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Abstract

The goal of this paper is to present four key assumptions
regarding the measurement of cognitive and metacognitive
regulatory processes used during learning with hypermedia. First,
we assume it is possible to detect, trace, model, and foster SRL
processes  during learning with hypermedia. Second,
understanding the complex nature of the regulatory processes
during learning with hypermedia is critical in determining why
certain processes are used throughout a learning task. Third, it is
assumed that the use of SRL processes can dynamically change
over time and that they are cyclical in nature (influenced by
internal and external conditions and feedback mechanisms).
Fourth, capturing, identifying, and classifying SRL processes
used during learning with hypermedia is a rather challenging task.

1. Introduction

Learning with open-ended learning environments such as
hypermedia typically involves the use of numerous self-
regulatory processes such as planning, knowledge
activation, metacognitive monitoring and regulation, and
reflection (Azevedo 2005, 2008; Graesser et al. 2005;
Greene & Azevedo, 2009; Moos & Azevedo, in press;
Schraw 2007; Veenman, 2007; Winne & Nesbit, in press;
Zimmerman 2008). According to Pintrich (2000), self-
regulated learning (SRL) is an active, constructive process
whereby students set goals for their learning and then
attempt to monitor, regulate, and control their cognition,
motivation, and behavior guided and constrained by their
goals and the contextual features in the environment. Most
models of SRL propose a general time-ordered sequence
that students follow as they perform a task, but there is no
strong assumption that the various phases (such as
planning, monitoring, control, and reflection) are
hierarchically or linearly structured such that earlier phases
must occur before later phases (see e.g., Ainley & Patrick
2006; Azevedo, 2009; Azevedo & Witherspoon, in press;
Boekaerts et al. 2000; Efklides 2008; Greene and Azevedo
2007; Pintrich 2000; Schraw 2006; Schraw & Moshman
1995; Schunk, 2001, 2005; Winne, 2001; Winne &
Hadwin 1998, 2008; Zimmerman, 1989, 2001, 2006, 2008;

Zimmerman & Schunk 2001). While most theories,
models, and frameworks of SRL tend to agree on some
common basic assumptions (e.g., students are actively
constructing knowledge, contextual factors mediate one’s
ability to regualte aspects of learning), they also differ in
some fundamental issues regarding the nature of SRL (e.g.,
aptitude vs event, role of various contexttual agents,
number and types of processes, specificity of the
underlying internal and external mechanisms, explanatory
adequacy; see Schunk & Zimmerman, 2001, in press).
These discrepancies pose problems for those interested in
understanding and measuring regulatory processes during
learning with hypermedia (see Azevedo, 2005, 2007, 2009;
Greene & Azevedo, 2007, 2009; Moos & Azevedo, 2008a,
in press). The purpose of this paper is not resolve this long-
standing debate. The goal of this paper is to focus on some
of the theroetical, conceptual, and methodological issues
related to measuring the cognitve and metacognitive
regualtory processes during learning with hypermedia
environments.

2. Self-Regulated Learning (SRL) with
Hypermedia

The complex nature of SRL can be understood by
providing an example of learning with hypermedia.
Imagine a student is asked to learn about the human
cardiovascular system with an open-ended hypermedia
learning environment that contains several hundred static
diagrams, hundreds of paragraphs containing thousands of
words with corresponding static diagrams and video clips
all of which may be organized is some fashion (similar to
text chapters) and hundreds of hyperlinks allowing the
students to navigate freely throughout the environment.
One could imagine this self-regulated learner would
analyze the learning situation, set meaningful sub-goals,
and determine which strategies to use based on the task
conditions. In addition, the student may generate
motivational beliefs based on prior experience with the



topic and learning environment, success with similar tasks,
contextual constraints (e.g., provision of scaffolding and
feedback by the hypermedia environment or human or
artificial agent) and contextual demands (e.g., a time limit
for completion of the task). During the course of learning,
the student may assess whether particular strategies are
effective in meeting his learning sub-goals, evaluate his
emerging understanding of the topic, and make the
necessary adjustments regarding his knowledge, behavior,
effort, and other aspects of the learning context. The
adaptive adjustments, based on continuous metacognitive
monitoring and control related to the standards for the
particular learning task, facilitate decisions regarding
when, how, and what to regulate (Winne 2001, 2005;
Winne & Hadwin, 2008; Zimmerman, 2006). Following
the learning session, he may make several cognitive,
motivational, and behavioral attributions that affect
subsequent learning (Pintrich 2000). This scenario
represents a prototypical approach to self-regulating one’s
learning with hypermedia.

3. Understanding the complex nature of SRL:
Considering fundamental assumptions

Measuring cognitive and metacognitive processes
during learning with hypermedia

It has become increasingly important for researchers to
understand the complex nature of the underlying self-
regulatory processes that facilitate learning from open-
ended learning environments such as hypermedia. The
example described above is used to illustrate the intricate
nature of the metacognitive monitoring and regulatory
processes used during learning. While we acknowledge the
fundamental role of other key physiological, motivation,
affective, and social processes self-regulatory processes, in
this paper we focus exclusively on cognitive and
metacognitive processes during learning with hypermedia
environments. However, a consideration of these processes
requires a close examination of the fundamental
assumptions regarding measurement.

First, we assume that is it possible to detect, trace,
model, and foster SRL processes during learning. These
assumptions are based on decades of cognitive psychology
research using on-line trace methodologies such as eye-
tracking, concurrent think-aloud protocols, keystroke
analysis, and cognitive modeling in various domains across
school and professional domains. Each of these techniques
make fundamental assumptions regarding the role of
cognitive, metacognitive, behavioral, neural, and rational
processes during learning, skill acquisition, and
performance (see Anderson & Labiere, 1998; Ericsson,
1993, 2006; Newell, 1990; Newell & Simon, 1972). In our
research, we have adopted several of these key
methodologies to capture the deployment of SRL processes

during learning. Therefore, we make a fundamental
assumption that cognitive and metacognitive regulatory
processes can be detected and traced during learning. This
is accomplished by using a combination of concurrent
think-aloud protocols, video and audio time-stamp data,
and log-file data all captured during learning with
hypermedia. It should be noted that the SRL processes
captured with these methods is a direct reflection of the
nature of the analytical tools and that other on-line trace
methodologies (e.g., eye-tracking, error detection) would
provide additional data and perhaps reveal the deployment
of other cognitive and metacognitive SRL processes such
as micro-level understanding of the integration of specific
aspects of the text and diagram that are being integrated
into a coherent mental model. It is also important to
highlight that no one methodology can capture all of the
processes and that under some conditions it is unwise to
use some of these methods (e.g., using concurrent think-
aloud protocols for purely perceptual tasks or using
concurrent think-aloud protocols to examine SRL in
experts solving typical problems). The key is to converge
evidence from various analytical methods to measure the
deployment of cognitive and metacognitive processes.
These various methodologies will be furthered explored in
the next section.

Second, understanding the complex nature of the
regulatory processes during learning with hypermedia is
critical in determining why certain processes are used (i.c.,
what decisions did a student make that led to the
deployment of a particular process, set of processes,
absence of processes, and/or repeating patterns of
processes that may fluctuate during the learning). These
questions deal with the role of agency (Bandura, 1986),
self-efficacy (Moos & Azevedo, 2008, in press),
adaptivity, developmental differences in regulating
learning, task perceptions and several other issues found in
the literature. Additionally, these question address the
following: (1) whether learners use/did not use certain
processes because they had the metacognitive knowledge
but they could not translate that knowledge into regulatory
control, perhaps because their perception that particular
cognitive and metacognitive processes are too difficult or
they do not have the conditional knowledge to determine
when to use the SRL process; (2) lack of experience with
the cognitive and metacognitive strategies; (3) they may
have low self-efficacy in using such processes, (4) fail to
encode some critical aspect of the task environment or fail
to continuously and dynamically model changes in the task
environments leading to a poor task understanding, (5)
there may also be a lack of appropriate internal standards
(or no standards at all for a new task with new demands),
(6) failure to properly identify and register conditions, (7)
there may a cognitive or motivational explanation limiting
the student’s capability to execute the necessary regulatory
processes; and, (8) the hypermedia learning environment
may afford the learner the ability to deploy the necessary



regulatory processes (see Azevedo & Witherspoon, in
press; Winne, 2005; Winne & Nisbett, in press).
Addressing these complex decisions that determine the
extent to which learners’ engage in SRL is critical in
determining the explanatory adequacy of SRL models. It is
important to note, however, that these models will vary
based on the researcher’s theoretical orientation and
analytical methods.

Third, it is assumed that can the use of SRL processes
can dynamically change over time and that they are
cyclical in nature (Azevedo & Witherspoon, in press;
Schunk, 2001; Winne, 2001; Winne & Perry, 2000;
Zimmerman, 2008). This assumption is based on notion
that SRL processes are not only deployed in real-time but
that they fluctuate in terms of frequency depending on the
learning task (e.g., more planning processes at the
beginning of a learning task, almost constant use of
metacognition monitoring processes throughout the task).
The learners’ level of domain expertise is also critical in
the observed use of specific learning strategies such as a
sharp decrease from beginning to the end of a task for a
learning strategy such as note taking and drawing. Some
metacognitive monitoring processes such as judgments of
learning (JOLs) and feeling of knowing (FOKs) tend to
deployed at the same rate during a learning session. Other
processes tend to occur very infrequently because the
learning environment has been designed in such a manner
that it prohibits or facilitates the deployment of particular
strategies. For example, there are fewer occurrences of
content evaluation (a metacognitive judgment made when
one compares the content of the hypermedia learning
environment to one’s current goal) in a hypermedia
environment that has been designed so that diagrams are
only accessible when one commits reading the text.

Over the course of learning, learners leave a trace of
SRL processes that may reflect their emerging
understanding of the content, development or changes in
internal standards, motivational beliefs and attribution,
understanding of the dynamic changes of the learning
context, and particular phases of learning (e.g., acquisition,
retention, and retrieval, see Dunloksy, Serra, & Baker,
2007). These traces can be analyzed in several ways and
are informative in determining the qualitative and
quantitative changes in SRL processes. For example, are
particular SRL processes associated with knowledge
acquisition vs. knowledge integration? If so, what would
models of SRL predict? For example, Zimmerman and
Schunk’s (2001) socio-cognitive model would predict that
there would be more planning at the beginning of the task,
but does this hold if the task is dynamical and cyclical
(Schunk, 2005, Winne, 2001)? If so, then when does one
cycle end and another begin? What determines the onset of
an SRL cycle? Is it knowledge acquisition phases, SRL
phases (planning, monitoring, control, and reflection),
internal cognitive changes (e.g., changes in goal setting,
knowledge acquisition, standards), changes in contextual
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conditions (e.g., running out of time to complete the task),
fluctuations in motivational (e.g., increasing effort after
realizing that one is completing goals in a timely manner)
and affective (e.g., feeling confused after reading a
complex paragraph) processes, etc. So, these traces provide
both qualitative and quantitative data that should be mined
with various statistical techniques to understand the
evolvement of learners’ SRL behavior. Recent work on
state-transition analysis is currently being performed with
machine learning techniques (e.g., Baker et al., 2009;
Biswas et al.,, 2008; Rus, Lintean, & Azevedo, 2009;
Witherspoon, Azevedo, & D’Mello, 2008). Lastly, as
Winne & Nisbett (in press) state, these fluctuations can be
modeled as production rules which can then be embedded
in intelligent learning environments to model and foster
learners” SRL with hypermedia (e.g., Azevedo et al., 2008,
2009). These types of analyses are furthered explored in
the following section.

Fourth, capturing, identifying, and classifying SRL
processes used during learning with hypermedia is a rather
challenging task. Concurrent think-aloud protocols are the
premier tool used to capture, analyze, and classify SRL
processes. This method needs to be augmented with other
methods such as time-tamped video data and log-file data
to get the precision needed to classify SRL processes at
several levels of granularity. Those using these techniques
have created coding schemes that differ in the following
ways: complexity, level of granularity complexity,
developmental differences, task- or topic-dependent, and
they all reflect the researcher’s theoretical orientation (for
examples see Azevedo et al, 2008; Bannert, 2008;
Manlove et al., 2007; Hadwin et al., 2005; Narciss, 2009;
Pieschl et al., 2008; Whitebeard et al., 2009). For example,
some have a few higher-order categories to capture macro-
level aspects of metacognition and SRL (e.g., planning,
monitoring, learning strategies) while others include
micro-level aspects (e.g., judgment of learning, feeling of
knowing, hypothesizing, creating sub-goals). We have
recently added valence to our monitoring and learning
strategies to further examine the feedback mechanisms
associated with SRL during learning. For example,
according to Azevedo and colleagues’ work (see Azevedo,
2008; Azevedo & Witherspoon, in press) any classification
can be accomplished at different levels of granularity: (a)
macro-level (e.g., monitoring process), and micro-level
(e.g., JOL) with associated valence (either + or —).
However, it should be noted that other classification
systems and associated analytical approaches and statistical
analyses yield different metacognitive indices (e.g., see
Benjamin & Diaz, 2008; Greene & Azevedo, 2009;
Pieschl, 2009; Schraw, 2009; Van Overschelde, 2008). The
same can be done for learning strategies (e.g., correct
summarization vs. incorrect summarization). The addition
of valence allows us to examine the feedback mechanisms
and the nature of the linear and recursive feedback loops
during SRL and test predictions based on current models.



For example, according to several models of SRL,
metacognitive monitoring precedes metacognitive control
if the learner is engaged in goal-driven learning. So, this
would allow one to hypothesize that a metacognitive
judgment that one does not understand what he just read
(i.e., a negative judgment of learning [JOL-]) should be
followed by a learning strategy such as re-reading. After
re-reading the learner may perhaps judge that he now
understands the paragraph (i.e., a JOL+), and so on. What
about if the learner still did not understand the paragraph
after re-reading it? What should he do next? Would he re-
read again? If so, this would perhaps lead into a
maladaptive SRL cycle that may lead to frustration or
continued confusion. We argue that tracing the temporal
unfolding of these SRL processes is key to understanding
the nature of SRL processes, their inter-relationships,
adaptive vs. maladaptive processes, nature of the cycles,
and test predictions based on current models of SRL. The
following section will address methodologies that are
consistent with the assumptions outlined in this section

A more peculiar situation occurs if researchers decide to
add valence to processes related to planning as
relevant/irrelevant sub-goal for a task. From an objective
perspective a learners’ sub-goal can be classified based on
its correspondence to the overall learning goal; however, it
may erroneously classified as irrelevant if it is fact relevant
from the learners’ goals, perceived task understanding, and
motivations. Lastly, the classification of SRL processes are
based on a researcher’s inferences regarding what is
verbally and (overtly and/or covertly) behaviorally
observed in the trace data.

4.Acknowledgements

The research presented in this paper has been supported by
funding from the National Science Foundation (Early
Career Grant DRL 0133346, DRL 0633918, DRL
0731828, HCC 0841835) awarded to the first author. The
authors thank the other members of the team—C. Burkett,
A. Fike, M. Cox, R. Anderson, H. Skinner, and J. Wood.

References

Aleven, V., & Koedinger, K. R. (2002). An effective
metacognitive strategy: Learning by doing and explaining
with a computer-based cognitive tutor. Cognitive Science,
26, 147-179.

Azevedo, R. (2005a). Computers as metacognitive tools f
or enhancing learning. Educational Psychologist, 40(4),
193-197.

Azevedo, R. (2005b). Using hypermedia as a
metacognitive tool for enhancing student learning? The

11

role of self-regulated learning. Educational Psychologist
40(4), 199-2009.

Azevedo, R. (2007). Understanding the complex nature of
self-regulatory processes in learning with computer-based
learning environments: An introduction. Metacognition
and Learning, 2(2/3), 57-66.

Azevedo, R. (2008). The role of self-regulation in
learning about science with hypermedia. In D. Robinson
& G. Schraw (Eds.), Recent innovations in educational
technology that facilitate student learning (pp. 127-156).
Charlotte, NC: Information Age Publishing.

Azevedo, R. (2009). Theoretical, methodological, and
analytical challenges in the research on metacognition and
self-regulation: A commentary. Metacognition &
Learning, 4(1), 87-95.

Azevedo, R., & Aleven, V. (Eds.). (in prep). International
handbook of metacognition and learning technologies.
Amsterdam: Springer.

Azevedo, R., & Jacobson, M. (2008). Advances in
scaffolding learning with hypertext and hypermedia: A
summary and critical analysis. Educational Technology
Research & Development, 56(1), 93—100.

Azevedo, R., & Witherspoon, A. M. (in press). Self-
regulated use of hypermedia. In D. J. Hacker, J.
Dunlosky, & A. C. Graesser (Eds.), Handbook of
metacognition in education. Mahwah, NJ: Erlbaum.

Azevedo, R., Witherspoon, A. M., Graesser, A.,
McNamara, D., Rus, V., Cai, Z., Lintean, M., & Siler, E.
(2008). MetaTutor: An adaptive hypermedia system for
training and fostering self-regulated learning about
complex science topics. Paper to be presented at a
Symposium on ITSs with Agents at the Annual Meeting
of the Society for Computers in Psychology, Chicago.

Bockaerts, M., Pintrich, P., & Zeidner, M. (2000).
Handbook of self-regulation. San Diego, CA: Academic
Press.

Chi, M. T. H. (2005). Commonsense conceptions of
emergent processes: Why some misconceptions are
robust. Journal of the Learning Sciences, 14(2), 161-199.

Dunlosky, J., & Bjork, R. (2008) (Eds.). Handbook of
metamemory and memory. New York: Taylor & Francis.

Dunlosky, J., Hertzog, C., Kennedy, M., & Thiede, K.
(2005). The self-monitoring approach for effective
learning. Cognitive Technology, 9, 4—11.



Dunlosky, J., & Lipko, A. (2007). Metacomprehension: A
brief history and how to improve its accuracy. Current
Directions in Psychological Science, 16,228-232.

Goldman, S. (2003). Learning in complex domains: When
and why do multiple representations help? Learning and
Instruction, 13,239-244.

Graesser, A. C., Chipman, P., Haynes, B. C., & Olney, A.
(2005). AutoTutor: An intelligent tutoring system with
mixed-initiative dialogue. [EEE Transactions in
Education, 48, 612—618.

Graesser, A. C., Hu, X., & McNamara, D. (2005).
Computerized learning environments that incorporate
research in discourse psychology, cognitive science, and
computational linguistics. In A. Healy (Ed.),
Experimental cognitive psychology and its applications
(pp. 183—-194). Washington, DC: American Psychological
Association.

Jacobson, M. (2008). A design framework for educational
hypermedia systems: Theory, research, and learning
emerging scientific conceptual perspectives. Educational
Technology Research & Development, 56, 5-28.

Koedinger, K., & Corbett, A. (2006). Cognitive tutors:
Technology bringing learning sciences to the classroom.
In R. K. Sawyer (Ed.), The Cambridge handbook of the
learning sciences (pp. 61-77). New York: Cambridge
University Press.

Kozma, R. (2003). The material features of multiple
representations and their cognitive and social affordances

for science understanding. Learning and Instruction,
13(2), 205-226.

Lajoie, S. P. (Ed.). (2000). Computers as cognitive tools
1I: No more walls: Theory change, paradigm shifis and
their influence on the use of computers for instructional
purposes. Mahwah, NJ: Erlbaum.

Lajoie, S. P., & Azevedo, R. (2006). Teaching and
learning in technology-rich environments. In P. Alexander
& P. Winne (Eds.), Handbook of educational psychology
(2™ ed.) (pp. 803—821). Mahwah, NJ: Erlbaum.

Lockl, K., & Schneider, W. (2002). Developmental trends
in children’s feeling-of-knowing judgments. International
Journal of Behavioral Development, 26, 327-333.

Mayer, R. E. (2005). Cognitive theory of multimedia
learning. In R. E. Mayer (Ed.), The Cambridge handbook
of multimedia learning (pp. 31-48). New York:
Cambridge University Press.

12

Newman, R. S. (2002). What do I need to do to succeed...
When I don’t understand what I’m doing!?: Developmental
influences on students’ adaptive help seeking. In A.

Wigfield & J. Eccles (Eds.). Development of achievement
motivation. (pp. 285-306). San Diego, CA: Academic
Press.

Niederhauser, D. (2008). Educational hypertext. In M.
Spector, D. Merrill, J. van Merriénboer, & M. Driscoll
(Eds.), Handbook of research on educational
communications and technology (pp. 199-209). New York:
Taylor & Francis.

Pashler, H., Bain, P., Bottge, B., Graesser, A., Koedinger,
K., McDaniel, M., & Metcalfe, J. (2007). Organizing
Instruction and Study to Improve Student Learning
(NCER 2007-2004). Washington, DC: National Center
for Education Research, Institute of Education Sciences,
U.S. Department of Education. Retrieved from
http://ncer.ed.gov. on September 10, 2008.

Pintrich, P., Wolters, C., & Baxter, G. (2000). Assessing
metacognition and self-regulated learning. In G. Schraw
& J. Impara (Eds.), Issues in the measurement of
metacognition (pp. 43-97). University of Nebraska-
Lincoln.

Pintrich, P., & Zusho, A. (2002). The development of
academic self-regulation: The role of cognitive and
motivational factors. In A. Wigfield & J. S. Eccles (Eds.),
Development of achievement motivation (pp. 249-284).
San Diego, CA: Academic Press.

Pressley, M. (2000). Development of grounded theories of
complex cognitive processing: Exhaustive within- and
between study analyses of think-aloud data. In G. Schraw
& J. Impara (Eds.), Issues in the measurement of
metacognition (pp. 261-296). Lincoln, NE: University of
Nebraska-Lincoln.

Pressley, M., & Hilden, K. (2006). Cognitive strategies.
In D. Kuhn & R. S. Siegler (Eds.), Handbook of child
psychology: Volume 2: Cognition, perception, and
language (6" ed., pp. 511-556). Hoboken, NJ: Wiley.

Roll, I, Aleven, V., McLaren, B., & Koedinger, K.
(2007). Designing for metacognition—Applying
cognitive tutor principles to metacognitive tutoring.
Metacognition and Learning, 2(2-3), 125-140

Rus, V., Lintean, M., & Azevedo, R. (2009). Automatic
detection of student models during prior knowledge
activation with MetaTutor. Paper submitted for
presentation at the Biennial Meeting on Artificial
Intelligence and Education, Brighton, U.K.



Schneider, W., & Lockl, K. (2002). The developmental of
metacognitive knowledge in children and adolescents. In
T. J. Perfect & L. B. Schwartz (Eds.), Applied
metacognition (pp. 224-257). Cambridge, UK:
Cambridge University Press.

Schneider, W., & Lockl, K. (2008). Procedural
metacognition in children: Evidence for developmental
trends. In J. Dunlosky & R. Bjork (Eds.), Handbook of
metamemory and memory (pp. 391-409). New York:
Taylor & Francis.

Schnotz, W. (2005). An integrated model of text and
picture comprehension. In R. E. Mayer (Ed.), The
Cambridge handbook of multimedia learning (pp. 49-69).
New York: Cambridge University Press.

Schraw, G. (2006). Knowledge: Structures and processes.
In P. Alexander & P. Winne (Eds.), Handbook of
educational psychology (pp. 245-263). Mahwah, NJ:
Erlbaum.

Schunk, D., & Zimmerman, B. (2006). Competence and
control beliefs: Distinguishing the means and ends. In P.
Alexander & P. Winne (Eds.), Handbook of educational
psychology (2™ ed.). Mahwah, NJ: Erlbaum.

Schunk, D., & Zimmerman, B. (2008). Motivation and
self-regulated learning: Theory, research, and
applications. Mahwah, NJ: Erlbaum.

Seufert, T. & Briinken, R. (2006). Cognitive load and the
format of instructional aids for coherence formation.
Applied Cognitive Psychology, 20, 321-331.

Shapiro, A. (2008). Hypermedia design as learner
scaffolding. Educational Technology Research and
Development, 56(1), 29—44.

Shute, V. J., & Zapata-Rivera, D. (2008). Adaptive
technologies. In J. M. Spector, D. Merrill, J. van
Merriénboer, & M. Driscoll (Eds.), Handbook of
Research on Educational Communications and
Technology (3rd Edition) (pp. 277-294). New York, NY:
Lawrence Erlbaum Associates, Taylor & Francis Group.

VanLehn, K., Graesser, A. C., Jackson, G. T., Jordan, P.,
Olney, A., & Rose, C. P. (2007). When are tutorial
dialogues more effective than reading? Cognitive Science,
31(1), 3-62.

Van Meter, P., & Garner, J. (2005). The promise and
practice of learner-generated drawing: Literature review
and synthesis. Educational Psychology Review, 17(4),
285-325.

13

Veenman, M. (2007). The assessment and instruction of
self-regulation in computer-based environments: A
discussion. Metacognition and Learning, 2, 177-183.

Veenman, M., Van Hout-Wolters, B., & Afflerbach, P.
(2006). Metacognition and learning: Conceptual and
methodological considerations. Metacognition and
Learning, 1, 3—14.

Winne, P. H. (2001). Self-regulated learning viewed from
models of information processing. In B. Zimmerman &
D. Schunk (Eds.), Self-regulated learning and academic
achievement: Theoretical perspectives (pp. 153—189).
Mahwah, NJ: Erlbaum.

Winne, P. (2005). Key issues on modeling and applying
research on self-regulated learning. Applied Psychology:
An International Review, 54(2), 232-238.

Winne, P., & Hadwin, A. (2008). The weave of
motivation and self-regulated learning. In D. Schunk & B.
Zimmerman (Eds.), Motivation and self-regulated
learning: Theory, research, and applications (pp. 297—
314). Mahwah, NJ: Erlbaum.

Winne, P. H., & Nesbit, J. C. (in press). Supporting self-
regulated learning with cognitive tools. In D. J. Hacker, J.
Dunlosky, & A. C. Graesser (Eds.), Handbook of
metacognition in education. Mahwah, NJ: Erlbaum.

Witherspoon, A., Azevedo, R., & D’Mello, S. (2008). The
dynamics of self-regulatory processes within self- and
externally-regulated learning episodes. In B. Woolf,

E. Aimeur, R. Nkambou, & S. Lajoie (Eds.), Proceedings
of the International Conference on Intelligent Tutoring
Systems: Lecture Notes in Computer Science (LNCS
5091) (pp. 260-269). Berlin: Springer.

Woolf, B. (2009). Building intelligent interactive tutors:
Student-centered strategies for revolutionizing e-learning.
Amsterdam: Elsevier.

Zimmerman, B. (2006). Development and adaptation of
expertise: The role of self-regulatory processes and
beliefs. In K. Ericsson, N. Charness, P. Feltovich, & R.
Hoffman (Eds.), The Cambridge handbook of expertise
and expert performance (pp. 705-722). New York:
Cambridge University Press.

Zimmerman, B. (2008). Investigating self-regulation and
motivation: Historical background, methodological
developments, and future prospects. American
Educational Research Journal, 45(1), 166—183.





