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Abstract

Online or blended learning assessments through LMS-MOOCs carried out in the
world of education today tend to be multiple-choice assessments that are only based
on low-level cognitive. In fact, to measure the metacognitive of students is quite
difficult, if only using the form of multiple choice questions. Therefore, it takes the
form of questions and assessments that allow students to explore their reflective
and metacognitive thinking according to the characteristics of the education they
are attending. Vocational education tends to apply a project-based learning (PjBL)
model that requires authentic and performance-based learning assessment meth-
ods. Therefore, it is necessary to develop an appropriate blended metacognitive
skill assessment rubric instrument for vocational education. Metacognitive assess-
ment was developed using research and development procedures, with students as
subjects in vocational education in Makassar, Indonesia. The integration between
elements of metacognitive skills: planning, monitoring, and evaluation with
self-peer-teacher assessment can be an assessment method to measure students’
metacognitive thinking skills in PjBL. Especially metacognitive assessment through
blended learning practice MOOCs that are in accordance with the characteristics of
vocational education and can be adopted by general education.

Keywords: metacognitive skills, blended learning, PjBL, MOOCs, vocational
education

1. Introduction

The world of work that is dynamic and develops in accordance with the direc-
tion of technological progress, requires workers not only to have hard skills in their
respective fields, but also to have soft skills [1]. In the context of a dynamic and
complex world of work, intelligence and soft skills are needed that are relevant
to the world of work today and the world of work in the future [2]. These soft
skills are of course in the form of adaptability, problem solving ability, analytical
thinking, creativity, collaboration, and communication. The International Labor
Organization (ILO) released several soft skills that are currently needed in the
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world of work such as analytical skills, creativity, problem solving, communication,
collaboration, and entrepreneurship [3]. Some of these soft skills, such as analytical
skills, creativity, and problem solving skills, are classified as critical thinking which
is regulated by the ability to think reflectively or think metacognitively (metacogni-
tive skills) [4]. Therefore, the ability to think metacognitively is very important for
workers because it can help them maintain their work ethic in a very dynamic world
of work with change and uncertainty.

Vocational education as an educational institution that aims to prepare a compe-
tent workforce is required to have an awareness of the demands of today’s world of
work. UNESCO-UNEVOC has set one of the main priorities of vocational education
in the world, namely to prepare a competent young workforce according to the
demands of today’s global workforce. Vocational education or globally known as
Technical and Vocational Education and Training (TVET) is required not only to
equip students with hard skills but also to equip them with creativity skills, analyti-
cal thinking, problem solving, and leadership [5]. To support this, higher education
should carry out various learning innovations, both in learning planning, learning
processes, and learning evaluations. Digitization is one of the best choices because
itis the demand of the current digital era that leads to learning 4.0 [1].

Learning 4.0 has now been promoted at various levels of education, not least at
the higher education level. The use of online learning is one of the learning media
used to assist the digital learning process [1]. The implications of online learning or
e-learning in learning present new forms of learning and allow learners to collabo-
rate and interact socially online [6]. In addition, online learning can increase the
level of motivation of students [7] as well as helping students to access information
and learning resources from anywhere and anytime [8]. The use of e-learning in
vocational education has also been widely used and researched. The use of digital-
based teaching materials that are integrated in e-learning can improve mathematics
learning outcomes in vocational education [9]. From the aspect of users, teachers
and students use mobile devices for vocational learning purposes [10]. Learning
evaluation is of course also possible to do online with the help of e-learning. The
advancement of internet technology and the increasing interest in online learning,
issues around e-learning and its assessment methods are also getting more attention
among educators [11].

Online learning evaluations carried out in the world of education today tend to
measure using multiple choice-based questions [1]. Multiple choice-based questions
are often used in summative and formative tests in education (online and offline or
blended) [12]. In fact, to measure the higher-level cognitive of students is quite dif-
ficult, if only using the form of multiple choice questions. Because in practice, the
use of multiple choice-based tests only touches low-level cognitive [13]. Therefore,
it takes a form of evaluation and form of questions that allow students to explore
their subjective and objective reflective and metacognitive thinking. Through this
metacognitive thinking process, it is hoped that students will be able to reflect on
their own learning and make adjustments so that students can achieve a deeper
understanding [14]. In addition, a form of formative assessment that focuses on
teaching students’ metacognitive processes is needed to evaluate their own learning
and make adjustments to the learning process [15].

Several research results have examined the methods of assessing and measur-
ing students’ metacognitive thinking through the online environment [1]. Online
metacognitive thinking assessment in certain domain assignments and settings, can
measure students’ metacognitive thinking abilities [16]. Researchers used measure-
ment tools in the form of otter tasks, multiple choice questions, and open-ended
questions. Another researcher conducted an assessment using an online-based
group metacognitive scaffolding (GMS) to measure the metacognitive behavior of
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students in a small group in class [17]. The results show that GMS has a significant
impact on changes in the metacognitive behavior of learners in a small group.
Furthermore, Altiok et al. [18] measuring metacognitive thinking using an online
environment integrated video portfolio and the results show an increase in the level
of students’ metacognitive thinking in foreign language learning. The results of
this study only focus on the measurement and assessment methods of learning in
general education, not yet on learning in vocational education which has its own
learning characteristics. In vocational education, appropriate learning models are
used, namely work-based learning, project-based learning, or contextual teach-
ing and learning so that authentic and performance-based learning assessment
methods are needed [19]. The development of rubrics and assessment models uses
a student-centered assessment approach where students are the subject and object
of the assessment to reflect on their own learning, as well as peer assessment and
teacher assessment approaches [20]. The results of the development of rubrics and
metacognitive skills assessment models through blended learning MOOCs can be a
reference for PjBL assessment methods that are in accordance with the characteris-
tics of vocational education.

2. Technical and vocational education

Technical and Vocational Education and Training includes theorvetical and practi-
cal learning content developed in schools, training institutions, or companies. Based on
this limitation, the knowledge and skills veferred to here can be understood not only as
technical knowledge and skills, but also knowledge of values and identity in a complex
world of work [1]. This vocational education paradigm is also not only a learning
process in the school environment, but can be carried out in non-formal training
environments such as training institutions and in agencies or companies [21]. The
main purpose of vocational education is to prepare graduates directly for work.
Vocational education should provide specialized training that is reproductive in
nature and based on teacher instruction, with an emphasis on knowledge of certain
industrial sectors and includes specific skills or tricks of the trade. Vocational
education has played a central role in supporting the transition from school to the
world of work for youth. Vocational education for productive work is considered
essential for economic and social development [22]. An important emphasis of
vocational education is on developing specific work-related skills or skills to prepare
students for entering the workforce, while general education emphasizes on equip-
ping students with broad knowledge and basic skills in mathematics and communi-
cation [23]. Based on these theories, it can be concluded that in general, vocational
education aims to prepare graduates to work in certain sectors. The function of this
education is to carry out the process of transforming work competencies, knowl-
edge of the world of work, as well as the ability to collaborate and interact between
workers.

3. Metacognitive skill

The study of metacognitive thinking has been widely associated with John
Flavell as an expert in the field of cognitive development since the 1970s. The term
metacognition as proposed by Flavell et al. [24] used to refer to awareness, monitor-
ing and regulating of one’s cognitive processes. In line with this, Yusuf et al. [25]
explained that metacognition refers to the principle of organizing thinking through
the process of controlling one’s cognitive. The metacognitive component consists
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of self-awareness, as well as monitoring and evaluation. These components can
improve students’ ability to solve problems.

Furthermore, Jacobs and Paris [26] explained that metacognition refers to think-
ing about thinking. Metacognition focuses on self-regulated thinking, namely what
people know and how they apply that knowledge to certain tasks. Metacognitive
theory as a systematic framework used to explain and direct cognitive processes,
cognitive knowledge, and cognitive regulatory skills [27]. A fundamental distinc-
tion is made between metacognitive knowledge and metacognitive regulation.
Knowledge of cognition refers to what individuals know about their own cogni-
tion or about cognition in general. It consists of declarative knowledge (knowing
about things), procedural knowledge (knowing how to do things), and conditional
knowledge (knowing why and when). Cognitive regulation refers to metacognitive
activities that help control one’s thinking or learning. Three important skills that are
widely recognized are planning (strategy selection and resource allocation), moni-
toring (awareness understanding and task performance), and evaluation (assessing
the product and process of one’s learning arrangements) [1].

Schraw and Moshman [28] explain the classification of metacognitive knowl-
edge and metacognitive regulation. In metacognitive knowledge, declarative
knowledge includes knowledge about oneself as a learner and about what factors
affect one’s performance. Procedural knowledge refers to knowledge about the
implementation of procedural skills. Conditional knowledge refers to knowing
when and why to apply various cognitive actions. Meanwhile, the regulation or
metacognitive regulation is categorized into three domains, namely planning the
cognitive process (planning), monitoring the cognitive process (monitoring),
and evaluating the cognitive process (evaluation). Planning involves selecting
the right strategy and allocation of resources that affect performance. Examples
include making predictions before reading, sequencing strategies, and allocating
time or attention selectively before starting a task. Monitoring refers to a person’s
on-line awareness of task comprehension and performance. The ability to engage
in periodic self-evaluations while studying is an example. Evaluation refers to the
assessment of the product and process of setting one’s learning. Common examples
include re-evaluating one’s goals and conclusions. In connection with some of
the above definitions of metacognitive, [29] explained that metacognition can be
divided into two components: metacognitive knowledge and metacognitive regula-
tion. Metacognitive regulation is the monitoring of one’s cognition and includes
planning activities, awareness of self-understanding and performance, and evalua-
tion of the efficacy aspects of monitoring processes and strategies.

Based on the description of metacognitive above, it can be concluded that
metacognitive or metacognitive thinking is an awareness of thinking about how we
think, how we organize thinking strategies in order to complete certain tasks well.
Metacognitive thinking can be categorized into 2 sub categories, namely metacogni-
tive knowledge and metacognitive regulation. Metacognitive knowledge is further
divided into declarative, procedural, and conditional thinking. Meanwhile, meta-
cognitive regulation is divided into planning, monitoring, and evaluation processes.

In the context of learning in vocational education, these two categories allow to
be measured and assessed. However, taking into account the performance-based
and project- or product-based assessment methods in vocational education, the
measurement of metacognitive regulation (planning, monitoring, and evaluation)
is more likely to be measured [1]. As explained by Klerk et al. [30] that vocational
education emphasizes performance-based assessment where students learn by
doing. This is confirmed by Wimmers [19] that at the end of the vocational educa-
tion program or professional education program, every student must achieve stan-
dardized work competence, so that in this educational program, performance-based
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assessment is a general method for assessing practical competence in an authentic
context. Learners can measure their metacognitive thinking skills through the
process of planning, monitoring, and evaluating their performance and the projects
or products they make.

4.MOOCs

MOOCs cannot be separated from their early history in 2008 when George
Siemens and Stephen Downes provided open enrollment for their Connectivism
and Connective Knowledge course at the University of Manitoba. This course is
designed as a liaison or cMOOC where students are expected to learn more about
connecting with each other in online environments such as classroom learning.

In 2012, prestigious educational institutions such as MIT, Harvard, and Stanford
began experimenting with offering a MOOC model known as xMOOC, tak-

ing a more behavioristic approach to teaching [31]. Then in 2011, a professor of
Computer Science at Stanford University, and Peter Norvig, Director of Research
at Google, announced that they would offer an open online course in Artificial
Intelligence. This course does not use a learning credit system, but students who
complete this course will be given a certificate of acknowledgment that they have
completed learning. As many as 160,000 people registered, so that the world’s
attention was given to this phenomenal program and was given the term Massive
Open Online Course/MOOCs [32].

MOOCs have attracted the attention of researchers, learning experts, and even
governments who have raised various opinions and assumptions regarding the
features offered and their advantages and disadvantages. Despite this heterogeneity,
dozens of MOOC options emerge every day and thousands of people sign up for the
courses available. Besides being free, their motivation is because the course content
comes from prestigious universities including Harvard, Massachusetts Institute
of Technology, Stanford, University of California, and so on. In addition, research
teams from various scientific backgrounds from universities around the world
focus daily on finding new alternatives in terms of content access and distribution
in MOOC:s. It is solely aimed at providing a more engaging learning experience for
MOOCs users.

MOOCs have great potential in the world of educational technology so that their
use becomes a challenge in itself from the massive aspect, open access, and con-
nectivity which of course must be developed through a multidisciplinary approach.
Cyber-socialecology MOOCs can provide a collaborative approach not only among
students, but also between educational institutions so that students can adapt their
learning models, preferences, and learning needs to MOOCs from different institu-
tions. Another important thing in collaboration between educational institutions is
the formalization or recognition of learning in MOOGC:s. In this way, formal MOOCs
can become part of an educational institution’s curriculum or tailor a course of
study to earn an online diploma. An example of this scenario has been done on the
“Mobile Cloud Computing with Android” specialization provided by Coursera [31].

MOOCs can support competency-based education [33]. In addition, MOOCs
need to improve the quality and personalization of the student learning experience
to further increase the effectiveness of education in general. As well as, Rosé et al.
[34] emphasized the need to explore the possibilities of new features, such as col-
laboration features that encourage collaborative online activities such as structured
brainstorming, whole group feedback, group reflections, and other collaborative
activities. This activity aims to foster and maintain connectivity support, direction,
and a more positive experience for students.
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One of the advantages of online courses such as MOOC:s is that it is easy to be
able to engage in classes from any geographic location at any time you want. Having
students spread all over the world in different time zones does not pose much of
a problem while studying. This is because it facilitates the delivery of learning
asynchronously and synchronously. However, the lack of face-to-face engagement
can lead to a sense of isolation and result in students feeling separated from their
peers in the classroom [35]. As a result, students in online environments tend to
feel like they are taking on independent study rather than being active members
of a study group [36]. One way to minimize this sense of alienation is through the
use of technology and more interactive content that can enhance collaboration and
knowledge construction.

In the learning system through MOOCs, students learn content knowledge by
utilizing information and multimedia systems based on the development of learn-
ing models and methods. In other words, through learning systems and technology
MOOCs require students to use metacognitive skills to manage their own learning
pace (metacognitive skills). Students must be active learners in encouraging and
sustaining their own learning progress. For example, they should assess the extent to
which their learning strategies are effective in facilitating their learning progress, and
identify which content has been optimal in terms of helping them achieve their desired
learning goals [37]. Tsai et al. [38] conducted research with the aim of proposing an
integrated model that integrates aspects of metacognition and interest in learning to
investigate student learning motivation through MOOCs. The results of this study
revealed that the increase in metacognitive skills was also accompanied by an increase
in student enjoyment and encouragement regarding learning in the setting and organi-
zation of MOOCs. The findings show that metacognitive aspects can explain whether
learners are motivated to learn through MOOCs because of the consequences of cogni-
tive aspects mediated by interest in learning. In the use of MOOCs, the term blended is
known which combines learning in terms of the implementation of learning (online or
face to face), the delivery of learning content (synchronous or asynchronous).

5. Blended learning practice

Blended learning is a combination of various modalities (on-site, self-directed
and web-based learning), delivery media (internet, lectures, powerpoint presenta-
tions, textbooks); teaching methods (face-to-face or technology-based/online
sessions) and web-based technologies (wikis, chat rooms, blogs, textbooks, online
courses) [1]. The combination (hybrid) is carried out depending on criteria such as
learning objectives, course content, lecturer experience and teaching style, student
characteristics, and others [39]. While, Kaur [40] define blended/hybrid learning
from multiple perspectives:

1. Holistic perspective: delivery of learning using various media formats,
including integration of learning media into traditional classrooms (f2f) or
into online learning environments regardless of the combination of synchro-
nous or asynchronous media

2.Educational perspective: a lecture that integrates f2f lecture activities with
online pedagogical content. Some f2f lectures are replaced by online activities,
especially in terms of synchronous, and online-asynchronous classes.

3. Pragmatic perspective: lectures are taught both in the classroom and remotely
using different pedagogic combination strategies.
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4. Corporate training perspective: the use of various learning media formats to
deliver a curriculum or course.

5.CLO-Chief learning officer perspective: a learning strategy that integrates sev-
eral communication modalities (both synchronous and asynchronous).

The success of blended learning depends not only on the quality of the courses
and the virtual/online environment, but also on the degree to which faculty and
students are prepared to work in a virtual learning environment. It also really
depends on the preparation of learning materials and activities by the lecturers
and the technical abilities of lecturers and students [1]. In particular, to use all the
tools/features offered by the Learning Management System (LMS)-MOOCs, such as
related to metacognitive assignments and quiz-essays.

6. Project-based learning (PjBL)

Project-based learning (PjBL) is an approach to teaching science and technology
that focuses on investigating questions and problems that students find meaningful
and interesting, as well as sparking curiosity about something [41]. By investigating
these questions and problems, students are involved in understanding phenomena,
recurring natural events, or finding solutions to problems using disciplinary core
ideas, scientific and engineering practice, and cross-disciplinary concepts. PjBL
involves students and lecturers in finding solutions to questions about the environ-
ment around them. Investigating real-world questions in which students investigate
meaningfulness has long been touted as a viable learning method. Thus, PjBL
triggers the curiosity and active involvement of students to find out what is going
on in their environment [41]. The George Lucas Educational Foundation [42, 43],
recommend 6 steps of PjBL, namely:

a.Essential questions: provide essential questions related to the focus or scope of
the project that is related to the real world and is relevant to students.

b.Designing plans for projects: planning the rules of the game, tools, materials,
and selection of activities that can support and answer the important questions
of the project focus.

c. Create a schedule: create a timeline and determine project completion
deadlines.

d.Monitor students and project progress: Monitor student progress and activities
during the project completion process. Monitoring uses a rubric that can record
all important activities.

e. Assessing the results: evaluating project progress, providing feedback on the
level of understanding students have achieved, assisting lecturers in developing
further learning strategies.

f. Evaluate the experience: Lecturers and students reflect on activities and results.
Figure 1 presents a procedural map of the use of metacognitive rubrics in PjBL.

PjBL is a model that organizes learning around projects. Projects are complex
tasks, based on challenging questions or problems that involve students in design,
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Steps of PjBL

Essential Designing plans for Create Monitor students and Evaluate the
Question projects a schedule project progress Assessing the results experience
Planning Monitoring Evaluation
Use of Metacognitive Rubric
Figure 1.

Procedural map of the use of metacognitive rubrics in PjBL.

problem solving, decision making, or investigative activities, and provide students
with the opportunity to work independently guided over a long period of time,
culminating in on the final product or presentation. As a learning strategy, PjBL
involves students in authentic learning through working on a project. This approach
varies greatly from the traditional teacher-centered classroom and provides an
interdisciplinary, student-centered activity for students that is integrated with real-
world problems and practices, and usually lasts over a long period of time [44].

PjBL, sometimes referred to as project work, can be seen as an extensive
problem-based learning activity in which students need to find ways to verify
a phenomenon or solve a problem. Thus, aspects of skills are determined to be
relevant to aspects of attitudes and abilities needed by students, including abilities
such as critical thinking, creative thinking, time management skills and the ability
to work cooperatively with others [45]. PjBL is centered on generating questions or
inquiries that lead students to see concepts and principles related to their learning.
Work on this project requires a long period of time, involving students to generate
new knowledge to build on the premise of student inquiry and understanding [46].
Furthermore, Netto-Shek explains that project work, when executed properly,
gives students autonomy to make decisions and to work independently and col-
laboratively in producing solutions for situations that were not previously planned.
Netto-Shek argues that in the process of project work by students, monitoring by
lecturers provides guidance and advice if needed. As such, project work embeds
authentic real-world challenges in student learning experiences.

PjBL allows students to hone and develop skills through knowledge reconstruc-
tion when students work together to develop their projects and overcome problems,
thereby forcing them to maximize cognitive aspects and overall theoretical under-
standing and identify theoretical knowledge gaps [47]. This is a more authentic
approach to the student learning experience compared to the traditional approach.
In keeping with current trends, the Israel Institute of Technology, in 2014 launched
an online course on nanotechnology and nanosensors in the MOOCs format, which
continues to this day. This course was developed by Prof. Hossam Haick, from the
School of Chemical Engineering, is a leading researcher in the field of nanotechnol-
ogy. The nanotechnology and nanosensors course is the world’s first MOOC:s in this
field, and the first to be presented simultaneously in two languages: English and
Arabic. Their purpose is twofold. First, it reaches everyone around the world, even
those who live in countries that do not have diplomatic relations with Israel. Second,
provide a model for promoting sociocultural learning in the context of technical
education, by integrating project-based learning, multicultural teamwork, and peer
assessment into a curriculum [48].

Following previous developments on project-based learning in higher education
[49], assignments on nanotechnology and nanosensor learning in MOOCs involv-
ing features related to the use of authentic questions, inquiry communities, and the
use of cognitive aspect support technologies. PjBL involves students in authentic
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inquiry directly [41, 49]. In order for an activity to be considered as PjBL, it is nec-
essary to involve the construction of knowledge through the development of new
ideas, understanding, and/or skills on the part of students. This raises questions
about the role of project-based MOOCs in the process of knowledge construction
and learning motivation among science and engineering students. More specifi-
cally, how to assess the appropriate knowledge construction project for blended
MOOCs learning according to the characteristics of vocational education.

7. The development of PjBL metacognitive assessment models

The development of the metacognitive assessment model presented is the
result of the author’s research, which uses Research and Development steps [1].
Metacognitive instruments and rubrics were developed based on the theory of [28]
and Lai [29] previously reviewed, where metacognitive regulation covers 3 aspects,
namely: the planning process, the monitoring process, and the evaluation process of
the project undertaken.

7.1 Metacognitive scoring rubric for PjBL

Assessment models and rubrics are based on the previously studied metacog-
nitive thinking theory. The results of this study use the theory of metacognitive
regulation which is divided into planning, monitoring, and evaluation processes.
Table 1 is a complete rubric that has been compiled based on the theoretical indica-
tors that have been described previously.

The rubrics in Table 1 are then integrated into the LMS-MOOCs. The following
is a metacognitive rubric display on planning aspects that have been integrated into
the LMS.

Figure 2 shows a metacognitive rubric consisting of 4 rating scales where each
scale contains several assessment criteria from the planning aspect of project work
which is one of the metacognitive aspects. Students and teaching staff directly
choose one of the points in accordance with the contents of the student project
project planning report being assessed.

7.2 Implementation of PjBL metacognitive assessment rubric through blended
learning MOOCs

This learning process applies the Blended learning method that combines two
learning cycles, namely online-based and face-to-face. The online-based learning
cycle is used to strengthen basic materials or theories before students work on
projects directly in the laboratory [1]. In addition, online methods are also used
to integrate metacognitive assessment instruments and rubrics. The following
is a display of the results of Peer, Self, and Teacher Assessment from students
(Figure 3).

The picture above shows the results of peer assessment (Grades received), self-
assessment (Grades given), and teacher assessment (Grade for Submission and
Grade for Assessment). Each student gave a score to 3 other students and received
a score from 3 students based on the assessment rubric. After that, the teacher also
gives a score based on the same assessment rubric. These scores are then down-
loaded in an excel file format for further processing by assigning a weight to each
score. The score from the self-assessment is given a weight of 20, the score from
the peer assessment is given a weight of 30, and the score from the teacher assess-
ment is given a weight of 50 so that the maximum score is 100. The following



Metacognitive aspect

Indicator

Scorel

Score 2

Score 3

Score 4

1. Planning (planning
their learning activities

The plan contains the ultimate
learning objectives they expect in

The plan containsthe ¢
ultimate learning goals

The plan contains the
ultimate learning objec-

The plan contains the
ultimate learning objec-

¢ The plan contains the ultimate

learning objectives they expect in

according to their ability project work. they expect in project tives they expect in project ~ tives they expect in project project work.

to und.eistand the ¢ The plan contains indicators work. work. work. The plan contains indicators of the

material) of the achievement of the final * The plan contains indica- The plan contains indica- achievement of the final objectives
objectives of learning that can be tors of the achievement tors of the achievement of learning that can be measured
measured well. of the final objectives of the final objectives well.

* The plan contains the prereq- of learmgg thl?t can be of learmgg thl?t canke The plan contains the prerequisites
uisites for the initial knowledge measured wetl. measured wetl. for the initial knowledge needed in
needed in the project work. The plan contains the the project work.

* The plan contains learning f)rerecllu(;smes fodr t(;"? inifdal The plan contains learning
activities that will be carried out <no.w edge needed 1n activities that will be carried out in
. . . project work. . .
in completing the project. completing the project.

2. Monitoring ¢ The learning monitoring report The learning * The learning monitor- The learning monitor- The learning monitoring report

(self-monitoring of
learning activities)

contains the completeness of
learning activities in the form of
checklist items.

The learning monitoring report
contains the obstacles faced in
carrying out learning activities
during the project work process.

The learning monitoring report
contains things that have helped
them complete each learning
activity that has been carried out.

The learning monitoring report
contains strategies that will be
carried out in minimizing the
constraints that have been written
previously.

monitoring report
contains the
completeness of
learning activities in
the form of checklist
items.

ing report contains the
completeness of learning
activities in the form of
checklist items.

* The learning monitor-

ing report contains the
obstacles faced in carrying
out learning activities
during the project work
process.

ing report contains the
completeness of learning
activities in the form of
checklist items.

The learning monitor-

ing report contains the
obstacles faced in carrying
out learning activities
during the project work
process.

The learning monitoring
report contains things that
have helped them complete
each learning activity that
has been carried out.

contains the completeness of
learning activities in the form of
checklist items.

The learning monitoring report
contains the obstacles faced in car-
rying out learning activities during
the project work process.

The learning monitoring report
contains things that have helped
them complete each learning activ-
ity that has been carried out.

The learning monitoring report
contains strategies that will be
carried out in minimizing the
constraints that have been written
previously.
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Metacognitive aspect

Indicator

Scorel

Score 2

Score 3

Score 4

3. Evaluation (evaluating
the results of his work)

The report contains clear, coher-
ent, and complete information.

Reports are presented by includ-
ing the appropriate images.

The report states that all project
work processes are carried out in
accordance with the stages.

The report writes a good conclu-
sion that summarizes the final
goal of working on a previously
written project.

The report contains
clear, coherent, and

complete information.

The report contains clear,
coherent, and complete
information.

Reports are presented by
including the appropriate
images.

The report contains clear,
coherent, and complete
information.

Reports are presented by
including the appropriate
images.

The report states that all
project work processes are
carried out according to
the stages.

The report contains clear, coherent,
and complete information.

Reports are presented by including
the appropriate images.

The report states that all project
work processes are carried out in
accordance with the stages.

The report writes a good conclusion
that summarizes the final goal of
working on a previously written
project.

(Source: [1]).

Table 1.
Rubrik metacognitive.
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is the final score from the results of measuring students’ overall metacognitive
thinking in project work (Figure 4).

The graph above shows the scores of the three aspects of metacognitive thinking,
namely planning, monitoring, and project evaluation. The score comes from three
sources, namely peer, self, and teacher assessment. In the planning aspect, the peer
assessment score (24.19) is categorized as high because it is close to the maximum
score (30). Likewise, the self score (18.38) and teacher assessment (36.29) were also
categorized as high because they were close to the maximum scores of 20 and 50.
Scores on the metacognitive aspects of monitoring and evaluation also showed high
scores from peer, self, and teacher assessment.

The scores in the graph can also be seen that the peer assessment scores from the
planning, monitoring, and evaluation aspects are not much different. Likewise, the
self and teacher assessment scores do not differ much from the three metacognitive
aspects. This means that the metacognitive thinking rubric is effectively used as an
assessment guide by students and lecturers in vocational education. These scores
have shown the level of students’ metacognitive thinking that is in accordance
with the characteristics of assessment methods in vocational education based on
performance-based assessment and project-based learning models.

8. Metacognitive assessment model for PjBL through blended learning
MOOCs

The results of the research on assessment models, instruments, and rubrics that
have been integrated with LMS through blended learning practice MOOCs have
successfully measured students’ metacognitive thinking skills [1]. This is because
this assessment model provides opportunities for students to assess their own
answers (self-assessment) and provides opportunities for students to assess the
answers of their peers (peer-assessment). Students are involved in assessing and
evaluating answers based on the assessment rubric given in BLEMS. This encour-
ages students to be more proactive in evaluating their own metacognitive thinking
skills so as to support the development of their metacognitive skills. This is in line
with the results of Vaughan’s research that applies the Triad Approach Assessment
(self, peer, teacher assessment) in blended learning where this assessment approach
can support the development of students’ metacognitive skills [20]. In addition, the
results of this study are also in accordance with the theory that has been described
previously, namely metacognitive thinking or metacognitive thinking is an aware-
ness of thinking about how we think, how we organize thinking strategies in order
to complete certain tasks well. Metacognitive thinking can be categorized into 2
sub categories, namely metacognitive knowledge and metacognitive regulation.
Metacognitive knowledge is further divided into declarative, procedural, and con-
ditional thinking. Meanwhile, metacognitive regulation is divided into planning,
monitoring, and evaluation processes.

In the context of learning in vocational education, these two categories allow to
be measured and assessed. However, considering the performance-based and proj-
ect- or product-based assessment methods in vocational education, the measure-
ment of metacognitive regulation (planning, monitoring, and evaluation) is more
likely to be measured. As explained by Klerk et al. [30] that the vocational educa-
tion emphasizes performance-based assessment where students learn by doing. This
is confirmed by Wimmers [19] that at the end of the vocational education program
or professional education program, every student must achieve standardized work
competence, so that in this educational program, performance-based assessment
is a general method for assessing practical competence in an authentic context.

13
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Figure 5.
Metacognitive assessment model. (Adapted from: [1]).

In addition, PjBL is an alternative learning model in vocational education where
students can plan, design, and reflect on their learning through projects [50]. PjBL
is a student-centered learning model in which students work on a project, make a
project report, and communicate the report to their peers and teaching staff [51].
Therefore, students can measure their metacognitive thinking skills through the
process of planning, monitoring, and evaluating their performance and the projects
or products they make.

In addition, the application of blended learning methods (online and face to
face) in project-based learning is able to optimize the learning process carried out.
The online method is carried out to strengthen basic theory before students work on
projects directly (face to face) in the laboratory so that students are able to optimize
the three metacognitive aspects, namely planning, monitoring, and evaluating
project work. The following is a metacognitive assessment model that combines self,
peer, and teacher assessment in a blended learning environment using a project-
based learning model (Figure 5).

The picture above shows an assessment model that combines self, peer, and
teacher assessment integrated in LMS-MOOCs with a project-based learning model.
Blended learning consists of online learning and face to face in the laboratory. The
online method is used to assess the three metacognitive aspects, namely planning,
monitoring, and evaluation based on metacognitive rubrics that have been inte-
grated in the online environment. While the face to face method is carried out in the
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laboratory for project work for students. In addition, face to face also allows educa-
tors to conduct authentic assessments of the three metacognitive aspects (planning,
monitoring, evaluation). The final result of the implementation of this assessment
model is the metacognitive thinking score of students in vocational education.

Learning evaluation methods are generally only teacher-centered, not involving
students in assessing and reflecting on their own evaluation results. Their answers
from carrying out activities at LMS-MOOCs were only judged by one side by the
educator. Students only see the score or final score of each test they pass so they
cannot see which aspect they lack. However, through this assessment model (self-
assessment and peer-assessment), students are actively involved in assessing their
higher order thinking skills, namely metacognitive thinking.

9. Conclusions

The assessment rubric aims to determine students’ metacognitive thinking skills
in project-based learning in vocational education. The assessment rubric was devel-
oped for 3 activities, namely planning, monitoring, and evaluation, then integrated
into the LMS-MOOCs blended learning practice method. This study also produces a
metacognitive assessment model for blended learning models in vocational educa-
tion. The resulting model is an integration of three activities with self-assessment,
peer-assessment, and teacher-assessment assessments for the PjBL learning model
[1]. The metacognitive assessment model can be an assessment method to measure
students’ metacognitive thinking skills, especially in project/work-based learning in
vocational education.
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