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1. ABSTRACT

Intelligent tutoring systems have been developed to help students
learn independently. However, students who are poor self-
regulated learners often struggle to use these systems because they
lack the skills necessary to learn independently. The field of
psychology has extensively studied self-regulated learning and
can provide strategies to improve learning, however few of these
include the use of technology. The present proposal reviews three
elements of self-regulated learning (motivational beliefs, help-
seeking behavior, and meta-cognitive self-monitoring) that are
essential to intelligent tutoring systems. Future research is
suggested, which address each element in order to develop self-
regulated learning strategies in students while they are engaged in
learning mathematics within an intelligent tutoring system.
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Intelligent tutoring systems (ITS) are designed to provide
independent learning opportunities for students. Learning occurs
through hints, tutoring, scaffolding and correctness feedback. A
great body of research exists surrounding types and timing of
feedback [6] and tutoring that have been found to improve student
outcomes. As a classroom teacher | have used several different
ITS with students to help them learn mathematics. Over the years,
I have seen many students benefit from these systems. However, |
have also witnessed students struggling to use the systems and
who fail to learn, despite all of the assistance provided.
Addressing this failure serves as the basis of my dissertation. For
an ITS to achieve maximum results, the students using the system
must be good self-regulated learners. My proposed research
attempts to use an ITS to develop self-regulating strategies, while
students are learning the desired content.

Zimmerman and Campillo [12], suggest that self-regulated
learning is a three-phase process. During the Forethought Phase,
students engage in a task analysis, which includes goal setting and
strategic planning. Self-motivational beliefs, including self-
efficacy [11, 4] outcome expectations, task value/interest [10],
and goal orientation also play a significant role in this phase as
they have been found to positively affect student learning. During
the Performance Phase, students demonstrate self-control by
employing various task strategies and help-seeking behaviors.
Self-observation, which includes meta-cognitive self-monitoring,
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is also crucial. During the final phase, Self-Reflection, students
engage in self-judgment and self-reaction.

2. PROPOSED SOLUTION

To help develop self-regulated learners, these components must
be explicitly taught. However, some aspects are seemingly more
relevant than others when interacting with an ITS. Specifically
motivational beliefs, help-seeking behavior, and meta-cognitive
self-monitoring can all be addressed within the structures of
intelligent tutoring systems. The following sections discuss each
of these components by presenting relevant literature, sharing
results of my previously published studies, and proposing future
research components of my dissertation.

2.1 Motivational Beliefs

One aspect of the first phase of self-regulated learning is
motivation. Students who are strong self-regulated learners have
high self-efficacy. Schunk [11] defines self-efficacy as “an
individual’s judgment of his or her capabilities to perform given
actions.” A student’s belief that they are capable of learning can
be influenced by a growth mindset [4]. Some of my earlier
research, using teacher-created motivational videos, attempted to
create a growth mindset in students while they were completing
math homework inside of an intelligent tutoring system [7]. While
the minimal intervention failed to show changes in student self-
reports of mindset, there was a significant increase in the
perception of task value and homework completion rates as a
result of a video inspired by [10]. In addition to improving self-
efficacy, increasing task value/interest is important to developing
self-regulated learners. The protocol employed in my initial study
is promising and a more sophisticated intervention will be
explored to further increase motivation.

2.2 Help Seeking Behaviors

Intelligent tutoring systems provide many different structures to
support student learning. One such structure that | have explored
is correctness-only feedback. | found that this simple support
provided by an ITS during a homework assignment was found to
improve student learning significantly compared to traditional
paper and pencil homework that did not provide immediate
feedback [8]. Yet research has shown that many students do not
effectively take advantage of these features. Aleven et al. [1]
explores ineffective help use in interactive learning environments
and suggests that there are system-related factors, student-related
factors and interactions between these factors that impact help-
seeking behaviors. In one of my recent studies, | found that there
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are students who, despite access to the same instructional
supports, do not successfully take advantage of them and therefore
do not learn [9]. This has resulted in a phenomenon called wheel
spinning [3], where students persist without making progress
towards learning. | hypothesize that wheel spinning is a result of
ineffective help-seeking behaviors. Therefore, | propose a study
that would provide direct interventions to teach students the
necessary help-seeking behaviors to become self-regulated
learners.

2.3 Meta-Cognitive Self-Monitoring

Elements of meta-cognition, are evident in all three phases of
self-regulated learning. For example, goal setting is prominent in
phase one. Other elements, like self-monitoring, are evident in
multiple phases. Self-monitoring involves students becoming
aware of their performance and judging their knowledge. This is
sometimes referred to as metacognitive knowledge monitoring
[5]. In phase two, while students are participating in a learning
task, they must monitor what they are learning. Students who are
strong self-regulated learners will seek feedback to easily monitor
their progress. | surveyed my students to better understand their
perception of feedback. High performing students claimed that the
immediate feedback provided by an ITS caused frustration, but
was also beneficial to their learning [8]. They were able to
identify their mistakes and learn from them. To help all students
recognize the importance of monitoring their learning, | propose a
study where students are provided feedback along with progress
monitoring to show the benefits.

Self-monitoring continues into the third phase of self-
regulated learning. During this reflection stage, students assess
their success or failure. Strong self-regulated learners may
challenge themselves in some way to confirm their success. A
willingness to seek out challenges ties back into the growth
mindset that is addressed in phase one. Students who believe that
intelligence is fixed will often shy away from challenges for fear
of failure, whereas students with a growth mindset view
challenges as opportunities to learn more [4]. Therefore, to
encourage all students to seek out challenges as a method to self-
monitor, | propose a study where growth mindset messages are
embedded in ITS and opportunities for students to choose
challenging problems are provided.

3. CONTRIBUTION

Intelligent tutoring systems rely on independent learning practices
to effectively teach students. For example, students must use
available hints and tutoring to navigate new material. However
not all students successfully learn when using an ITS. Some early
research suggests that these students are those who struggle with
self-regulated learning. The field of psychology has studied self-
regulated learning for more than a decade, resulting in many ideas
that can improve instruction. Some ITS have incorporated features
to help students who lack self-regulated learning strategies, like
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automatically detecting when a student is frustrated [2] and
providing additional assistance when a student is failing.
However, little research has explored how technology can actually
promote self-regulated learning. By integrating the capabilities of
intelligent tutoring systems with the vast knowledge of self-
regulated learning, the proposed research seeks to teach students
how learn effectively. By addressing specific aspects of self-
regulated learning, ITS can actually teach students how to learn
while teaching them content.

This paper is part of my dissertation proposal and is being
submitted as a doctoral consortium paper to the Artificial
Intelligence In Education Conference (2015) and the Educational
Data Mining Conference (2015).
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