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The present study aimed to investigate the metacognitive ability of students
using e-portfolio assessment in project-based learning classes. The projects
were a set out a critical analysis based on the selected references (project 1)
and set out of field activities based on the selected theme content (project 2).
Student metacognitive ability consists of three phases, planning,
implementation, and evaluation abilities that were assessed through e-
portfolio assignments. There were 87 participants who divided into groups
consisted of four to five students, conducted the projects, and submitted the
progress of their projects in every decided step into online report
assignments. The rubric of metacognition was used to acquire the
quantitative score of skill that was separated into six levels category: not yet,
at risk, not-really, developing, OK, and super. The result revealed that
44.83% of the students belong to the last three of those levels and the rest are
otherwise. The lowest and highest metacognitive ability of the student is “not
really” and “developing” respectively. Student metacognitive ability through
conducting the project 2 activities is higher than project 1. The findings
showed that project-based learning (PBL) enables to foster the student
metacognitive ability that developed through e-portfolio-based documents
that student conducted during fulfilling all projects assignments.
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1. INTRODUCTION
Integration of metacognition
(ICT) beneficial for debriefing and

that was supported using information and communication technology
improving students’ literacy skill of information technology. ICT

becomes an important part to possess for preparing the 21st century generation [1]. Currently, the use of ICT,
as a medium to support learning including the use of e-portfolio, is viewed as a potential way by many

researchers in recent decades. An e-po
content including text, images, video

rtfolio is “a digital container that capable of storing visual and auditory
and sound” [2]. The implementation of e-portfolios as an assessment

tool to identify and reflect the students’ ability as well as self-regulating learning ability has been widely
reported across the discipline of science and ages [2]-[8]. It brings a different approach to generate the

learning skills by using an e-portfolio
their study.

, particularly, the activities of planning, implementing, and evaluating
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The use of information technology especially the internet as the main learning resources is an
important key to support the learning process to achieve the students' skills [9]. However, the support of ICT,
especially in the educational field has not fully succeeded in expediting the process and in having a direct
impact. There were cases that the support of the e-portfolio base has not shown significant results to support
the student learning results [10]. Therefore, this condition challenges the educational practitioner and
researcher to develop further and integrate e-portfolio to increase the students’ motivation and metacognitive
abilities [11], [12]. The application of technology in the form of e-portfolios in this study is designed based
on metacognition, which is integrated into the learning projects. Metacognitive ability is required to practice
active learning strategies that make students sensitive to their learning activities [13], [14] and that is
reflected in their planning, implementing, and evaluating activities.

The learning strategy in science by using the project-based learning (PBL) model is widely applied
to face the challenges of education in the 21st century [15] such as the ability to solving problems, thinking
critically, and working collaboratively. The student in the group to enable students to plan, implement and
evaluate an assigned project carries out its implementation collaboratively. Some reports regarding the
implementation PBL in learning showed that PBL was able to influence positively metacognition skills [16]-
[18]. Implementing PBL in learning activities is often constrained by the lack of opportunity of students to
gather in groups to discuss the project as well as the time necessity needed to complete the project [19], [20].
The problem regarding interaction intensity that is needed to complete projects can be reduced through the
application of information, communication, and technology (ICT) [21] including using e-portfolios [22]. The
application of e-portfolio-based PBL as the development of ICT requires the student to learn independently
[23], [24] which is closely related to the ability of metacognition called planning, implementation and
evaluation abilities.

The learning processes in the classroom that are only concerned with achieving learning outcomes
in the cognitive and psychomotor domains often ignoring the importance of metacognitive abilities so that to
raise the problem that leads to the students possess low ability to manage themselves to plan, implement and
evaluate their learning. PBL provided a real experience that makes students capable to resolve the issues
properly [25]. The use of ICT in the form of an e-portfolio, which is applied together with the PBL, has the
potential to improve students’ metacognition ability [6], [25], [26]. A critical component that needs to be
considered so that learning becomes more effective is the students should be able to think and solve problems
during the learning process [27]. E-portfolio provides a potential tool to improve 21st Century Skills
especially in ICT [1] as well as the metacognitive ability [28] and should be integrated with the learning
process [29]. E-portfolio potentially can make the documentation tasks system applied in each activity easier
to carry out and the students’ learning development to assess authentically. Previously we found that using e-
portfolio coupled with project-based learning improved the HOT’s of students [22]. Therefore, this study was
conducted to develop the student's metacognitive ability by taking advantage of e-portfolio assessment in
project-based learning.

2. RESEARCH METHOD
2.1. Participants

The sample of this study was consisted of eighty-seven undergraduate students from three different
classes belong to math, biology, and physic education study programs. The study was carried out during the
odd semester of 3rd-year students in University of PGRI Madiun, Indonesia. Participants had to assign to the
web-based e-portfolio tool that was developed.

2.2. E-portfolio tool

In this study, a particular website was used as an e-portfolio tool that specifically created to facilitate
students’ e-portfolio assignments and support social networking either between lecture and students or
among students. The e-portfolio tool has a simple interface with some menus to make students can access the
web easily. Students can communicate with each other or with the lecturer about their assignments and
monitor their metacognitive achievement.

2.3. Procedure

This was descriptive research with 87 student participants that was conducted during the odd
semester of 2016/2017. Before the research was started, the participants were introduced to learning strategy,
metacognition, and e-portfolio base assignment to make them clear regarding the study role of play entirely.
The participants of each class were grouped that consisted of four to five students to engage the project-based
learning lecture and assign e-portfolio in fulfilling their project tasks that carried out both by group and
individual. There were two projects that students must fulfill and reported through e-portfolio assignment.
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The first project was a set out of critical analytic of references on selected topics. The second project
was the set out of field activities based on the selected theme content of the lecture. Every student must
register to the e-portfolio tool to create their profile and submit their assignment or project activities and can
access their group assignment. Students submitted a group assignment by one of the group members to the e-
portfolio tool. The group project plan was arranged and planned in the form of the layout which then was
uploaded in the students' e-portfolio to obtain a suggestion from the lecturer as well as peers in the share
column. The project plan which has been validated can be carried out by the group. The implementation
progress of the project was then evaluated weekly by uploading the progress in the group's e-portfolio as well
as through classroom presentation in every lecture. During the experiment, the student can interact with each
other or with the lecturer through public or private messaging. The lecturer can monitor the student's
assignments and activities and contact them through those same messaging. At the end of the research,
participants completed the rubric of metacognition ability.

2.4. Instrument

In this research, the metacognition abilities were separated into three phases: planning,
implementing, and evaluating. During carried out project assignment, we used the evaluation sheet to
measure the student metacognitive abilities in every phase of metacognition ability. At the end of the
research, a comprehension metacognitive ability was measured through the metacognitive test consisting of
ten items of essay test. The scores were then categorized qualitatively according to the rubrics of
metacognition [30]. There are six levels of metacognition: 1) Not yet (Not yet revealed/leads to
metacognitive); 2) At-risk (Seems to have no awareness of thinking as a process); 3) Not really (Unable to
separate what is thought from how he thinks); 4) Developing (Capable of awareness of self-thinking if
encouraged and supported); 5) OK (Realize for own-thinking and able to distinguish the stages of his input-
elaboration-output. Sometimes use models to regulate their thinking and learning); 6) Super (Use
metacognitive awareness systematically to regulate the process of self-thinking and learning). Recognizing
that there are many kinds of possibilities for thinking, being able to use them smoothly and reflect on the
thinking process. The students completed the metacognitive ability test that integrated into the essay test after
the project was carried out [31].

2.5. Data analysis

The data of student metacognition abilities were separated into six-level categories according to
Amrulloh and Ardi [30], [31] as shown in Table 1. Thereafter, it was analyzed descriptively to describe the
effect of the implementation of project-based learning with e-portfolio on students’ metacognitive ability.

Table 1. The categories of student metacognitive ability
No  Score Categories

0-16 Not yet

17-33 At-risk

34-50 Not really

51-67 Developing

68-84 OK

85-100  Super

OO~ WN

3. RESULTS AND DISCUSSION
3.1. Results

Student groups carried out the assignment of two projects. Those are the set critical analytic of
references on selected topics and field activities. During one semester of research, the data was collected base
on an e-portfolio of the projects that they conducted by the group. Every student who belongs to each group
can access the e-portfolio to review it either individually or within the group. The average metacognitive
ability of students in every phase; planning, implementing, and evaluating are shown in Figure 1.

Student activities in conducting the project assignments reflect their metacognitive abilities of the
student’s group in every stage Figure 1. Student’s group metacognitive abilities in planning, applying and
evaluating during conducting project-2 are relatively higher than those abilities in project-1. The average
score of entire stages is increased from 64.02 with category ‘developing’ in project-1 to 70.38 with category
‘OK’ in project-2. At the applying and evaluating stages, the increase of scores meets the increase of level or
category of metacognitive ability. Those are 66.78 to 69.42 and 56.2 to 72.41 for applying and evaluating
stages, respectively. It increases from the category ‘developing’ to ‘OK’. However, at the planning stage,
there is only a slight increase of the score from 69.08 to 69.31 in project 1 and project 2. Therefore, those
increases can be ignored due possess the same category as “OK”.
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Figure 1. The score of the metacognitive ability of students group at three phases of metacognitive activities
during carried out of the project-1 and project-2 assignments

In this study, to determine the metacognitive abilities of students individually, the students carried
out the metacognitive assay test as the project assignment was finished at the end of the experiment. Table 2
shows the average of the metacognitive ability of students individually as well as its distribution among 87
students who participate in this experiment. Scores were clustered and categorized [31].

Table 2. Distribution of score of student's metacognitive ability at the project-based learning
No  Score distribution  Frequency  Categories

1 0-16 0 Not yet

2 17-33 18 At risk

3 34-50 20 Not really
4 51-67 31 Developing
5 68-84 8 OK

6 85-100 10 Super

7 Number of samples 87 -

8 Mean 54.67 Developing
9 Lowest score 26 At-risk
10 Highest score 100 Super
11 Range 74 -

Most students achieve metacognitive ability in three upper categories. They are 41 students or 56%
who separated into 39%, 9% and 12% of ‘Developing’, ‘OK’ and ‘Super’ categories, respectively. Although
no one of the students who gain metacognitive score in the category ‘Not yet’, the number of students with
the score inside the three lowest categories is relatively high. They are 37 students or 44% among 87
students. The lowest score is 26 in the category ‘At risk’ and the highest is 100 in the category ‘Super’. Since
the greatest number of students located in the middle cluster of metacognitive ability level and the range
between the lowest and highest score is large, it cost the average achievement of metacognitive ability among
87 students to place the category ‘Developing’.

3.2. Discussion

The use of an e-portfolio brings an improvement for students to develop metacognitive ability
especially in implementing as well as evaluating. In each phase of the projects, students actively discuss their
project development with the lecturers as well as their peers to obtain success. E-portfolio has some benefits
especially in terms of sharing some information related to the source of learning among students [6], [11],
[32]. On the other hand, the discussion process leads the collaboration among students during the
implementation of the project plays an important role in the students' success. Once the students found any
information source, they analyze it to find its relevance with their project matter. The development of student
metacognitive ability collectively in the group showed the improvement, from ‘developing’ to ‘OK’ criteria.
This indication showed that the use of e-portfolio helped the students to know and to realize their ability. It
leads the student to do better in engaging the next phase of the project or the next project task. The students
conducted the project activity gradually started from the plan, implementation, and evaluation, integrated
with the e-portfolio assignment to facilitate in completing the project tasks. It affects the improvement of
student project value they generated. This condition prompts a significant relationship between the
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development of metacognitive skills and academic ability [33]-[35]. Susantini, Indana, and Isnawati [36]
used metacognitive as a learning strategy in pre-service teachers. This strategy showed that the high students’
metacognitive abilities in correlation to their learning strategy knowledge. That result in correlation with our
study due to once the students were given a challenge through project task and they felt capable to complete,
it boosted huge motivation and confidence. The completion of the task through an e-portfolio allows the
student to control and evaluate the task by either themselves or peers as well as lecturers. Through discussion
sessions, the students could increase their motivation to complete the task and shall significantly affect the
students’ metacognitive ability. Amrai et al. [37] showed that motivation in learning which can be given
through structured tasks were able to develop students’ metacognitive ability. This means that one important
point to develop metacognition is through continuously motivating students while improving the supporting
facilities and planning the precise task in teaching-learning processes.

Of the three phases, the implementing and evaluating phases only contributed to this improvement,
while none for the planning phase. However, the planning phase in project-1 has the highest score (69.08)
compared to either applying (66.78) or evaluating (56.20) phase. Although there was no increase for the
planning phase from project-1 to project-2, its metacognition ability has been at a good level i.e., the ‘OK'
category. The weakness of student’s metacognitive ability of project-1 was at both applying and evaluating
phases. The reasons were the fluency of students in carrying out of project task based on the metacognitive
framework. In conducting and completing the project, the group of students still require assistance and active
coordination from both friends and lecturers. Thus, it affected the metacognitive ability in applying and
evaluating phases that only gained the ‘developing’ level. The fact appeared at the beginning of the project
that the student likely faced difficulty in using the tool. Their focus was divided between applying the
planning of the project and figuring out how to use the e-portfolio for their project which can be assumed as a
new media for them. The students need at least two weeks to get used to the media. This thought was
strengthened by either the score achievement of applying and evaluation phases in project-2 that increases
significantly compared to the score in the same phases of project-1 or relatively to the planning phase in
project-2 (Figure 1). Metacognitive abilities improvement of student can meet the expectation by the time
and experience to use the tool comfortably for both students [38]. Although the planning phase of project-2
has the lowest score than other phases of the same project, all of them to place in the same category ‘OK’.
Based on these results, it is expected that all phases of metacognitive abilities will increase as the students
carry out more projects. Using e-portfolio assessment continuously especially in project-based learning
strongly suggested will improve student metacognition abilities.

E-portfolio assessment is a very useful tool in supporting students to carry out the projects that
conform to their needs, especially with the availability of messaging or chat board to facilitate their feedback.
The chat feature in the e-portfolio supports the development of metacognitive ability, particularly in the
improvement of applying and evaluating phases of project-2 through constructive discussion and
consultation. Metacognitive strategy application has been shown to enable the improvement of motivation
and academic achievement in a broad range of learning subjects and schools [39], [40]. Hence, the
contribution of e-portfolio in improving metacognitive abilities in turn positively will improve student’s
academic achievement. The relevant use of e-portfolios in developing metacognitive skills indicates its
potential to be implemented in a learning plan [6], [34]. Completing an e-portfolio allows the student to
possess a higher metacognition ability level due to it contributes positively to the student’s learning that
provides a valuable reflection on their learning throughout the course [29]. E-portfolio admits the student to
optimize their reflection and inquiry by delivering questions of themselves about the process and
achievement of their ongoing or finished work in the learning to deliberate their comprehension [4].

The implementation of e-portfolios in project-based learning improved the score of the evaluation
stage in project-2 significantly (Figure 1). It was accomplished gradually through the evaluation of every
suggestion that came from both peers and lecturers. Mutual communication in evaluating their task can
trigger to elevate critical thinking of the student and to find the solution of the problem they face. Some
important points to be considered are writing and data collection technique, as well as the construction of the
analytical result, which can be worked out accordingly. The learning activity through e-portfolio provides
unlimited space of time to enable students to communicate anytime even though the lecturers must remind
them occasionally. Through this project, students can do the "analysis" and "synthesis" of the project.
Building capacity concerning analysis and synthesis as a hallmark of academic understanding which has been
developed is an indication that students' metacognitive skills have increased. The condition can be explained
through the link between academic and metacognitive skills [14], [41].

The average score that determines the level of metacognitive ability of students individually
unlikely to place at the same level of that ability as performed by the group during the experiment was taking
place. The level of metacognitive ability during the experiment that represents group ability was categorized
‘OK’ (70.38) in project-2 and was higher than the ability that represents the students individually with the
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category ‘developing’ (54.67). This result confirms that the level of group ability does not directly mirror the
ability of each student individually. The difference may due to the collaboration among students within the
group did not well established yet which impact the unequal responsibility and motivation among members
of the group during both conducted the project and submitted the assignment into e-portfolio. Besides, the
entire membership of the group did not have the same academic competency and intrinsic motivation as the
group had.

Therefore, the level of metacognitive ability represented by the group during conducted the project
did not exactly have the level, even higher than students performed individually at the end of this experiment.
Cooperative learning admits learning proses to apply moral value such as respect, responsibility, and
collaboration among students so that elevates their motivation to study [42]. Students who collaboratively
learning in the group showed the improvement of their motivation and task as a positive impact of peer’s
support during the learning process that encouraging greater intrinsic consideration to perform and carried
out the tasks [43] hence effective to improve their achievement [42], [44]. The more learning experience and
the more amount of skill and fact as well lead to the better outcome of student achievement in project-based
learning [24].

Some of the previous findings reveal the results shown regarding the use of e-portfolios in learning.
Although there was a report stating that the implementation of e-portfolios did not provide significant results
on improving student achievement in vocational education [10], several other findings indicated the positive
results obtained from the use of e-portfolio that were applied with an approach or learning model such as in
increasing of higher-order thinking skills [22], integrated learning [4], self-regulated learning [39]. In this
study, we found that the application of e-portfolio in project-based learning improves the metacognitive skills
of the student.

Using an e-portfolio as a base-learning model enables to foster the metacognitive abilities
development [4] and positively improve self-regulating of students through its contribution in changing their
motivation and learning strategy [45]. Using an e-portfolio in this study provides the student to access their
project activities they documented wherever and whenever they want. It allows students the flexible time to
analyze and to make the reflection of the project of their learning concerning their goal [29]. The reflection
through e-portfolio allows students enable to review their current progress and evaluate the acquisition of
their skills, as well as to improve students' ability to achieve higher-order thinking skills [46] and hence
improving their metacognitive abilities. The unequal responsibility and motivation among students in the
group caused that only some members of the group who either actively carry out the project or evolved in
submitting, communicating, and reviewing their e-portfolio assignments. The remaining less active members
of the group presumed that another member of the group has represented their project task, and so that they
thought, their tasks and responsibilities have been fulfilled. The finding in which the student’s group can
perform the better ability of metacognitive affirm that learning process that conducted collaboratively in the
group is more effective to resolve the problems or assignment they face during lecture. Strengthening a
learning strategy in using e-portfolio assessment will be an interesting challenge to conduct that involves all
students individually with equal responsibility to develop better and precisely mirroring abilities of
metacognitive among students in-group and individually.

4. CONCLUSION

The results of the study provide information that the use of project-based e-portfolios that is applied
through learning processes shows that students' metacognitive abilities develop better. During the learning
activities, 56% of students reached the top category in development metacognition, and 44% of the others are
in a low category. The applied e-portfolio can support students to be more active in planning project
activities, discussing with groups and lecturers, implementing and evaluating the project. Metacognitive
ability was measured based on planning, implementation, and evaluation activities of the group showed an
improvement in project-2 compared to project-1. There was a collaboration in online discussions through e-
portfolios that are not limited by place and are more time-efficient making the project results tend to be better
than before. Look at the results of the research that the combination of implementing PBL using the e-
portfolio has strong potential to develop students' metacognitive abilities, especially for science learning.
Although thus answering the challenges of the future still requires in-depth information about effectiveness,
efficiency, and the complexity of choosing the use of learning strategies combined with technology so that it
will help the development of student metacognition. Future research can examine variables such as student
motivation, lecturer intervention, and other external variables that can affect e-portfolio use and the
development of user metacognition.
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