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Abstract

Self-regulated learners are aware of their knowledge and skills and proactive in learning. They view learning
as a controllable process and accept more responsibility for the results of this process. The research
described in this article proposes, implements, and evaluates an ePortfolio-based self-regulated learning
model. An ePortfolio system was developed based on self-regulated learning theories. This ePortfolio
system was used in designing a learning model for fostering self-regulated learning in higher education.
Two surveys were conducted with the Motivated Strategies for Learning Questionnaire at the beginning
and at the end of the courses. The differences in Motivated Strategies for Learning Questionnaire scales
between pre-test and post-test, or control group and experimental group were evaluated. The trace data of
learning activity were also analyzed to evaluate the effects of the learning model on students’ self-regulated
learning. The results show that students implemented self-regulated learning processes, and their intrinsic
goal orientation, metacognitive self-regulation, effort regulation, elaboration, rehearsal, and critical thinking
improved after applying ePortfolio-based learning model in the courses. In conclusion, the ePortfolio system
and the proposed learning model had positive effects on students’ self-regulated learning skills.
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Self-regulated learning

From the process perspective, self-regulation is a self-directive process in which students convert
their mental abilities to academic skills, and learning is a proactive process in which students actively
participate with major responsibility and motivation (Zimmerman, 2002). The structure and function
of self-regulatory processes are expressed in terms of three cyclical phases: forethought, perfor-
mance, and self-reflection. In terms of learners’ characteristics, self-regulated learners are aware
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2 Active Learning in Higher Education

when they know a fact or possess a skill, and they use metacognitive, motivational, and behavioral
strategies to achieve their goals (Zimmerman, 1990). Thus, self-regulated learners should have some
skills, such as setting goals, planning strategies, monitoring performance, changing the context, man-
aging time, evaluating methods, attributing causation results, and adapting future methods
(Zimmerman, 2002). An integrated model was constructed which consists of four phases of self-
regulated learning—task definition and planning, monitoring, control, and reaction and reflection—
and four areas for regulation—cognition, motivation, behavior, and context (Pintrich, 2004).

Research shows that self-regulated learning has positive effects on learners’ success in and
beyond school (Winne, 2005a; Zimmerman, 2002). Indeed, self-regulated learning skills are widely
recognized as key factors in academic success at university (Warburton and Volet, 2012). Self-
regulated learners tend to have high motivation and confidence for learning and to use productive
problem-solving skills. Those characteristics lead to relevant behavior and also a high level of
achievement (Perry and Winne, 2013). In addition, the research revealed students’ awareness of
how their approach to study affected the quality of their learning (Warburton and Volet, 2012). The
use of metacognitive learning strategies and motivation for learning increases in learning environ-
ments with self-regulated learning opportunities (Vrieling et al., 2012). These points explain why
self-regulated learning affects students’ achievements. Self-regulated learning may be taught or
fostered (Winne, 2005a; Zimmerman, 2002). Self-regulated learning emerges from two essential
sources: social and self-directed experiences (Zimmerman, 1998). The “self” in self-regulated
learning implies that the learner regulates learning; however, self-regulation does not mean solo
(Perry and Winne, 2013). Learners’ development of self-regulated learning depends on support
from others, for example, teachers or peers.

In order to teach and promote self-regulated learning, a number of instructional models were
developed, as summarized in Zimmerman (1998). These models share not only a core set of social
and self-directed experiences, such as modeling, strategy training, verbal tuition, and academic
practice, but also the view of self-regulated learning processes that involve forethought, perfor-
mance, and self-reflection phases. In summary, self-regulated learning research explains how self-
regulated learners are successful in and beyond school. Self-regulated learning can be taught and
fostered. It is necessary to support instructors to provide self-regulated learning practices and scaf-
fold learners in order to develop their self-regulated learning skills.

Fostering self-regulated learning

Learning depends on an interaction among external environmental factors and the students’ knowl-
edge and skills, as well as interactions among students and between students and the instructor.
Therefore, different learning environments may support different outcomes related to self-
regulated learning (Stefanou et al., 2013). Therefore, students need significant support to regulate
their learning and make self-regulated learning productive (Winne, 2005a, 2010). Self-regulated
learning skills may be fostered by technology-enhanced learning environments (Bartolomé and
Steffens, 2011; Devolder et al., 2012; Steffens, 2001). Scaffolding is not just interactions between
humans; such interactions have been extended to include the use of technological tools, resources,
and environments. More specifically, computer-based learning environments can be used as self-
regulatory tools to enhance learning (Zimmerman and Tsikalas, 2005). The self-regulatory pro-
cesses in three phases of self-regulated learning models (forethought, performance, and
self-reflection) were examined if and how they can be supported by computer-based learning envi-
ronments (Zimmerman and Tsikalas, 2005). For example, a process visualization tool can enhance
task analysis, computer-based learning environment feedback can support learners in focusing and
monitoring, or self-evaluation tools assist learners in evaluating the quality of their work.
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Online measures of self-regulated learning are described with computer traces (Zimmerman,
2008) with the support of the computers; these online measures show how learners become masters
in learning. From this perspective, computer-based environments show potential for fostering to
the uses of self-regulated learning. For more examples of computer-supported self-regulated learn-
ing, a system to support the recording of activity data and then enhance self-regulated learning
measuring was introduced (Perry and Winne, 2006). In addition, there were some tools to support
the collaborative and socio-cognitive aspect of self-regulated learning (Hadwin et al., 2010;
Holocher-Ertl et al., 2011).

In a publication about the key issues in modeling and applying research on self-regulated learn-
ing, Winne (2005b) argued that we have lacked tools for gathering data about the events that con-
stitute self-regulation. These data and tools are very important for evaluating and modeling
self-regulated learning. In addition, it is argued that a key to developing self-regulated learners is
linking the processes through the forethought, performance, and self-reflect phases (Zimmerman
and Tsikalas, 2005). Thus, computer-based learning environments that support self-regulatory pro-
cesses in all three phases are more likely to support self-regulated learning better. However, the
literature does not report any model or tool that can fully handle these issues.

A relevant environment for fostering self-regulated learning is ePortfolio. “An ePortfolio is a
purposeful aggregation of digital items—ideas, evidence, reflections, feedback, etc., which pre-
sents a selected audience with evidence of a person’s learning and/or ability” (JISC, 2008). In
addition, ePortfolios are argued to be technology-enhanced learning environments that have the
potential to foster self-regulated learning (Bartolomé and Steffens, 2011), and educators believe
that ePortfolios allow learners to think critically and become active, independent, and self-
regulated learners (Abrami et al., 2008).

ePortfolio for self-regulated learning

A portfolio is defined as a purposeful collection of student work that demonstrates the students’
efforts, progress, improvement, and achievements (Barrett, 1998; Paulson et al., 1991). From the
definitions of portfolios, an ePortfolio is defined by JISC (2008) as the product, created by the
learner, a collection of digital artifacts articulating experiences, achievements, and learning.
The literature shows that ePortfolios, competency, and self-regulated learning are related to each
other. For example, competency measuring affects self-regulated learning (Voorhees, 2001;
Zimmerman, 2002, 2008), ePortfolios improve competency measuring (Gadbury-Amyot et al.,
2003; Rao et al., 2012), and ePortfolios provide a relevant environment for practicing self-
regulated learning skills (Abrami et al., 2008; Hadwin et al., 2010; Perry and Winne, 2013; Ryan
and Ryan, 2012). Thus, ePortfolios improve competency measuring, demonstrating that both
ePortfolios and competency measuring can foster self-regulated learning. This assumption leads to
the idea of fostering self-regulated learning by embedding the above components into a unified
environment. Next, we discuss more details of the relationships among ePortfolios, competency
measuring, and self-regulated learning.

Competency measuring dffects self-regulated learning

In general, competencies are knowledge and skills that are needed for a person to perform an activ-
ity well. In learning, competencies are learning outcomes and prerequisite knowledge and skills for
learning (Voorhees, 2001). In order to learn well, learners should have acquired the applicable
knowledge and skills. Thus, competency evaluation plays an important role in learning, especially
in self-regulated learning. Competency evaluation is more critical because learners are required to
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evaluate their competencies, achieved learning outcomes, and performance in order to regulate
their learning in the future (Zimmerman, 2002). From the integrated model of self-regulated learn-
ing (Pintrich, 2004), we can see the role of competency evaluation in self-regulated learning
phases. In the forethought phase, competency evaluation skill allows learners to set goals, judge
efficacy, or plan time and effort more effectively based on the current status of their competencies.
In the monitoring and control phases, this skill helps learners realize which competencies they have
achieved or the levels of competencies that are outcomes of current learning activities. In other
words, evaluating competency enhances awareness of cognition, motivation, behavior, and con-
text. It also supports learners in selecting and changing learning strategies. Especially, in the reflec-
tion phase, learners have to evaluate their cognition and tasks, and these activities relate to
competency evaluation directly. It is claimed that students need significant support to regulate their
learning and make self-regulated learning productive (Winne, 2005a, 2010). In order to support
learners well, external agents should have the ability to evaluate learners’ competencies or perfor-
mances. From this perspective, competency evaluation also affects learners’ self-regulated learn-
ing by enhancing the ability of supporters.

ePortfolios improve competency measuring

An cePortfolio is a collection of digital artifacts which show the experiences or abilities of the
author (JISC, 2008). In education, ePortfolios are used to support teaching and learning. They not
only store achievements but also show the processes of reaching those achievements (Rao et al.,
2012). ePortfolios are used to document competencies and examine how students reflected on their
competency development process (Zawacki-Richter and Hanft, 2011). ePortfolios contain evi-
dence of competencies, which are achieved during learning. Evidence includes artifacts that were
created as output of learning activities. Evidence also involves processes that show how learners
achieved the competencies. An ePortfolio is a tool which can store, visualize evidence, and provide
features for evaluation operations. In addition, the ePortfolio contains models that represent the
principles of competency models and explain how to evaluate competency in a reasonable way.
From these perspectives, ePortfolios help learners and external evaluators to better understand
competency and improve their ability to evaluate it.

ePortfolios foster self-regulated learning

ePortfolio systems are relevant environments for reflection and collaboration between students
and peers, or students and teachers (Ryan and Ryan, 2012). These advantages allow learners to
use ePortfolio systems as a platform for practicing self-regulated learning processes through the
self-regulated learning phases. This is very important in fostering self-regulated learning (Hadwin
et al., 2010; Perry and Winne, 2013). With the ability to trace learning processes, ePortfolio sys-
tems enable learners to monitor their learning. ePortfolio systems are platforms for reflection
because learners can review, evaluate their performances by observing what the ePortfolio sys-
tems captured, and then make changes in learning strategies to reach their goals. In general, this
method of learning aligns with the theory of self-regulated learning. Reflection and evaluation
play important roles in self-regulated learning because self-regulation is based on self-reflection
and self-evaluation (Zimmerman, 2002). Other features of ePortfolios are representation and
cooperation (JISC, 2008)—Ilearners can show their results to others and cooperate with others in
ePortfolio systems. These advantages can promote the intrinsic motivation of learners, which is
an important factor in self-regulated learning (Pintrich, 2004; Zimmerman, 2002).
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In summary, competency is a component of an ePortfolio, and ePortfolio systems are potential
platforms for competency assessment. Evaluating competency is a central activity in self-regulated
learning as it affects self-regulated learning processes and results directly. Reflection and motiva-
tion are two of the factors that link ePortfolios and self-regulated learning together. Considering
these points of view, the use of ePortfolio systems is assumed to foster competency evaluation,
reflection, and then self-regulated learning.

There are some issues concerning ePortfolios for self-regulated learning. The research in this
field was based on the traditional structure of ePortfolios, which were unable to implement self-
regulated learning processes. Currently, no ePortfolio models for self-regulated learning are avail-
able. Past research has focused on the presentation layer of ePortfolios to explain their abilities.
Thus, research that takes self-regulated learning models into consideration when developing ePort-
folio systems is unavailable. Consequently, there is an absence of explicit ePortfolio models for
self-regulated learning. The literature also does not explore the relations among ePortfolios, com-
petency, and self-regulated learning explicitly. Therefore, examination of various combinations of
these components is necessary in order to improve our understanding of the relations. In addition,
there is a lack of reports about the impacts of such ePortfolio models on self-regulated learning.
More knowledge about whether or how ePortfolio systems affect student self-regulated learning is
needed.

The goals of this study are to present a systematic analysis of the relationships among ePort-
folios, competency, and self-regulated learning; propose an ePortfolio-based learning model;
and examine the effects of self-regulated learning-based ePortfolio systems on students’ self-
regulated learning. It is argued that the integration of ePortfolios, competency models, and self-
regulated learning into a unified platform can promote the synergic relations among them and
foster self-regulated learning. In addition, it is argued that ePortfolio systems based on the pro-
posed integrated model positively affect the regulation areas and processes of the self-regulated
learning model described in Pintrich (2004). The research questions that guide this study are as
follows: (1) Does the proposed model foster self-regulated learning? (2) Does the model affect
students’ motivation and learning strategies? and (3) If so, which areas are affected and how does
the learning model impact student learning?

Research method

ePortfolio-based learning model

Based on the above analyses and self-regulated learning models, an ePortfolio system was devel-
oped. The focus was on improving ePortfolios’ capacity for measuring competencies, capturing
and sharing self-regulated learning principles, and practicing self-regulated learning processes.
The system helps instructors to design programs, create program plans, observe learning activities,
evaluate learning outcomes, give feedback, and hold discussions with students. A program in the
ePortfolio system is an academic program (e.g. Bachelor of Computer Science) or a course in a
program (e.g. Data Structures and Algorithms (DSA)). Students can use the system to create learn-
ing plans, manage artifacts, monitor learning processes, evaluate task progresses and learning out-
comes, and reflect on feedback and results. The system is a platform for interactions between
students and instructor and among students.

The ePortfolio system is used to design learning. ePortfolio-based learning is integrated into
courses and is used as a supplement that supports formal class activities in order to foster students’
self-regulated learning skills. The uses of the ePortfolio system are as follows. Instructors use the
ePortfolio system to design programs (courses). Program activities and competencies are added in
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hierarchical structures. Next, for each activity, its prerequisite competencies and outcome compe-
tencies are specified. Then, instructors create a program plan that consists of stages, activities in
these stages, and resources for these activities. These components of a program are created based
on a course outline and can be shared or reused among instructors.

Students who take a course will join a corresponding program in the ePortfolio system as well.
Students are asked to create their personal plans based on the program plan, their goal, and their
personal conditions. Personal plans and program plans have the same structures; however, program
plans contain activity types of subjects, while personal plans involve particular activities of stu-
dents, which are instances of the activity types in the program plans. From their personal plans,
students can observe the structure, time period, and progress of activities. Students can select an
activity in the plans to refer to other related elements such as resources, output artifacts, prerequi-
site competencies, and goal competencies. In plan forms, students also can participate in program
discussion with all students and instructors of the course.

An evaluation form for an activity is used by students and instructors. This form appears
after evaluators select a student and an activity in the plan. The first part of this form contains
information about the time period, time passed, and progress of the activity. The second part
lists all artifacts that are the outputs of the current activity. The goal competencies of the activ-
ity are shown in the next part, in which evaluators can check evidence and update the levels of
competencies. The last part contains the discussions that are related to the activity type of the
selected activity.

Data collection and analysis

The first experiments were conducted at Hoa Sen University, Vietnam. The ePortfolio system was
used in two courses: DSA and Software Development Processes and Tools (SDPT). The DSA class
had 48 first-year students, who were split into two groups (for computer lab room section); ran-
domly one group was selected, and in the selected group, voluntary students were called to use the
ePortfolio system for learning. In the SDPT class, all 18 fourth-year students were recommended
to use the ePortfolio system for this course. The students used the ePortfolio system for learning
for 8 weeks.

Self-report

To measure self-regulated learning, a self-reporting method with the Motivated Strategies for
Learning Questionnaire (MSLQ; Pintrich et al., 1991) was used. MSLQ allows us to measure dif-
ferent motivational components and the use of learning strategies in a given course. The underlying
assumption in this method is that self-regulation is an aptitude that students possess. The MSLQ
consists of six motivational and nine learning strategies subscales. The six motivation subscales
measure intrinsic goal orientation, extrinsic goal orientation, task value, control of learning beliefs,
self-efficacy, and test anxiety. The nine learning strategy subscales measure rehearsal, elaboration,
organization, critical thinking, metacognitive self-regulation, effort regulation, peer learning, and
help seeking. The MSLQ consists of 81 questions, which the students rated using a Likert scale
from 1 “not at all true of me” to 7 “very true of me.”

MSLQ surveys were conducted in DSA and SDPT classes in the first and the last weeks of the
semester. All students were told before the survey that their participation was voluntary and not
related in any way to their grades in the course. With self-report scores, to examine how the ePort-
folio system affected students’ learning, the mean differences between groups were evaluated
using two-tailed t-test with p-values <0.05 considered significant (Cheang, 2009).
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For the first study in SDPT class, the mean scores of each scale in MSLQ of all 18 students
before and after using the ePortfolio system were compared using paired t-test. For the second
study in DSA class, three kinds of comparisons were conducted to evaluate the effects of the ePort-
folio system: the differences between the control group and the experimental group at the end of
semester using post-test results, the differences between pre-test and post-test in both groups, and
the differences between the control and the experimental group’s change.

A controlled experiment is an experiment setup designed to test hypotheses. It has one or more
conditions and measures (Kirk, 2013). In this context, the hypothesis is that the motivated strategies
for learning scores will differ between students who use the ePortfolio system for learning and students
who do not use ePortfolios. In other words, the use of ePortfolios affects MSLQ scores. In addition, the
use of the ePortfolio system is the condition (or independent variable), and MSLQ scores are measures
(dependent variables). The study compares the MSLQ scores of students under two conditions: learn-
ing with and without ePortfolios. The study does not measure and compare learning or the effects of
ePortfolios directly but measures only MSLQ scores instead. Therefore, it is reasonable to conclude
that the results of the control and experimental groups can be validly compared.

Trace data

A trace method was used for measuring and exploring students’ self-regulated learning skills using
the ePortfolio system. In previous studies (Hadwin et al., 2007; Perry and Winne, 2006; Zimmerman,
2008), the authors argued the benefits of using trace methodology to examine the dynamic perspec-
tive of self-regulated learning. The most common type of data collected are computer logs, which
can record students’ learning activity in a computer-based learning environment.

Currently, the ePortfolio system can log nine primary types of activities:

Create plan: When students join a program and create a personal plan;

Update Plan: When students add and change stages or types of activity in a plan;

Create artifact: When students add artifacts;

Update artifact: When students change information of existing artifacts;

Evaluate activity: When students set and update progress;

Evaluate competency: When students set and update level of competency;

Set competency evidence: When students set output of activity when create/update artifacts;
Discuss learning: When students post and respond to discussions;

Review feedback: When students read discussions, view evaluations, and view plans.

Logged data are saved as XML files. The log file was analyzed to examine the frequency and
sequence of learning activities. Time-based analysis was used to evaluate the changes in learning
over time. Log data can show how students interact via the ePortfolio system, for example, the
sequence in which activities are usually carried out. By employing this analysis, students’ self-
regulated learning was understood, and the patterns of activity with the ePortfolio system were
identified. In addition, analysis of these patterns allowed inferences to be made as to how students’
engagement in self-regulated learning could be improved, and their learning fostered.

Results

Self-report data

In the SDPT class, 18 responses were collected for both pre- and post-tests. In the DSA class, 27
responses for the pre-test and 39 responses for the post-test were received. After the post-test,
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based on the logged data, a control group with 25 students and an experimental group with 14
students were determined. The students who did not use the ePortfolio system comprised the con-
trol group. In the control group, 13 students responded to both pre- and post-tests, while experi-
mental group had 10 students who responded to both tests. All “reversed” items in MSLQ were
reversed before scores were computed. In the study with the SDPT course, all 18 students used the
ePortfolio system. In order to evaluate the effects of the ePortfolio system on motivation and learn-
ing strategy subscales, a paired two-tailed t-test was used to examine the differences between
pre-test and post-test.

The effects of the ePortfolio system on students’ motivation and use of learning strategies are
now summarized. Data described in this and the remaining parts of the results section can be
obtained from the authors. Positive effects were reported in 13 scales. The data show that the use
of the ePortfolio system might contribute to significant improvements in some scales, such as
metacognitive self-regulation (p = 0.001), critical thinking (p = 0.002), elaboration (p = 0.004), and
rehearsal (p = 0.028). These scales relate directly to self-regulated learning (Pintrich, 2004); hence,
it is reasonable to argue that the system implemented had positive effects on students’ self-
regulated learning skills. Although not statistically significant, improvement was seen in task value
(p =0.057) and intrinsic goal orientation (p = 0.069). Two scales show negative effects, but neither
are significant (help seeking, p = 0.452; time/study environment management, p = 0.872). Overall,
MSLQ scores indicate that the system affected students’ learning in a positive manner. Therefore,
the ePortfolio system promoted students’ motivation and learning strategies.

In the study with the DSA course, first, the means of scales of post-tests in two groups were
compared using unpaired two-tailed t-test. The results show that the experimental group is domi-
nant in all scales (control mean < experimental mean, except test anxiety scale, but it means that
there is less worry in the experimental group). The experimental group’s scores are significantly
higher on some scales that relate to self-regulated learning, such as intrinsic goal orientation
(p <0.001), effort regulation (p = 0.002), self-efficacy for learning and performance (p = 0.012),
elaboration (p = 0.023), metacognitive self-regulation (p = 0.032), and task value (p = 0.036). In
addition, the differences in control of learning beliefs (p = 0.066), organization (p = 0.07), and
rehearsal (p = 0.095) were also considered. This comparison supports the results of the previous
study in the SDPT class.

For the second kind of evaluation, the degrees of change of two groups were compared using an
unpaired two-tailed t-test. Although not significant (t =—1.32; p = 0.198), the results show that the
experimental group is dominant on 11 scales. In addition, the experimental group has 5 scales in
negative change (post-score < pre-score), while the control group has 10 negative scales. Especially,
some scales had opposite changes: positive change in the experimental group, but a negative
change in the control group, such as metacognitive self-regulation, intrinsic goal orientation, task
value, and self-efficacy for learning and performance. The three biggest changes were elaboration
(experimental: 0.517), effort regulation (experimental: 0.65), and rehearsal (control: 0.75). This
comparison shows that the ePortfolio system improved the positive changes, while it limited the
negative changes in student learning.

The mean differences between pre-test and post-test scores for both groups were examined. A
paired two-tailed t-test for each group was conducted. The data show that the changes are not sig-
nificant in either group. For the control group, only the rehearsal scale demonstrated a significant
change (p = 0.041), while there was no significant change in the experimental group. However, the
change in the effort regulation scale of the experimental group (p = 0.095) should be noted. This
comparison is not consistent with the test in the SDPT class. This result suggests that the effects of
this learning model were course-dependent and subject to influence by the course’s contents or the
instructors’ intentions.
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Trace data

Trace data were stored in XML files, each element containing information about a performed activ-
ity, such as participants, time, which activity, and which course. A log analyzer was developed to
generate frequency counts and transition statistics. From this information, transition matrices and
transition graphs were created. In this report, only the trace data of the SDPT course were exam-
ined because all students in this class used the ePortfolio system.

Frequency of learning activity. Overall, the data indicate considerable variance in the number of
activities performed by each student (mean = 100.4, standard deviation (SD) = 68.3). Although all
types of activities were performed using the system, there were significant differences in the per-
centage of types. “Review feedback” (46%) and “evaluate activity” (24.4%) are the most frequent
activities. Data also show that students rarely discuss learning with other students via the system.
Discussion took 2.9%, and each student discusses 3.4 times on average. The data suggest that fur-
ther investigation of how the system encourages students to engage in self-regulated learning activ-
ities is needed in order to identify what should be improved in order to support students better.

Transition of learning activity. The overall sequences of activities were examined to highlight the pat-
terns of learning activity. Self-regulated learning strategies contain multiple activities. Thus, to
understand students’ self-regulated learning, the transitions among specific activities should be
considered. Transition matrices and transition graphs were used to represent the patterns of learn-
ing activity.

Results show that students performed 50/81 of possible transition types. “Create plan” is the
first activity; after that, students can update plan, create artifact, or review feedback. “Review
feedback™ and “evaluate activity” are not only the most frequent activities but also the most central
activities. “Review feedback” connects to the other seven activities and can be the end points of
transitions that begin with the other activities. “Evaluate activity” links to the other six activities in
both directions. This finding indicates that by using the system, “review feedback™ and “evaluate
activity” become the central tactics of learning strategies. Students usually review feedback (e.g.
observe discussions, evaluations, progress, and personal plan) and evaluate task progress before
and after doing other activities. This pattern of learning aligns with reflection-based learning and
supports self-regulated learning.

A transition graph is formed by nodes and directional lines; each node is represented by a type
of activity with its respective percentage. In general, the more the active learners, the more the
nodes and transitions in the transition graph. A graph can demonstrate the general trend of the
classes’ use of learning strategies in a particular period. Thus, by comparing the graphs, the changes
in learning trends over time can be examined. The transition graph shows that the students learned
quite actively because all nodes were connected to others with 50 patterns of transition. In addition,
the activities and transitions in the graph are the elements that create or relate to the self-regulated
learning processes (Pintrich, 2004; Zimmerman, 1998, 2002). Thus, students were engaged in self-
regulated learning with a variety of tactics.

Time-based analysis. The data were collected in three stages to check the change of activity distribu-
tions and transitions over time: the intervals were the first 3 weeks, the next 2 weeks, and the last
3 weeks. However, the second stage included a long holiday, and thus, this report focuses on the
first and the last stages. A chart represents the changes of activities. The chart shows that “evaluate
activity” percentage increased from 10.3% (stage 1) to 33.4% (stage 3), while “review feedback”
decreased from 64.8% (stage 1) to 33.7% (stage 3). Another significant change came from
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“evaluate competency,” which increased from 3.3% (stage 1) to 11.8% (stage 3). Those changes
indicate that students’ awareness of performance and achievement was improved. They evaluated
themselves more often and interacted with the system more actively beyond observation.

In addition, to examine the changes in transition patterns, two transition matrices of the first and
third stages were created. Overall, numbers of transition types over possible types are quite similar
(40/81 in stage 1 and 39/81 in stage 3). However, there were differences in patterns of transition
between two stages. All the students created their personal plans before stage 3, and the plans
seemed to be stable in stage 3. In stage 3, the students usually set evidence for competencies after
creating or updating an artifact (98.6% and 34.5% compared to 25% and 3.5% in stage 1). In addi-
tion, the students updated their artifacts after other activities less often than in stage 1. These find-
ings explained that the students understood more about the use of artifacts and created high-quality
artifacts in stage 3. The percentages of transitions that finished at “review feedback™ decreased,
whereas the number that finished at “evaluate activity” increased commensurately. The percentage
of transition from “review feedback™ to itself decreased (82.7% in stage 1 and 61.7% in stage 3),
while the transitions from it to “create artifact,” “evaluate activity,” and “evaluate competency”
increased. These findings are consistent with the analysis about the changes in frequency of activi-
ties, and they support the arguments for students’ improvement over time.

The changes in time-based analysis indicate that the use of the ePortfolio system for self-
regulated learning was improved. The students understood more about the system and learning
tactics, and they used the system for practicing self-regulated learning skills better over time. For
instance, the changes explained that the students not only reviewed the feedback, when the time of
use increased, but they also performed other types of activity, for example, self-evaluation.

In summary, the MSLQ scores show that there were significant differences between pre-test and
post-test scores, and between control and experimental groups. It is reasonable to infer the positive
effects of the ePortfolio-based learning model on student-motivated strategies for learning scales.
Consequently, the impact of the ePortfolio system on student self-regulated learning was recog-
nized based on the framework for self-regulated learning assessment employed (Pintrich, 2004). In
addition, the trace data show that the students implemented and linked the self-regulated learning
processes successfully in the ePortfolio environment. This is a key to developing self-regulated
learners (Zimmerman and Tsikalas, 2005). The trace data also indicate that student self-regulated
learning skills were improved over time using the ePortfolio-based learning model.

Conclusion

In this research, the relations among ePortfolios, competency, and self-regulated learning were
analyzed and synthesized. This knowledge played an important role in developing an ePortfolio
model for self-regulated learning. From this model, an ePortfolio system was implemented that can
handle the issues of fostering self-regulated learning, for example, self-regulated learning princi-
ples representation and sharing, or self-regulated learning processes implementation.

The model and implemented system help us to handle the main issues of fostering self-regulated
learning (Winne, 2005b; Zimmerman and Tsikalas, 2005). The results of this study suggest that the
combination of self-regulated learning, ePortfolios, and competency promotes self-regulated learn-
ing. This combination leads to a unified platform, in which students can practice all self-regulated
learning activities. In addition, these activities are logged for the assessment or modeling of self-
regulated learning.

The results indicate that the ePortfolio-based learning model positively affected students’ self-
regulated learning. The use of the self-regulated learning-based ePortfolio system contributed to
positive changes in students’ motivation and learning strategies. Indeed, the ePortfolio-based
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learning model affected the MSLQ scales, such as metacognitive self-regulation, critical thinking,
elaboration, rehearsal, intrinsic goal orientation, effort regulation, self-efficacy for learning and
performance, and task value. These scales are related directly to self-regulated learning and are
relevant for self-regulated learning assessment (Pintrich, 2004). More specifically, rehearsal, elab-
oration, critical thinking, and metacognitive self-regulation were used for cognition area; intrinsic
goal orientation, task value, and self-efficacy were used for motivation/affect area; and effort regu-
lation for behavior area of self-regulated learning. The findings explain that the use of ePortfolio
systems affects student self-regulated learning by fostering students’ motivation and supporting
students in performing and developing learning tactics and strategies.

The results also suggest that the effects of the ePortfolio system were course-dependent and
subject to influence by the course’s contents or the instructors’ intentions. Indeed, there was vari-
ance in the change of MSLQ scores and the frequency of learning activities of each student and
each course. The role of the teacher in this learning model is a critical factor. Instructors need to
pay attention to the use of the ePortfolio system to communicate, evaluate, and encourage students
over time in order to improve the efficiency of the learning model. However, logged data illustrate
that students followed self-regulated learning principles and implemented self-regulated learning
skills when using the ePortfolio system in the learning model. In addition, time-based analysis
shows that student engagement in self-regulated learning improved over time, indicating that stu-
dents need time to practice and develop their skills. Data show that students perform a single activ-
ity or simple/short sequence of activities (just review feedback) at the beginning but longer
processes at the end of the semester (review feedback, evaluate activity, set evidence, and evaluate
competency).

These findings contribute knowledge to ePortfolios and the field of self-regulated learning
research. More specifically, the results explain whether and how ePortfolio systems affect student
learning and what should be considered when we implement ePortfolio-based learning models.

There were some limitations in this research. The MSLQ surveys were conducted at the begin-
ning and end of the semester. Thus, the changes of students’ self-regulated learning may have been
due to the passage of time rather than the use of the ePortfolio system. There was no Vietnamese
version of MSLQ; a bilingual English/Vietnamese version was created and used in this research,
which may affect the reliability and validity of the surveys. Another weak point of MSLQ is that
although the MSLQ has the potential for assessing self-regulated learning, there is a lack of research
that uses MSLQ for this purpose. The number of courses and the small number of respondents were
other limitations. The experiments were conducted only with students in software engineering in a
unique context, that is, a Vietnamese university. In addition, the learning data of each participant
were not analyzed to define the changes in self-regulated learning skills. For future work, there is
a need to conduct more experiments with students from different disciplines and contexts. It is
necessary to design and implement evaluation with academic programs. Other types of analysis
need to be used to explore ways in which the system affects students’ learning and what needs to
change in order to improve the impact of the system on students’ learning, for example, individual
level analyses and artifact content-based analyses.

With the need of scaffolding self-regulated learning and the continuous growth of technology in
education, ePortfolios may become a potential tool for self-regulated learning. When designing or
implementing ePortfolio systems for self-regulated learning, the relationships among ePortfolios,
competency measuring models, and self-regulated learning should be taken into account. With
these stipulations, the ePortfolio systems become interactive environments, in which instructors
and learners can specify and share learning strategies and perform all self-regulated learning pro-
cesses. The ePortfolio-based learning model in this research may be implemented with a relevant
ePortfolio environment in a particular context in order to develop students’ motivation and learning
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strategies. Consequently, student self-regulated learning skills will be improved by practice over
time. The courses should be restructured in order to provide opportunities for practicing self-regu-
lated learning processes. Instructors should pay attention to the use of ePortfolios and the differ-
ences between students and between particular learning contexts in order to improve the effects of
ePortfolios on student learning.
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