they respond
to situation-specific challenges. This supports the argument that support for SRL
should be tailored based on the individual needs of students in real-life learning
settings.
Since CBLEs are in widespread use in various educational settings, there is a
need to develop regulation tools that can assist students in setting goals, planning
and monitoring their progress. In essence, these regulation tools should include
models of regulated learning that learners can either deliberately take advantage
of or not, and simultaneously, these tools can serve as an indicator of regulated
learning (Morris et al., 2009; Winne & Baker, 2013). The results indicate that it is
not enough to provide the learners with regulation tools, especially in the context
of computer-supported collaborative learning. Perhaps the tools were too general,
or perhaps the learners did not see the value of these tools. Possibly one way to
increase learners’ awareness of their own and group members’ thinking could be
to provide awareness tools (Janssen & Bodemer, 2013). The advantage of
awareness tools is that they make each learner’s thinking explicit. The problem is
that awareness of own or other’s thinking does not necessarily guarantee that
group members will jointly regulate their learning.
Designing regulation tools or learning activities that trace the process of SRL
and are readily interpretable by researchers remains a challenge (e.g. Perry &
Winne, 2012). Maybe one solution might be to tailor built-in choices for the
students in respect to task difficulty, perceptions or goals. During task execution,
a repertoire of cognitive tools might trace the students’ use of learning strategies.
Instead, after the learning task, reflecting on task difficulty, task perceptions and
goals might inform both students and researchers about SRL. That is, to become
self-regulated learners, students need to understand the connection between their
efforts and the learning products. Once they understand this connection, the
students will have increased opportunities to become self-regulated learners. The
problem is that relevant learning traces, where the whole process is visible and
where it can be seen how specific activities relate to the learning process as a
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whole, are often not salient (Winne, Zhou & Egan, 2011), and thus, cannot be
used by learners in their learning.
In the world of education, learning analytics is gaining increasing attention
for its capacity to respond to and clarify the dynamic and complex setting that is
21st-century education. Learning analytics are an ‘umbrella’ for educational data
mining and the use of data that could be used to better inform about student
learning in respect to learning goals, plans and strategies ‘on the fly’. Learning
analytics capitalise on the data-intensive, technological base that supports
learning to extend the capacity and understanding of learning processes in CBLEs
(Siemens & Long, 2011). It is of little surprise that the field of learning analytics
is a rapidly expanding area of research and practice, drawing the attention of
academics. One key issue when designing learning analytics applications is which
data to use as an indicator of student progress, and what that data can report about
student learning at different points in time. This information is critical, especially
when considering the field of educational data mining and learning analytics. The
problem is that computer-generated data (e.g. learning patterns or process models)
produced by the learners need to be interpreted in terms of what they might signal
about SRL. Moreover, since each learning situation is unique, there is a need to
consider both the external and internal conditions of the learning situation to
better understand learner characteristics and how those characteristics might
influence the process of SRL. There is a need to understand how and what
learning activities need to be designed and how they should be interpreted.
The field of educational data mining and learning analytics is developing
rapidly. Learning analytics have the potential to address many of the current
concerns, especially in the field of CBLEs. At the beginning of this dissertation
project, the choice was made to draw data from the log file traces recorded by the
gStudy learning environment. Moreover, at the beginning of this dissertation
project, there were hardly any other studies that had used log file traces as
methods in the field of SRL. Yet, the importance of collecting process data and
using different types of process-oriented methods had been acknowledged (e.g.
Järvelä & Niemivirta, 2001). Today, the discussion has moved from processoriented methods to considering what temporal and sequential data can tell us
about the learning process (Puntambekar, 2013). However, there is still a
considerable amount of empirical research that needs to be done in this area,
mainly because this line of research is still fairly new.
Methodologically, this dissertation contributes to the on-going discussion on
how to capture the temporal and sequential aspects of SRL by utilising log file
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traces recorded by the g/nStudy learning environments. In the first article, the
results indicated that there are differences between high- and low-achieving
students’ strategy use. In the second study, the combination of students’ situationspecific interpretations illustrated that obtained learning patterns differ in
challenging learning situations. The third study confirmed that there are
differences in when learning patterns are used. The fourth study went even further,
examining in detail the log file traces that signalled regulated learning, along with
the qualitative aspects of the logged data in collaborative learning settings. The
methodological contribution of this dissertation is a demonstration of how the
design of learning activities can be applied when tracing the process of SRL at the
micro level. Moreover, it illustrates how to combine data from different sources to
deepen the understanding of this phenomenon.
One of the recurrent themes throughout each article was the identification of
temporal patterns that reflect the constructs of strategic and self-regulated
learning in various learning situations. Despite the models of SRL being
characterised as cyclical or recursive, there are no validated models of the process
of SRL (Bannert, Reimann & Sonnenberg, 2013). Yet, there is growing body of
research that is trying to determine whether there are some typical sequences of
events that can shed light on the SRL process that leads to deep learning
(Azevedo, Johnsson, Chauncey & Burkett, 2010; Hadwin et al., 2007; Schoor &
Bannert, 2013; Molenaar & Chiu, 2013). While the results of these studies vary,
they do suggest that SRL varies between students in respect to the different
processes that successful learners engage in, which was also found in this study.
This dissertation is not flawless, and it does have several limitations. Each
separate study in this dissertation is explorative in nature. This is because there
were no standard values or parameters that could be used to, for instance, describe
when the regulated learning sequence started or ended. The empirical studies in
this dissertation can give some guidelines on how the complicated process of SRL
can be captured, and how the process data can be interpreted in light of the
models of SRL. In addition, when using educational data mining or other processoriented methods, it cannot be argued that, for example, the obtained differences
in the learning patterns between different student groups are significant (Bannert,
Reimann & Sonnenberg, 2013). In addition, the sample size of each study was
relatively small, which limits generalisation. When these limitations are taken into
account, there is not enough empirical evidence to definitively identify the main
differences between high- and low-achieving students’ SRL processes under
different conditions. In addition, how stable these differences are under different
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conditions is still unknown. Perhaps the strength of this dissertation is that it goes
beyond typical measurements of SRL, and in that sense, provides an optional
view for considering SRL as a process, because of the advances that have been
made in the area of CBLEs (Perry & Winne, 2012).
The practical value of this dissertation is that it provides theory-based
solutions on how to harness technology to support SRL. Educators need useful
tools to support both individual and collaborative student learning. Currently,
educators lack theory-based solutions and concrete tools to support SRL. For
example, the cognitive and regulation tools used in this study were general rather
than domain specific. Despite these tools being implemented via the g/nStudy
learning environment, it is possible to use the same design principles using, for
example, Google Applications. Moreover, for a teacher, using Google Statistics
alongside Google Applications makes it possible to collect data from the learners
in respect to their learning progress and SRL. Besides harnessing the available
technology to support regulated learning, this dissertation provides excellent
examples on how to design learning tasks that support SRL, especially in the field
of science. Overall, the practical recommendation of this dissertation is that
students should be given the chance to enhance their SRL skills by making them
aware of their strengths and weaknesses in various tasks and situations. This will
actually challenge educators, since SRL does not directly couple with learning
domain knowledge. Still, SRL skills are exactly the skills needed for 21st-century
learning.
The results obtained and lessons learned from this dissertation project
confirm that there is a need to continue research in the area of self- and socially
shared regulation of learning. This dissertation focused on the cognitive
characteristics of SRL, but there is also a need to take the situational and
motivational characteristics into account. There is still a lack of research that
focuses on all of the phases of self- and socially shared regulation of learning over
multiple learning episodes. There is a vast body of research on how to support
SRL, but there is little research on how to support socially shared regulation of
learning, which is a critical aspect of collaborative learning (Järvelä, Hadwin,
Järvenoja & Malmberg, 2013). If we aim to promote socially shared regulation of
learning, learners will need to be aware of their own thinking and other group
members’ thinking, so they can connect their ideas together. Not being aware of
other group members’ thinking makes socially shared regulation of learning
difficult.
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The application of trace methods and microanalytical protocols is promising
for future investigations and illustrations of the critical instances where students
could actually require specific support. Moreover, utilisation trace methods and
microanalytical protocols could possibly strengthen the theoretical framework of
self- and socially shared regulation of learning. In addition, the information on
self- and shared-regulation of learning as a process could be harnessed to
strengthen, for example, the cognitive and motivational characteristics of
successful self- and socially shared regulation of learning through the
implementation of learning analytics. However, we still need more information
guided by the theoretical framework to validate the appropriate granularity level,
especially when investigating SRL in a micro level (Molenaar & Järvelä, 2014).
The research has not reached this point yet, but it will.
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