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Abstract

Integrating the two dominant theories of self-regulated learning (SRL) and cognitive engage-
ment could advance our understanding of what makes students more efficient, effective
learners. An integration of these theories has yet to be explored, and this paper addresses this
gap by proposing a novel integrative model of SRL engagement. Specifically, we identified
the nature of cognitive engagement (i.e., changing consecutively, context-dependent, com-
prising quantitative and qualitative dimensions, occurring consciously or unconsciously),
based on which we compared the conceptual differences and similarities between cognitive
engagement and SRL. We reviewed three models that have investigated cognitive engage-
ment within the frameworks of SRL, analyzed their features and weaknesses, and proposed
an extension of previous models linking SRL and cognitive engagement. The proposed
model is one of the first to clarify the mechanisms of how SRL phases and subprocesses relate
to the functioning of cognitive engagement. In addition to adding to the theoretical discus-
sions of the relations between cognitive engagement and SRL, the model informs the design
of adaptive scaffoldings and the practice of learning analytics. Several recommendations are
presented for future research in this area to test this new model empirically.

Keywords Self-regulated learning - Cognitive engagement - Similarity and difference - SRL
engagement - Integrative model

Introduction

Self-regulated learning (SRL) and student engagement are distinct areas of research, but both

aim to understand students’ functioning and performance within academic settings. Self-
regulated learning (SRL) is a widely adopted theoretical framework in the education field

>4 Shan Li
shan.li2 @mail.megill.ca

' Department of Educational and Counselling Psychology, McGill University, B148, 3700 McTavish

St, Education Building, Montreal, QC, Canada

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10212-021-00565-x&domain=pdf
http://orcid.org/0000-0001-6001-1586
mailto:shan.li2@mail.mcgill.ca

834 S.Li, S. P. Lajoie

for researchers to study how students consciously coordinate their behavioral, cognitive,
affective, and motivational aspects of learning to obtain academic success (Pintrich, 2000;
Winne & Hadwin, 1998; Zimmerman, 2000). Student engagement is often referred to as a
learner’s active participation and involvement in achievement-related activities (Boekaerts,
2016; Sinatra et al., 2015). Just as SRL has been referred to as a multidimensional construct,
most researchers view student engagement similarly, in that it involves both overt, external
factors (e.g., behavioral), and covert, internal factors (e.g., cognitive and emotional) (Eccles,
2016; Finn & Zimmer, 2012; Fredricks et al., 2004; Wolters & Taylor, 2012). Moreover, both
SRL and student engagement have been found to play a mediating role between students’
personal and contextual characteristics and their academic performance (Wolters & Taylor,
2012; Zusho, 2017).

Considering the substantial overlaps between the two frameworks (i.e., SRL and student
engagement), Wolters and Taylor (2012) argue that “the research on self-regulated learning
and student engagement can, and should, be integrated to a greater extent” (p. 647). A more
integrated model of SRL and student engagement would benefit each area of research and
enhance a holistic understanding of students’ learning (Cleary & Zimmerman, 2012; Wolters
& Taylor, 2012; Zusho, 2017). Therefore, the purpose of this paper is to advance the
theoretical specifications of relations between SRL and student engagement. While we
acknowledge that both the two frameworks involve multidimensional learning processes such
as cognition and emotion, our discussion will be focused primarily on the cognitive aspect of
learning. One crucial consideration is that the integration between the two broad umbrella
concepts of SRL and student engagement is beyond the scope of one study, considering that
both SRL and student engagement are complex multi-componential, multitemporal constructs.
Moreover, most SRL theories that rely on a cyclical feedback loop to describe how students’
learning unfolds over time are cognitive in nature (Cleary & Zimmerman, 2012).

To link the theories of SRL and cognitive engagement, this article builds from previous
work that examined cognitive engagement in specific learning contexts (e.g., Jarvela et al.,
2016; Pardo et al., 2017; Sinatra et al., 2015) and work that embedded cognitive engagement
within models of SRL (Cleary & Zimmerman, 2012; Wolters & Taylor, 2012; Zusho, 2017).
Specifically, we define cognitive engagement as “the extent to which individuals think
strategically along a continuum across the learning or problem-solving process in a specific
task.” This definition is adapted from Cleary and Zimmerman (2012) but more plainly refers to
the changing nature of cognitive engagement. In particular, the ideas in our definition of
cognitive engagement are four-fold: First, this definition suggests that cognitive engagement is
essentially a consecutive process, which fluctuates over time as students immerse themselves
in learning. Second, cognitive engagement is meant to associate with specific topics or
learning activities. Third, it indicates that cognitive engagement consists of both qualitative
and quantitative dimensions; i.e., students can allocate varying amounts of cognitive resources
for different strategies in learning, which is in consonance with the research of Miller (2015).
And last, this definition highlights the cognitive aspect of learning, which could either occur
unconsciously or be metacognitively governed. Conceptualizing cognitive engagement in this
way represents a conceptual change among researchers from considering cognitive engage-
ment as a static aptitude or ability (Appleton et al., 2006; Jarvela et al., 2016; Rotgans &
Schmidt, 2011) to a dynamic ever-changing series of events that exist along the learning
process (Cleary & Zimmerman, 2012; Sinatra et al., 2015).

In the present paper, we first elaborate on the nature of cognitive engagement to pave
the way for comparison with SRL in terms of theoretical similarities and differences. As
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pointed out by Azevedo (2015), a key issue that plagues the research of cognitive
engagement is the lack of agreement among researchers about the nature of this con-
struct. For example, a critical contention is whether researchers should view cognitive
engagement as a stable, trait-like attribute or a dynamic, state-like process. This choice is
crucial because different epistemologies lead to different study designs and measure-
ments concerning cognitive engagement. Although our definition provides insights about
what cognitive engagement is, it is necessary to draw a full picture of its features by
synopsizing different perspectives and contemporary findings. We then examine similar-
ities and differences between cognitive engagement and SRL. This discussion is follow-
ed by an introduction of recent attempts to investigating cognitive engagement within
models of SRL. Finally, we end with a proposed integrative model of SRL engagement.
We discuss a few important implications drawn from the integrative model of SRL
engagement, as well as some of the key issues to address in future research.

The nature of cognitive engagement
Cognitive engagement as a consecutive process

Cognitive engagement is extensively studied as a dichotomous process, such as deep or
meaningful versus shallow cognitive engagement, deep versus surface processing, and cogni-
tive engagement versus disengagement (Azevedo, 2015; Dinsmore & Alexander, 2012;
Greene, 2015). As an example, Greene (2015) defined two types of cognitive engagement:
deep and shallow engagements, based on Craik and Lockhart's (1972) depth of processing
model. Specifically, Greene (2015) viewed deep engagement as involving the active use of
prior knowledge and deep strategies (e.g., monitoring and self-reflection) in learning, whereby
more complex knowledge structures are generated. Shallow engagement involves the use of
intentional but mechanical strategies that need limited thoughtful cognitive actions, such as
verbatim memorization and rehearsal. However, as pointed out by Azevedo (2015), using
dichotomies to investigate engagement-related processes is problematic, since the dichotomies
underestimate the complex nature of cognitive engagement and do not help clarify this
construct. Furthermore, since there is no robust theoretical basis for separating deep from
shallow engagement, it is difficult to align behavioral and cognitive indicators to deep or
shallow categories across studies (Bernacki et al., 2012). For instance, Dinsmore and
Alexander (2012) examined 221 engagement-related studies and had difficulty making com-
parisons across these studies since there were varying clarifications of deep and surface
processing and situational factors. Although cognitive engagement is often examined at a
deep or surface level, researchers are reaching a consensus that cognitive engagement is not a
dichotomous construct but rather a dynamic phenomenon that can change over time as
learning occurs. Cognitive engagement, as basic processing operations to initiate or sustain
students’ interaction with specific tasks, activities, and learning environments, is inherent to all
learning processes (Boekaerts, 2016).

Context dependent

Researchers generally agree that cognitive engagement is context-specific, which means it
varies across academic domains and learning situations (Boekaerts, 2016; Cleary &
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Zimmerman, 2012; Fredricks et al., 2004; Jarvela et al., 2016; Miller, 2015). Cognitive
engagement occurs as students interact with specific learning tasks and environments. Ac-
cording to Helme and Clarke (2001), there exist three interacting factors that impact cognitive
engagement, i.e., the individual, the learning environment, and the tasks per se. First of all, the
characteristics that the individual brings to the learning context (e.g., skills, disposition, and
motivational beliefs) influence his/her cognitive engagement, which has already been corrob-
orated by a wide range of empirical studies (Helme & Clarke, 2001). Furthermore, learning
environments also play a role in cognitive engagement since they can either promote or
constrain one’s use of particular learning strategies and types of interactions with other
stakeholders. Finally, the characteristics of tasks, be they well-structured versus ill-structured,
have an impact on cognitive engagement, although the relations are not clear. For example, ill-
structured tasks stimulate more deep strategies and effort when compared with well-structured
tasks, but they might also hamper the cognitive engagement of a learner if he/she perceives the
task as too difficult (Jarvela et al., 2016). In sum, cognitive engagement is dependent on the
context, and it depends on the complex interplay of personal and contextual influences (Cleary
& Zimmerman, 2012; Greene, 2015; Helme & Clarke, 2001).

Changes quantitatively and qualitatively in learning

In a recent special issue on student engagement and learning in Learning and Instruction,
Boekaerts (2016) found that all contributors found engagement to be malleable rather than
stable across learning situations. Greene (2015) further argued that cognitive engagement is
“not a stable characteristic of either a learner or a learning environment but rather a fluid set of
processes that can be influenced by learners themselves and by the environment” (p. 27).
These ideas support the context-sensitive nature of cognitive engagement. It appears that a
consensus has been reached that cognitive engagement is malleable during learning. However,
it is still worth highlighting the changing nature of cognitive engagement based on the
following considerations. First, researchers who defined cognitive engagement as involving
students’ willingness to learn still viewed this construct as a more or less stable trait of learners,
disregarding the pressing need to distinguish cognitive engagement from motivational con-
structs as recognized by modern perspectives of cognitive engagement (Rotgans & Schmidt,
2011). Second, there are discrepancies between how researchers define cognitive engagement
and how they measure this construct. That is, researchers are found to be using instruments
designed to measure generally stable, trait-like cognitive engagement, such as retrospective
self-report questionnaires and interviews, although they acknowledge that cognitive engage-
ment is a dynamic process (D’Mello et al., 2017; Rotgans & Schmidt, 2011; Wolters & Taylor,
2012). In fact, few shreds of evidence can be obtained from previous studies about how
cognitive engagement dynamically shifts or changes in students’ learning processes (Cleary &
Zimmerman, 2012).

Miller (2015) contributed to this area of research by providing a description of how changes
in cognitive engagement in learning might be examined. According to Miller (2015), students’
cognitive engagement changes quantitatively and qualitatively when solving a task. Students
may distribute varying amounts and forms of cognitive resources between and within
academic tasks. Specifically, high levels of cognitive engagement typically involve the
allocation of large amounts of cognitive resources, as well as the use of deep processing and
metacognitive strategies. On the contrary, students who have a low level of cognitive
engagement would use a relatively small amount of cognitive resources to perform shallow
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processing and heuristic strategies. This depiction is partially in line with Linnenbrink's (2005)
proposition that cognitive engagement included both the quality and quantity of self-regula-
tion. Specifically, the quality of self-regulation refers to students’ use of self-regulatory
strategies, while the quantity of self-regulation means their persistence in learning when facing
obstacles. Furthermore, Miller's (2015) depiction is also consistent with Cleary and
Zimmerman's (2012) definition of cognitive engagement, as well as with the definition
proposed by this paper, since both definitions emphasize the importance of taking the
quantitative (i.e., to what extent students think strategically) and qualitative (i.e., what types
of thinking strategies students use) aspects of cognitive engagement into consideration. It is
worth mentioning that the terms “the extent to which students think strategically” and
persistence can both describe the process of quantitative effort in learning whereby students
engage actively and constructively toward personal goals. However, they are distinct con-
structs. The term “the extent to which students think strategically” is concerned with simply
the amount of effort students invest in learning, whereas persistence refers to students’
tendency to maintain effort when obstacles are encountered. Persistence as such requires a
continuing investment in learning and substantial effort.

To conclude, cognitive engagement changes quantitatively in that students continuously
change the frequency, duration, and intensity of effort over the learning or problem-solving
process. From a SRL perspective, students are active participants who can purposefully
manage the allocation of effort based on their internal conditions and task environments. At
the same time, cognitive engagement changes qualitatively in that students adaptively choose
different learning strategies to fulfill personal goals (Boekaerts, 2006; Miller, 2015).

Can be either conscious or unconscious

According to Boekaerts (2006), students who are already cognitively engaged in a task may—
consciously or unconsciously—increase or decrease their levels of cognitive engagement by
manipulating the amount of attention, energy, or time in the process of problem-solving. The
idea of adjusting one’s cognitive engagement, consciously or unconsciously, is in accordance
with Dole and Sinatra's (1998) research, in which they report a continuum of cognitive
engagement from “low cognitive engagement” (which they defined as minimal cognitive
effort and use of surface-level strategies) to “high metacognitive engagement” (which they
defined as more cognitive effort and use of deep and metacognitive strategies). Along this
continuum, the “low cognitive engagement” is considered automatic, without personal con-
sciousness, while the other end is considered “high metacognitive engagement,” which is
deliberate and metacognitively governed (Miller, 2015). In short, sustaining cognitive engage-
ment in learning can be either conscious or unconscious, depending on whether or not
metacognitive activities are involved.

Self-regulated learning and cognitive engagement
Self-regulated learning
Panadero (2017) conducted a review of SRL models and found that six models were prevalent

in the literature, including those developed by Pintrich (2000), Zimmerman (2000), Winne and
Hadwin (1998), Boekaerts and Niemivirta (2000), Efklides (2011), and Hadwin et al. (2011).
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We provided a comparison of the six dominant SRL models in Table 1. In particular, the SRL
model proposed by Pintrich (2000) puts emphasis on how motivational constructs, especially
goal orientation, are related to SRL processes. Zimmerman's (2000) cyclical phase model of
SRL is very similar to that of Pintrich (2000) in terms of background theory, definition,
components, and empirical research (Puustinen & Pulkkinen, 2001). The four-stage model of
SRL proposed by Winne and Hadwin (1998) argued that metacognitive monitoring produces
internal feedback in each phase of SRL, which distinguishes this model from all the others
(Puustinen & Pulkkinen, 2001). In addition, Winne and Hadwin's (1998) SRL model differed
from others in that the model described each SRL phase with the COPES (i.e., conditions,
operations, products, evaluations, and standards) cognitive structure. In the extended model of
adaptable learning (Boekaerts & Niemivirta, 2000), there are two goal pathways (i.e., the
mastery/growth pathway and the well-being pathway) that drive students’ regulation of
behaviors, cognitions, and emotions. Regarding the metacognitive and affective model of
SRL (MASRL) (Efklides, 2011), it is unique in that the model distinguishes two levels of
functioning in SRL, namely, the person level and the task X person level. The most salient
feature of the model developed by Hadwin et al. (2011) is probably the distinction between the
three modes of regulation in collaborative settings: self-regulation, co-regulation, and shared
regulation. In this study, we do not intend to duplicate Panadero's (2017) review of the six SRL
models, since he provided a detailed description of the history, development, features, and
measurement instruments for each model. Instead, we discuss some basic assumptions under-
lying most SRL models and the state of the art of SRL research so that a shared understanding
can be reached when comparing SRL with other constructs.

Researchers generally agree that SRL models form an integrative and coherent framework
(Panadero, 2017). Across most SRL models, self-regulated learning is reviewed as an active,
iterative process through which learners purposefully control and monitor their behavioral,
cognitive, emotional, and motivational aspects of learning to fulfill learning goals (Boekaerts
et al., 2005; Pintrich, 2004; Wolters & Taylor, 2012). Moreover, all the SRL models share four
basic assumptions about learning (Pintrich, 2000). One assumption is that learners are active,
constructive participants who can construct their own meanings from the information available
in the internal and external environments. Second, all the models assume that learners can
potentially monitor, control, and regulate certain aspects of learning process and environments.
A third assumption is that self-regulation of learning and performance is goal-driven, suggest-
ing that learners continuously compare their learning processes with certain criteria or stan-
dards. Lastly, there are complicated interplays between personal/contextual characteristics and
actual performance, which are mediated by learners’ self-regulatory activities. In addition to
these four basic assumptions, researchers have reached a consensus that SRL is a contextual-
ized, cyclical process consisting of feedback loops (Schunk & Greene, 2017).

While the six SRL models are all theoretically sound and are supported by ample
empirical evidence, they are not without shortcomings. As shown in Table 1, one
weakness of the six models lies in the fact that they comprise a limited number of
components, typically ranging from three to five cyclical phases or elements (Zeidner,
2019). Considering that the complexity of the learning process has been simplified in
the six dominant SRL models, they explain only a fraction of learning phenomena. As
pointed out by Zeidner (2019), “future models may need to be less simplistic and
more complex than current models, incorporating dynamic concepts and additional
structural components in the model” (p. 266). This study takes the initiative to enrich
the repertoire of SRL models by exploring the role of cognitive engagement in SRL.
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Table 2 Perspectives on the relationships between SRL and cognitive engagement

Relationship Argumentation
SRL contains cognitive Self-regulated learners should be cognitively engaged
engagement Cognitive engagement is defined as involving the use of SRL strategies

(Furlong & Christenson, 2008; Horner & Shwery, 2002)
There is little difference between cognitive engagement and the cognitive aspect
of SRL with respect to their measurements (Wolters & Taylor, 2012)
SRL is one form of cognitive There are four forms of cognitive engagement, i.e., SRL, task focus, resource
engagement management, and recipience. SRL is the highest form of cognitive
engagement (Corno & Mandinach, 1983)
SRL associates with cognitive Cognitive engagement has a role in each of the SRL components, i.e., cognitive
engagement strategies, management and control of effort, and metacognitive strategies
(Pintrich & de Groot, 1990)
Cognitive engagement unfolds across and within SRL phases (Goh & Zeng,
2014; Jarvela et al., 2016)

Similarities and differences between SRL and cognitive engagement

Regarding the relationships between SRL and cognitive engagement, there mainly exist three
perspectives, as shown in Table 2. Wolters and Taylor (2012) examined the relations between
the cognitive aspects of SRL and cognitive engagement and concluded that there are consid-
erable overlaps between these two constructs. For instance, students viewed as self-regulated
learners should be cognitively engaged in learning or problem-solving, while cognitive
engagement is explicitly defined by some researchers as involving the use of SRL strategies
(Furlong & Christenson, 2008; Horner & Shwery, 2002). The increased use of cognitive/
metacognitive strategies is considered essential in both the SRL framework and cognitive
engagement. There is also little practical difference between the cognitive aspect of SRL and
cognitive engagement in some research (Wolters & Taylor, 2012). As an example, Pizzimenti
and Axelson (2015) drew upon the SRL framework, specifically the Motivated Strategies for
Learning Questionnaire (MSLQ) (Pintrich & de Groot, 1990), to infer students’ level of
cognitive engagement.

Considering the substantial conceptual consistency, some researchers considered SRL as a
special form of cognitive engagement. For example, Mandinach and Corno (1985) conceptu-
alized four forms of cognitive engagement: self-regulated learning, resource management,
recipient learning, and “task-focused” leamning. Specifically, self-regulated learning is the
highest form of cognitive engagement during which students are cognitively engaged in
planning, monitoring, and adjusting their own problem-solving processes (Corno &
Mandinach, 1983). Resource management refers to the situation where students reduce their
self-regulatory learning activities to some extent and rely on external resources to accomplish a
task, while recipient learning requires a minimal investment of cognitive effort as students
receive information passively. Task-focused learning refers to investing considerable effort but
failing to consider information beyond the task itself, i.e., cues and feedback. SRL is
considered the most sophisticated form of cognitive engagement, while the other three forms
of cognitive engagement emphasize different aspects of SRL. Students may use a form of
cognitive engagement qualitatively different from SRL by emphasizing some SRL processes
and deemphasizing others (Corno & Mandinach, 1983). The application of appropriate forms
of cognitive engagement according to task demands and instructional features is essential to
learning (Mandinach & Corno, 1985).
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Table 3 The differences between SRL and cognitive engagement

SRL Cognitive engagement
Learning is not necessarily an SRL process Cognitive engagement is inherent in all learning
processes
SRL is metacognitively governed Cognitive engagement may occur unconsciously or
consciously
SRL is a cyclical process that consists of clear phases Cognitive engagement has been considered as a
or subprocesses continuous variable changing along a continuum
SRL involves a variety of cognitive processes, such as Cognitive engagement is mainly concerned with the
the management of mental effort, environmental investment and allocation of mental effort on learning
influences, and internal constraints strategies

Despite conceptual overlaps between the SRL and cognitive engagement constructs, there
are points on which they diverge (see Table 3). For one, learning is not necessarily an SRL
process, whereas cognitive engagement is inherent in all learning processes (Boekaerts, 2016).
For example, when students are forced to accomplish a task with rigid but clear procedures,
they may appear cognitively engaged but would likely not be self-regulated (Wolters &
Taylor, 2012); Secondly, SRL is metacognitively governed (Boekaerts, 2006), which means
self-regulated learners metacognitively monitor qualities of their problem-solving processes
and exercise control to make adjustments (Winne, 2010). In contrast, changing or sustaining
one’s level of cognitive engagement can be either conscious or unconscious (Dole & Sinatra,
1998). Thirdly, SRL has clear stages that complete the process of learning or problem-solving,
while cognitive engagement has been considered as a continuous variable along a continuum.
For example, Winne and Hadwin (1998) argued that SRL consists of four interdependent and
recursive phases: task definition, goal setting and planning, enactment, and adaptation.
Zimmerman (2000) contended that SRL involves three cyclical phases: forethought, perfor-
mance, and self-reflection. With respect to cognitive engagement, it exists along a continuum
from the level of low to high across the learning process (Dole & Sinatra, 1998; Gonzalez
et al., 2016). Lastly, the cognitive aspect of SRL is more than cognitive engagement. It also
involves other components, such as the management of environmental or internal constraints
during learning (Cleary & Zimmerman, 2012).

Thus, taking SRL as the highest form of cognitive engagement could be problematic, given
that SRL is an evolving process in nature, whereby students exert an appropriate amount of
cognitive resources to solve a task. It does not necessarily mean sustaining the highest level of
cognitive engagement across the whole SRL process (Greene, 2015). Furthermore, it is
problematic to explore cognitive engagement by only utilizing parts of SRL questionnaires,
such as the MSLQ, since (1) it mixes the boundary between SRL and cognitive engagement
and (2) it often captures the qualitative aspect of cognitive engagement, i.e., the use of SRL
strategies, while the quantitative aspect of cognitive engagement (i.e., to what extent students
apply SRL strategies) is overlooked. However, research on SRL and cognitive engagement has
advanced mutual theoretical frameworks and helped researchers develop a more holistic
understanding of students’ learning. For example, Greene (2015) mentioned that Pintrich
and de Groot's (1990) conceptualization of self-regulated learning (SRL) contributed to
cognitive engagement studies by introducing two types of learning strategies: cognitive
strategy (which can be further classified into shallow strategies and deep strategies) and self-
regulation. Thus, Greene (2015) developed a scale that consisted of three components (i.e.,
self-regulation, deep strategy use, and shallow strategy use) to measure the extent to which
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students engaged cognitively in the problem-solving process. Meanwhile, research on SRL
also benefited from the literature on cognitive engagement. Inspired by research on deep
versus surface learning, Blom and Severiens (2008) identified two types of learning patterns,
self-regulated deep learning and self-regulated surface learning. In self-regulated deep learn-
ing, students apply deep learning strategies, like elaboration and critical thinking, to accom-
plish tasks, while students mainly use surface strategies (e.g., rehearsal) in self-regulated
surface learning.

In summary, SRL and cognitive engagement are two distinct constructs, but they share
many similarities. Researchers who adopted this perspective tended to focus on the
mechanisms of how SRL phases are related to the functioning of cognitive engagement
instead of considering one construct contains the other. For instance, Pintrich and de Groot
(1990) argued that there were three crucial components of SRL, i.e., cognitive strategies,
students’ management and control of their effort, and metacognitive strategies. Cognitive
engagement has a role in each of these SRL components. For instance, different cognitive
strategies such as rehearsal and elaboration foster an individual’s cognitive engagement;
students’ management and control of effort necessitate learners’ cognitive engagement; and
metacognitive strategies serve to adjust the levels of cognitive engagement in response to
internal and external feedback. There are also emerging empirical studies examining how
cognitive engagement unfolds across and within SRL phases. For example, Jarvela et al.
(2016) collected 84 hours of video recordings of 44 students’ interaction in collaboration
during a math course and coded these video recordings in terms of types of engagement (i.e.,
cognitive and socioemotional) and SRL phases (i.e., forethought, performance, and reflection).
Goh and Zeng (2014) reported a longitudinal study involving four students engaged with SRL
activities in English listening tests. They tracked the learners’ engagement during four phases
of SRL, namely, task definition, goal setting and planning, strategy enactment, and
metacognitive adaptation. Both studies found that cognitive engagement occurred differently
across the SRL phases, regardless of different SRL models.

Models linking SRL and cognitive engagement

To further advance our understanding of the role cognitive engagement plays in SRL, one
necessary step is to establish more comprehensive theoretical specifications as to how cogni-
tive engagement and SRL are related. Some progress has been made in this direction, as is
shown by the work of Butler and Winne (1995), Cleary and Zimmerman (2012), and Zusho
(2017).

The elaborated model of SRL

Butler and Winne (1995) proposed an elaborated model of SRL for analyzing students’
cognitive processes, which spotlights “the cognitive operation of monitoring as the hub of
self-regulated cognitive engagement” (p. 245). According to Butler and Winne (1995), self-
regulated cognitive engagement describes a process during which students are aware of the
qualities of their cognitive engagement and the discrepancy between the current level of
cognitive engagement and a predetermined goal. Students can monitor and self-regulate the
extent to which they cognitively engage in learning. There are two main arguments in Butler
and Winne's (1995) description of self-regulated cognitive engagement: First, the goals
students adopt in SRL drive their cognitive engagement. When encountering obstacles in
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pursuing a goal, students may modify their cognitive engagement by adjusting existing ones or
even set new goals. Second, internal monitoring and feedback play a crucial role in self-
regulated engagement. Specifically, internal monitoring of one’s cognitive engagement in SRL
generates feedback, which in turn influences the individual’s regulation of subsequent cogni-
tive engagement. However, Butler and Winne (1995) did not provide a clear definition of self-
regulated cognitive engagement. Unfortunately, they used SRL, self-regulated engagement,
and self-regulated cognitive engagement interchangeably, causing some confusion on how
such terms differ. Moreover, they did not draw a distinction between cognitive engagement
and cognitive processing in their research. They define cognitive engagement as a broad term
referring to as an unfolding cognitive process that involves students’ beliefs, knowledge, and
learning strategies. Although Butler and Winne (1995) expanded the research examining the
relations between cognitive engagement and SRL, questions remain as to how cognitive
engagement should be conceptualized in SRL contexts and how it unfolds dynamically in
SRL.

The theoretical framework of self-regulatory engagement

Cleary and Zimmerman (2012) linked the constructs of SRL and cognitive engagement and
delineated a theoretical framework of self-regulatory engagement. In this framework, Cleary
and Zimmerman (2012) were primarily concerned with the extent to which students became
cognitively engaged in the three sequential phases of self-regulatory learning, i.e., forethought,
performance, and self-reflection. Students who proactively engage in the forethought phase
seek to identify the requirements of a learning task (task analysis), set goals, and develop plans
to achieve one’s goals. During the performance phase, highly SRL-engaged students utilize
various self-control processes (e.g., self-instruction, attention focusing, use of cognitive and
metacognitive strategies) to optimize their problem-solving trajectories. In terms of the self-
reflection phase, SRL-engaged learners evaluate whether their levels of cognitive engagement
yield expected performance, attribute success and failure to the strategies they applied during
learning, and make adjustments to their learning strategies correspondingly. Although students
can attribute their performance to other contextual and personal factors, a key point in the self-
reflection phase of SRL-engaged learning is that students display consistent thinking in the
sphere of strategies (Cleary & Zimmerman, 2012). Having been rooted in the three-phase SRL
theory proposed by Zimmerman (2000), the framework of self-regulatory engagement delin-
eates a clearly defined “process’ account of how students self-regulate their levels of cognitive
engagement over time. However, this framework does not address the question of how
students initially become cognitively engaged in learning. The question related to the func-
tioning of cognitive engagement in SRL phases is also unclear. Moreover, this framework
emphasizes the use of strategies but overlooks the extent to which students allocate mental
effort on strategy use.

The integrative model of student learning

A recent study by Zusho (2017) also contributed to the development of an integrated
model of SRL and cognitive engagement. Specifically, Zusho (2017) proposed an
integrative model of student learning by first providing a critical analysis of three
distinct yet overlapping streams of research (i.e., SRL, patterns of learning, and
student engagement) and by taking into consideration the strengths of each of these
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approaches. At the heart of this model is the interaction between cognition (i.e., use
of cognitive and self-regulatory strategies) and motivation, which is influenced by
both personal and contextual factors at varying levels. Zusho (2017) argued that the
interacting effect of cognitive and motivational processes accounted for students’
learning outcomes, including understanding, academic risk-taking, engagement, and
achievement. Engagement was considered an outcome and was indicated by effort,
choice, and persistence. A marked feature of Zusho's (2017) model is its ambitious
attempt to integrate the three influential models of students” learning; however, this
integrated model was not without criticism. First, some central theoretical claims
pertaining to each stream of research (e.g., SRL and student engagement) were
overlooked in the integrated model. Although Zusho (2017) claimed that this model
was heavily influenced by SRL research, she provided no illustration with regard to
how students self-regulate their learning in a cyclical feedback loop. Instead of
delineating the functioning of various types of engagement (e.g., cognitive and
behavioral) and their roles in SRL, Zusho (2017) used the term student engagement
broadly. Furthermore, some researchers question whether engagement can be catego-
rized as a learning outcome since many researchers considered engagement as an
inherent aspect of the learning process (Boekaerts, 2016; D’Mello et al., 2017; Eccles,
2016).

In a word, more work is needed to advance the integration of theories of SRL and cognitive
engagement, since each of the aforementioned models has its own shortcomings. Researchers
generally agree that the integration of SRL and cognitive engagement is still in its infancy
(Cleary & Zimmerman, 2012; Wolters & Taylor, 2012; Zusho, 2017). Nevertheless, it is
noteworthy that previous research can inform future studies: First, an integrative model should
situate the construct of cognitive engagement in the context of SRL rather than SRL being
considered part of cognitive engagement. Second, cognitive engagement should be clearly
defined to avoid conceptual conflations with existing constructs, and the integrative model
should be integrally consistent with that definition of cognitive engagement. And lastly, the
integrative model should not only describe SRL-engaged learning but also illustrate the
mechanisms of how students shift or change their cognitive engagement within and across
SRL phases.

Manifestations:

Antecedents / Facilitators: Absorption
Motivation beliefs, Dedl»cahon

Emotions Vigor
Persistence

»
Performance Phase Self-Reflection Phase
Forethought Phase .. .

Muai

Task Analysis / + *
Goal setting Self-Control / Self-Judgment
+ / Strate%iefsf& Strate%iesf&
Initiating cognitive \ Mental effort \ Mental effort

g Evaluating cognitive engagement

engagement Self-Observation Self-Reaction
Strategic planning \ * \ *
Effort planning Monitoring cognitive Adiusti gnitive

?

Fig. 1 The integrative model of SRL engagement
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An integrative model of SRL engagement

We propose an extension of previous models linking SRL and cognitive engagement and label
it as an integrative model of SRL engagement. The proposed integrative model of SRL
engagement is shown in Fig. 1. Rooted in Zimmerman's (2000) three-phase SRL model, the
integrative model of SRL engagement also consists of three sequential phases: forethought,
performance, and self-reflection.

In the forethought phase, students analyze the task and set goals. They also plan the
strategies used to solve the task and corresponding effort needed on these strategies to reach
their goals. Our model is different from Zimmerman's (2000) model, which only involves
strategic planning in the forethought phase. Our model consists of two subprocesses of
planning: strategic planning and effort planning. This emphasis is in line with Dweck and
Leggett's (1988) research, which claimed that students with learning goals could plan not only
their learning processes (e.g., planning hypothesis-testing strategies), but also their levels of
mental effort exerted in these processes. The two subprocesses are driven by the goals set
before, whereby learners initially become cognitively engaged in learning or problem-solving.
Consistent with Butler and Winne's (1995) argument that the goals students adopt in SRL
drive their cognitive engagement, this model also considers a predetermined goal to be the
primary source that influences the self-regulation of cognitive engagement in the three cyclical
SRL phases.

In terms of the performance phase, students maintain their initial level of cognitive
engagement to reduce performance discrepancy against a goal state. In this phase, students
generally self-control (1) what cognitive strategies they choose and (2) the level of intensity
(e.g., the amount of mental effort) in which they engage in the utilization of a strategy.
Although the use of deep level strategies implies that students are more cognitively intensely
involved in learning compared with the use of relatively simple or surface-level strategies (e.g.,
rehearsal), there are differences among students on the allocation of mental efforts toward even
the same deep strategy, reflected by their choices of the frequency, duration, or intensity of that
strategy (Pintrich & Schauben, 1992). This argument provides important insights into the SRL
studies regarding the optimization of the problem-solving process. Students adaptively assem-
ble appropriate strategies and amounts of mental effort to solve problems rather than exert
themselves on tasks. In this sense, the proposed model describes how self-regulated learners
strategically manage their engagement to be cognitively efficient in learning or problem-
solving. Cognitive efficiency is a core feature of SRL engagement. As a subprocess of the
performance phase, self-observation serves an information function in that students become
aware of the state and qualities of their cognitive engagement. From an engagement perspec-
tive, this regulatory process involves monitoring one’s use of strategies and the mental effort
invested in these strategies.

During the self-reflection phase, students first make judgments on their self-monitored
cognitive engagement to see whether the current level of cognitive engagement is sufficient for
reaching expected performance. This process is crucial because it determines how students
adjust their cognitive engagement to meet their predetermined goals. Although the two
subprocesses (i.e., self-judgment and self-reaction) are the same as Cleary and Zimmerman's
(2012) SRL engagement model, there are two main differences: First, the focus of self-
judgment in the proposed model is one’s cognitive engagement, i.e., the effectiveness of
learning strategies and the appropriateness of amounts of mental effort. However, the focus of
self-judgment in Cleary and Zimmerman's (2012) model is one’s level of success or
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performance, based on which students make adjustments to their learning strategies. Second,
self-reflection in Cleary and Zimmerman's (2012) model is considered as a multicomponent
cognitive process involving subprocesses of self-evaluation, causal attributions, adaptive
inferences, self-satisfaction, and so on (Cleary & Zimmerman, 2012). To keep theoretical
and conceptual consistencies in illustrating the mechanisms of cognitive engagement in SRL,
the self-reflection phase in the proposed model mainly focuses on students reflecting the extent
to which (i.e., mental effort) they think strategically (i.e., learning strategies) in performance.

It is notable that our model highlights the changing nature of cognitive engagement,
suggesting that individuals are always in the process of making adjustments on the fly in
terms of the quantitative and qualitative aspects of cognitive engagement. The flexible
adjustments of the two aspects of cognitive engagement occur in an ongoing manner through-
out the learning process, although students do not necessarily change the two aspects simul-
taneously. Considering that cognitive engagement is inherent in all learning processes
(Boekaerts, 2016), the quantitative component of cognitive engagement (i.e., level of mental
effort) does not vanish in learning but changes along a continuum ranging from effortlessness
to maximum effort. Regarding the qualitative component of cognitive engagement, students
continuously activate or deactivate certain learning strategies depending on their judgments or
reflection of the effectiveness of such strategies. We contend that the two components of
cognitive engagement do not compensate or constrain each other in general, although varying
initial levels of mental effort are needed for different learning strategies to be activated. For
example, a student may sustain a high level of mental effort on a shallow strategy (e.g.,
rehearsal) for a long time. It might also be the case that students spend relatively little time on
deep strategies. Moreover, this model gives particular emphasis to the issue of how cognitive
engagement unfolds across and within SRL phases. In particular, students’ personal goals
initiate the quantitative and qualitative aspects of cognitive engagement, performance discrep-
ancy sustains the two aspects of cognitive engagement, and student self-reflection drives the
adjustments of cognitive engagement.

While admitting that motivation beliefs and emotions are integral to the SRL process, this
model views these components as antecedents or facilitators of cognitive engagement in the
three SRL phases. This is in line with previous research, which claims that motivation
constructs predict or facilitate one’s level of cognitive engagement (Corno & Mandinach,
1983; Greene, 2015; Greene et al., 2004). In addition, our model steps further to differentiate
cognitive engagement from its manifestations such as absorption, dedication, vigor, and
persistence (Wouters et al., 2017). Contrary to Zusho's (2017) model in which engagement
is characterized as outcomes, we consider the manifestations of cognitive engagement rather
than cognitive engagement per se to be learning products.

Taken together, the elaborated integrative model of SRL engagement contributes signifi-
cantly to the body of research on the integration of SRL and cognitive engagement. A unique
feature of this model is that it takes the nature of cognitive engagement into account, allowing
new educational research leads to emerge to reveal the essence of students’ learning. More-
over, the development of the proposed model is based on a thorough analysis of the similarities
and differences between cognitive engagement and SRL, as well as an analytical review of the
three prominent integrated frameworks. Furthermore, the proposed SRL engagement model is
one of the first to clarify the mechanisms of how SRL phases and subprocesses are related to
the functioning of cognitive engagement. In addition to adding to the theoretical discussions of
the relations between cognitive engagement and SRL, our model informs the design of
adaptive scaffoldings and the practice of learning analytics. In particular, this model suggests
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that high performers can strategically regulate their cognitive engagement in different SRL
phases, which means that shallow engagement is not always dysfunctional and detrimental to
students’ performance. On a practical level, instructors should allow the presence of shallow
engagement, since keeping students deeply engaged throughout the learning process can be
cognitively demanding or even impractical in certain circumstances. The focus of instructional
scaffoldings or interventions should be placed on the key subprocesses of learning, where a
high level of cognitive engagement contributes most to students’ performance. Moreover, this
model highlights the importance of tracking, modeling, and visualizing the dynamics of
cognitive engagement over the course of SRL, which informs the practice of learning
analytics. For instance, it is suggested to model not only what strategies high-performing
students use in different SRL phases but also the extent to which they use such strategies, in
order to reveal significant and effective problem-solving patterns.

Based on the integrative model of SRL engagement, many fruitful lines of research
can be generated. First, the proposed model calls for more empirical studies designed
to validate its theoretical specifications, such as whether or not students plan not only
learning strategies but also the amount of mental effort needed in the forethought
phase. Of particular interest for future research is to examine how cognitive engage-
ment shifts or sustains within and across SRL phases, considering it is an
underexplored research area (Cleary, 2011; Cleary & Zimmerman, 2012). It is also
valuable to recognize the common truth regarding how cognitive engagement changes
in cyclical SRL phases from studies conducted in various contexts and with different
populations. A second line of future research that scholars may find important is the
joint effects of SRL and cognitive engagement on learning performance (Pardo et al.,
2017). Considering the absence of studies documenting students’ effort on various
learning strategies in different SRL phases, as a consequence, there is no surprise that
much work is needed to be done when taking an extra factor of students’ performance
into consideration (Wolters & Taylor, 2012). In addition, researchers studying student
engagement are highly interested in promoting students’ cognitive engagement, leav-
ing the efficiency of cognition and engagement largely unexplored. Therefore, it
would be promising to investigate the efficiency of SRL engagement and its associ-
ations with students’ SRL skills, task features, and performance. A final recommen-
dation for future research is to study the influences of motivation and emotion on
cognitive engagement in different SRL phases. For example, self-efficacy has been
shown to be a crucial motivational source of students’ cognitive engagement (Cleary
& Zimmerman, 2012), while a predetermined goal has been claimed to drive one’s
cognitive engagement (Butler & Winne, 1995). It is unclear whether a predetermined
goal plays a more significant role in sustaining one’s cognitive engagement than self-
efficacy or vice versa. The future research directions described here are not inclusive
but have shown promise for providing new knowledge on the research of SRL and
cognitive engagement.

While the proposed model opens up new research directions, a crucial question that needs
to be addressed first is how can we measure cognitive engagement in a way that captures its
nature? In an attempt to answer this question, we proposed several suggestions which could
inform future researchers of the measurement of cognitive engagement underlying the pro-
posed model. The core idea of cognitive engagement, as illustrated in this paper, is about how
students allocate their mental effort on different learning strategies. Therefore, it is a necessity
to collect multichannel data using multiple methods so that the level of mental effort (i.e., the
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quantitative aspect of cognitive engagement) and corresponding learning strategies (i.e., the
qualitative aspect of cognitive engagement) can be assessed simultaneously. In fact, re-
searchers are increasingly calling for the use of multiple methods to measuring cognitive
engagement rather than relying merely on a single instrument (Betts, 2012; Greene, 2015;
Sinatra et al., 2015). Moreover, the measurement should be able to capture the dynamics of
cognitive engagement, especially the changing levels of mental effort, at a fine-grained
temporal resolution. Experience sampling method (ESM) provides a feasible solution since
it allows students to report on their changing effort levels during different stages of learning or
problem-solving. Alternatively, researchers can use advanced techniques, such as eye-tracking,
psychological measures (e.g., EEG), and text mining, to capture the changes of mental effort in
fine-grained sizes. The use of learning strategies can be measured via observations, think-
aloud, and log files. Taking one of our previous studies as an example (Li et al., 2021), we
inferred the learning strategies students used in solving a clinical problem from system log
files, and we detected the level of mental effort that was allocated on each learning strategy
based on students’ facial behavioral cues.

Conclusion

The research on SRL and student engagement is at a crossroads. Both two areas of research
attempt to understand students’ learning processes and the underlying factors that account for
students’ academic success and task performance. Nevertheless, studies on SRL and student
engagement have been conducted by separate research groups to date (Zusho, 2017), which
prevents researchers from obtaining a holistic understanding of how learning occurs and how
to improve learning. In this paper, we focused on the integration of SRL and cognitive
engagement, which could potentially help the field move forward. Specifically, we identified
the nature of cognitive engagement (i.e., changing consecutively, context-dependent, compris-
ing quantitative and qualitative dimensions, occurring consciously or unconsciously), based on
which we compared the differences and similarities between cognitive engagement and SRL.
Afterward, we reviewed three models that have investigated cognitive engagement within the
frameworks of SRL, analyzed their features and weaknesses, and proposed an integrative
model of SRL engagement. The proposed model explicitly illustrates the functioning of
cognitive engagement in SRL phases, for example, when cognitive engagement begins and
how it relates to different learning subprocesses.

We recognize that the proposed model is not without limitations. Although the model is
theoretically solid, there is currently few empirical evidence to verify its effectiveness. More
research is needed in the future to address concerns regarding the model’s validity. Moreover,
we consider students’ motivational beliefs and emotions as antecedents or facilitators of
cognitive engagement in the three SRL phases. However, the underlying mechanisms of
how motivational beliefs or emotions affect the dynamic changes of cognitive engagement
in SRL are still unclear, which instills some obscurity into our model. Despite the limitations,
our model provides a framework for asking important research questions and guiding future
research.
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