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Metacognitive will encourage students manage cognitive activities which be con-
trolled. This research aims to develop instruments that can measure students’
metacognition as an implementation of the Merdeka Curriculum. This research
according to the ADDIE model. The research was conducted on students who
had studied Environmental Change material in class X, with a small-scale trial on
10 students, and a large-scale trial on 50 students. Qualitative data analysis is in
the form of descriptive validator comments. Quantitative data analysis includes
validity, reliability, differentiated, question difficulty, and product effectiveness
tests. Based on the development study, this product consists of 4 indicators, that
is knowledge, regulation, awareness, and responsiveness. The instrument can ef-
fectively measure students’ metacognition, with the proportion of achievement
of metacognitive integrated questions is 68%, and metacognitive questionnaires
is 72%. The percentage of metacognitive integrated questions is 73.362%, with a
KMO value is 0.875, and the fit category as a measurement instrument is 48%.
The percentage of metacognitive questionnaire measurability is 82.123, with a
KMO value is 0.578, and a fit category as a measurement instrument is 20%.
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INTRODUCTION

Education in Indonesian year after year
continues to change, which is now entering the
21st Century Learning marked by the integrati-
on of knowledge, skills, attitudes, and abilities in
mastering technology. Metacognitive skills as one
of the special skills that need to be empowered
in 21st Century Learning century learning (Febri-
na & Mukhidin, 2019). This good metacognitive
skills is a provision to face global challenges (Su-
nanto & Nur, 2018). Metacognitive skills support
the increasing ability to think high level of stu-
dents (Budhiman et al, 2021)

Students’ metacognitive abilities will dri-
ve how they manage their cognitive activities in
themselves that basically need to be controlled.
Students should be aware of how they manage
their own cognition. These are called metacogni-
tive skills. Fitria et al., (2020) also explained that
good metacognitive skills lead students to be-
come independent students, that is, they will be
able to recognize the way they think or process
their cognitive processes, with each of these stu-
dents will act as a manager for themselves. The-
se abilities are aligned with the idea of Merde-
ka Curriculum, which leads students to gain the
freedom to think independently and manage their
cognitive abilities.

These metacognitive skills also determi-
ne students to learning success . A good under-
standing of metacognitive can be a provision for
students in improving their learning outcomes.
Increasing metacognitive skills improves lear-
ning outcomes including affective, cognitive, and
psychomotor (Asaidah et al., 2022). Previous
research that has been conducted on students in
Biology subjects that is a positive relationship bet-
ween metacognitive skills and learning outcomes.
If the level of metacognitive skills experience an
increase, so the learning outcomes will also inc-
rease (Usman et al., 2017).

The empowerment of metacognitive skills
in Indonesian still has obstacles. These barriers
arise because the paradigm of students with the
role of receiving knowledge from the teacher,
and the teacher as a source of knowledge. The
assessment also emphasizes to test the cognitive
abilities of students (Sari & Ria, 2020). S everal
previous studies stated that the metacognitive
skill of high school were classified as not really
dan at risk (Agati et al., 2019). This condition
causes students to find it difficult to regulate their
thought process.

This phenomenon of biology learning not
being carried out consciously to empower meta-

29

cognitive skills was discovered in Indonesia. Bio-
logy learning that has been applied has been a lot
of innovation and tends to be rare with lecture
methods, but teachers there still have not imple-
mented learning that can empower their students
metacognitive. Students are still not accustomed
to cultivate the ability to think independently.
This is influenced by the application of learning
models presented by biology teachers have not
been able to empower students metacognitive.
Evaluation questions made by biology teachers
are also classified as summative questions that
have not directed metacognition.

The results of interviews with students,
found that students who have never heard the
term metacognitive. Students certainly don’t
know much about metacognition themselves so
it has not been measured. This is because bio-
logy teachers still have not performed metacog-
nitive empowerment in biology learning, and
not availability of metacognitive empowerment
tools. This fact is a sign that metakognitive skills
in a planned and conscious manner by biology
teachers have not been implemented in biology
learning. Biology learning students to gain di-
rect experience as a form of application of facts,
concepts, principles, and findings related to the
problems around us. Biology learning diri trains
individual students to study about themselves and
the environment. Siregar (2019) explained that
biology learning is very related to the students
metacognitive skills, because it is useful in solving
a problem, so that existing learning problems can
be solved more easily.

Environmental Change is a biological ma-
terial closely related to everyday life. Many things
that are often encountered in daily activities are
part of material concept of Environmental Chan-
ge. Students must understand the concept of
Environmental Change correctly and be able to
consciously relate the material taught to everyday
life. Learning this metacognitive integrated Envi-
ronmental Change material will avoid refraction
in concepts. Students when studying Environ-
mental Change material need to study entirety.

Starting from the learning facts that have
been described, it is necessary to develop instru-
ments to measure metacognitive skills that are in
accordance with the idea of the Merdeka Curri-
culum. The results of the instrument analysis will
describe the characteristics of the instrument in
measuring the metacognition of students. Hope-
fully, if it is known that the students metacogni-
tion is still low, then a teacher needs to find solu-
tions to improve the metacognition of students.
Therefore, there needs to be changes that are
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more directed towards to empower metacognitive
skills. It is hoped that the development of this me-
tacognitive instrument will be a way to get used
to empowering students’ metacognition, especi-
ally those whose schools have implemented the
Merdeka Curriculum. The results of metacogniti-
ve analysis are important for the development of
students’ self-potential (Majid, 2022).

Seeing the importance of metacognition
in students as something that can be taken into
account in achieving success in the learning pro-
cess, it is necessary for teachers and even students
themselves to know about the development of
metacognition in themselves. To be able to obtain
metacognitive information from students, a tool
is needed to measure students’ metacognition in
Biology learning as an implementation of the
Merdeka Curriculum. This information will then
become a reference for teachers to progress furt-
her in empowering students’ metacognition. Stu-
dents will also be more open and aware of their
own cognitive processes or ways of thinking, and
if it turns out that students’ metacognition has
not yet developed, they will always improve their
metacognitive processes.

METHOD

This research is a Research and Develop-
ment that is oriented towards developing a pro-
duct, and testing the effectiveness of the product
being developed (Sugiyono, 2019). The product
to be developed is a metacognitive instrument.

The research procedure according to the
ADDIE model flow chart by Rayanto & Sugianti
(2020).

Analysis

1

Evaluate

A

Implement

Design

J

Develop

<
Figure 1. ADDIE Model

1) Analysis, consists of two stages, namely
performance analysis and needs analysis. Perfor-
mance analysis is intended to analyze the curri-
culum, learning models, and assessments that
have been carried out in schools. Needs analysis
aims to identify problems that occur in schools
related to the empowerment of student meta-
cognition. The purpose of this needs analysis is

30

to determine the product in the form of a meta-
cognitive instrument. 2) Design, the design stage
is formulating objectives and designing product
grids, which consist of Metacognitive Skill Eva-
luation instruments that include essay questions
according to metacognitive knowledge indicators
and learning outcomes in the Merdeka Curricu-
lum, and metacognitive questionnaires adapted
from SEMLI-S (Thomas et al., 2008), and AILI
(Meijer et al., 2013) which are guided by MAI
(Schraw & Dennison, 1994). 3) Development, the
stage of developing metacognitive instruments
based on the draft instrument grid that has been
prepared. The next stage is to review the Meta-
cognitive Skill Evaluation instrument in the form
of an integrated metacognitive test instrument,
and the metacognitive questionnaire by valida-
ting the instrument design by a team of experts.
If the instrument has been revised based on vali-
dation and suggestions from the expert team and
has been declared feasible, then a limited trial
(small-scale trial) is carried out. 4) Implementa-
tion, namely implementing metacognitive instru-
ments in learning activities at school, by testing
the instrument on a large scale. Students were
given instructions to work on the metacognitive
integrated essay question instrument, and conti-
nued by filling out the metacognitive questionnai-
re. 5) Evaluation, The results of the analysis of
this group trial will then be revised again as the
final product of the Metacognitive Skill Evaluati-
on instrument. The final product is implemented
to measuring metacognition.

This research was conducted at SMA Is-
lam Al-Mizan and SMAN 1 Jatiwangi, namely
schools at the high school level in Indonesian.
The subjects of this research consisted of a team
of experts who validated the product, subjects for
product trials, namely students who had parti-
cipated in learning Environmental Change, and
biology teachers of SMA Islam Al-Mizan and
SMAN 1 Jatiwangi. Small-scale trials were app-
lied to 5 students, while large-scale trials were
applied to 25 students.

Data analysis will be conducted after the
data search process in the study. Data analysis is
adjusted to the type of data to be processed, that
is quantitatively or qualitatively. Qualitative data
processing includes product validation results in
the form of validator suggestions and comments
in descriptive form. Quantitative data testing me-
tacognitive instruments includes validity, reliabi-
lity, discrimination, and difficulty level tests on
the Metacognitive Skill Evaluation instrument,
and to test the effectiveness of the instrument.

The instrument must be declared effective
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to measure students metacognition. The criteria
for an instrument to be declared effective are used
if it meets the proportion of students’ achieve-
ment and is able to analyze students’ metacogni-
tion. The proportion of students’ achievement is
calculated by comparing the total score obtained
by students with the maximum score of students
in one class for each statement item. The pro-
portion of item achievement is said to be good
if students are able to achieve 60% of the 50% of
existing statement items.

L
K =%22x100%
K : Percentage of a achievement obtained
zn : Total score obtained by students
N : The maximum number of scores

Calculating the instrument’s ability to me-
asure using the IBM SPSS Statistics. If percenta-
ge is above 60%, so the instrument is said to have
the ability to measure metacognition aspects well.

Analysis of metacognitive integrated ques-
tion instruments was carried out based onscoring
obtained by students. The higher the value ob-
tained, the better the metacognition. The rubric
for assessing integrated metacognitive questions
is determined based on the rubric that has been
formulated, namely adopted from the MAD Rub-
ric which consists of 7 scales (0-7) and as a refe-
rence for checking the answers to each test item.
This MAD Rubric will be adjusted to the meta-
cognition criteria of students.

The score is converted into a value using
the following formula:

R
NP =S—>( 100%

M
NP : Percentage value sought or expected
R : Raw score obtained by students
SM : Ideal maximum score of the relevant-

ability test
The metacognitive questionnaire scoring
was analyzed in the following way:

1

2 Determine the criteria for measuring stu-
dents’ metacognitive abilities in the following
way:

- Maximum score is obtained from highest
weight x number of statement items.
=4x35=140

3.Determine the interval value. There are 4
intervals required, namely metacognition is
very well developed, metacognition is well
developed, metacognition is beginning to
develop, and metacognition is not developed.

Calculating the overall score

Interval Length: The interval length is ob-
tained by dividing the maximum score by the
interval value, namely 140:4 = 35.
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Criteria for students metacognition are
presented in Table 1.

Table 1. Student Metacognition Criteria

Score Category

106 < x = 140 Metacognition is very well
developed

71 <x = 105 Metacognition is well devel-
oped

36<x = 70  Metacognition begins to
develop

0<x = 35 Metacognition is not developed

The validity of the developed product is
known by conducting a validity test by a team of
experts and a reliability test. The validation re-
sults from the expert team will then be analyzed
quantitatively and qualitatively referring to the
item validity coefficient according to Arikunto
(2013).

Table 2. Item Validity Coefficient

Reliability Criteria
0.81-1.00  Very high
0.61-0.80  Tall
0.41-0.60  Enough
0.21-0.40 Low
0.00-0.20  Very Low

Quantitative validity analysis was carried
out using the Aiken’s V technique, then tested
again with a validity test using the SPSS program
based on the results of a small trial.

Table 3. Validity of Aiken’s V Metacognitive
Questions

Assessor
Item A\ Note
I I IO I v
Items 1-14 56 52 55 50 50 0.919 Tall

Based on Table 3, it shows that the value of
V =0.919. Referring to Aiken’s V criteria for items
assessed by 5 raters with 4 scale options with an
error rate of 0.05, which is 0.87, the metacogniti-
ve integrated questions have high validity.

Table 4. Validity of Aikens’V Metacognitive
Questionnaire

Assessor
Item A% Note
I II I Iiv .y
Items 1-16 62 60 62 58 58 00917 Tall
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Based on Table 4, it shows that the V value
= 0.917. Referring to Aiken’s V criteria for items
assessed by 5 raters with 4 scale options with an
error rate of 0.05, which is 0.87, the metacogni-
tive questionnaire has high validity. The product
was then tested on a small scale with the help of
the SPSS program.

Table 5.Validity of Metacognitive Questions

Criteria Question Item Number
Valid 1,2,4,5,7,8,9,10,11,12
Invalid 3,6

The analysis of item validity in the results
of the small trial showed that 10 questions were
valid and 2 questions were invalid, so the ques-
tion items that had invalid criteria would not be
used in the large trial.

Table 6.Validity of Metacognitive Questionnaire

Criteria Question Item Number

Valid 1,4,5,7,9,10,11,12,13,14,15,16,17
, 18,19,20, 21,22,23,24,25, 26,27,
28,29,30,33,34,35,36, 37,39,40, 43,
44

Invalid  2,3,6,8,31,32,38,41,42

The validity of metacognitive questionnai-
re items in the results of the small trial showed
that 35 items were declared valid and 9 questions
were declared invalid, so the metacognitive ques-
tionnaire items that had invalid criteria would not
be used in the large trial.

The formula used in the instrument reli-
ability test process is the Cronbach Alpha coeffi-
cient, then analyzed by referring to the Reliability
criteria according to Sugiyono (2019).

Table 7. Reliability Criteria
Reliability Criteria

0.81-1.00  Very high
0.71-0.80  Tall
0.41-0.70  Currently
0.21-0.40 Low
0.00-0.20  Very Low

Based on the analysis of the reliability test
of the integrated metacognitive questions, it pro-
duces a reliability value of 0.946, so the product
is declared to have very high reliability criteria.
The results of the metacognitive questionnaire re-
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liability test produce a reliability value of 0.984,
so the product has very high reliability criteria.
This means that the components of the Metacog-
nitive Skill Evaluation instrument based on the
results of the small trial have very high reliability,
and are worthy of being implemented on a lar-
ger scale. The results of the differential power test
analysis can be seen in the Table 8.

Table 8. Differential Power Metacognitive Ques-
tions

Criteria F %
Question rejected 2 16.7
Question fixed 0 0.0
Question accepted but corrected 1 8.3
Questions are well received 9 750
Amount 12 100.0

Based on Table 8, of the 12 metacogniti-
ve integrated questions developed, 10 questions
will be used in large-scale trials, consisting of 9
questions that were well accepted and 1 question
that was accepted but needed improvement, whi-
le the other 2 questions were rejected or not used
in large-scale trials. The level of difficulty of the
questions can be seen in the Table 9.

Table 9. Difficulty Level of Metacognitive Ques-
tions

Criteria F %
Difficult category questions 2 16.7
Medium category questions 7 58.3
Easy category questions 3 25.0
Amount 12 100.0

Based on Table 9, it shows that 2 questions
are classified as difficult (16.7%), 7 questions are
classified as medium (58.3%), and 3 questions are
classified as easy (25.0%). The questions that will
be used during implementation in large-scale tri-
als based on the level of difficulty of the questions
are only medium and easy category questions.

RESULT AND DISCUSSION

Characteristics of the Metacognitive Skill
Evaluation (MSE) Instrument on Environmen-
tal Change Material

The Metacognitive Skill Evaluation (MSE)
instrument product is described based on the in-
dicators of Figure 2.
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Self

Task

Strategy

Learning Strategy Planning
Implementation of Learning
Strategies

Building Information
Connections

Monitoring and Evaluation
Understanding Potential
Learning Independence
Metacognitive Experience
Providing Feedback

Knowledge

Regulation

Awareness

Responsiveness

Figure 2. Instrument Indicators Metacognitive
Skill Evaluation (MSE)

Metacognitive indicators in metacognitive
integrated questions include strategic knowledge;
cognitive task knowledge (including conditional
knowledge, contextual knowledge); and self-
knowledge. The composition of the final product
of metacognitive integrated questions develo-
ped based on the Metacognitive Skill Evaluation
(MSE) knowledge indicators is described in the
Table 10.

Table 10. Final Product Composition of Meta-
cognitive Questions Based on Knowledge Indica-
tors

Indicator MSE Number of Questions

Self 4
Strategy 4
Task 2
Amount 10
The metacognitive questionnaire was

compiled with several indicators adopted from
previous metacognitive questionnaires, and its
purpose was to perfect the existing metacogniti-
ve questionnaires. Patmawati et al., (2022) exp-
lains that students’ metacognition can be known
from students’ metacognitive activities which
are arranged into statements in a questionnaire.
Metacognitive activities include organizing infor-
mation, experiences, goals, and strategies in sol-
ving problems (Setyawati & Nur, 2022). Practice
of problem-based learning strategies in class can
increase student metacognition (Herlanti, et al.,
2017). Learning activities have also empowered
metacognition through the active role of students
planning, monitoring, and evaluating the teach-
ing and learning process (Nasrudin & Azizah,
2020).

The composition of the final product of
the metacognitive questionnaire developed based
on the Metacognitive Skill Evaluation (MSE) in-
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dicators is depicted in the Table 11.

Table 11. Final Product Composition of the
Metacognitive Questionnaire

Indicator MSE  Number of Questions
Knowledge 8

Regulation 16

Awareness 6

Responsiveness 5

Amount 35

Metacognitive indicators of self-knowled-
ge, meaning the extent to which students are awa-
re of the knowledge they have, knowledge that
is well understood, able to understand impor-
tant things, even things that are still considered
difficult for them. Knowledge of tasks, meaning
students need to have a broad understanding of
what is currently their task, for example by ha-
ving initial knowledge or having broad knowled-
ge so that they will be able to further analyze the
tasks they are facing.

Knowledge of the task can also mean kno-
wing about the effective time for him to study,
how to study according to the material he will
study, what he does after studying a material,
even how he has understood that his concentrati-
on on a task depends on the difficulty of the task.
Task knowledge leads individuals to remember
how he responds to the task at hand.

Strategic knowledge means that students
in the learning process have certain strategies so
that they can solve the problems being faced by
students. This strategic knowledge describes how
they can understand the most effective steps or
strategies in completing a task. This knowledge
will also assess whether the individual under-
stands the steps needed for him to do a task, in
addition this knowledge will be able to know the
reasons for each individual in completing the
task. Strategic knowledge also describes how a
person will remember what they know about a
task.

Learning strategy planning is students in
making a plan when completing a task. Impro-
ving student metacognition requires the right
learning strategy (Parlan, 2024). This planning is
in the form of preparing everything before star-
ting a task, designing the purpose of using a par-
ticular strategy that will be applied, re-applying
things that have been successfully done in comp-
leting a task, and making several plans when
completing the task. Ijirana & Supriadi (2018)
based on their research stated that metacogniti-
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ve activities that appear at the planning stage are
setting goals and choosing the right strategy. The
selection of this strategy shows that students have
understood what is needed to solve problems. Se-
veral aspects that can underlie self-regulation in
students include metacognition, motivation, and
positive actions (Widiastuty, et al., 2022).

The implementation indicator of learning
strategies describes the learner in carrying out
the planning that has been prepared when comp-
leting a task. The implementation in question is
that someone really understands the strategy that
students uses when completing a task. The per-
son really carries out the strategy according to
what he has planned from the beginning, in ad-
dition, when carrying out the task, the students
is orderly in reading the instructions/instructions
as part of a plan, even understands what other
people expect to understand when completing a
task or following a learning.

Building information connections descri-
bes himself when building various information he
has, in the form of how he will try to remember
the material that has been learned when starting
new material, understanding the difficulties in
themself to build information connections, and
connecting the knowledge they has with what
will be learned, and really understanding the re-
lationship between what is learned and everyday
life. Students recall past learning experiences and
relate them to the solving techniques that have
been learned including at the regulation stage
(Wider & Walton 2023). According to Palenna-
ri (2016) empowering students’ metacognition in
class contributes to their cognitive improvement,
because metacognition plays an important role
in cognitive activities, including memory in this
case related to mastery of concepts that he has
within a certain period of time.

Monitoring and evaluation describe the
process of evaluating and monitoring what stu-
dents have done. The statement is related to the
success of achieving goals, the ability to mana-
ge time, the ability to know achievements when
doing a task, and even a person’s habit of monito-
ring. Wider & Walton (2023) explain that in this
evaluation stage, students will consider whether
the answers given in completing a task are accu-
rate and logical. Monitoring and evaluating the
thinking process are very important to help stu-
dents become independent and more effective
students in understanding and applying biologi-
cal concepts (Majid, et al., 2024).

Understanding potential describes the ex-
tent to which a person understands their own
potential. When a person understands their po-
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tential, they will know their strengths and weak-
nesses, be able to use knowledge to overcome
difficulties or weaknesses, know and understand
things that are considered difficult, and be able
to predict possible obstacles or problems. Palen-
nari (2016) also stated that if students are aware
of what they are thinking, then the ability to re-
member the information received will last longer,
which is then related to their cognitive retention.

The sub-indicator of learning independen-
ce brings out the independent traits that exist in
a person, which are related to a person’s habit of
making notes about important information, ma-
king summaries of things that have been learned,
describing something as a tool to understand
something or making it into a diagram, and the
individual’s ability to motivate themselves.

Responsiveness in the form of metacogni-
tive experiences regarding several things that have
been experienced by a person related to the me-
tacognitive process in him, including regarding
a person’s thinking process when facing a task,
as well as alternatives to complete it, a person’s
ability to understand what has been conveyed,
and be confident in the efforts he has made. Ac-
cording to Parlan (2024), if a student is faced
with a certain phenomenon, he will activate the
components of his metacognitive knowledge, so
that they will be able to construct a scientific ex-
planation properly. Active learning based on the
initial knowledge that students already have will
link the initial concepts they have with real life in
students, then provide a fairly large opportunity
for more meaningful biology learning (Tegeh, et
al., 2021).

Feedback describes the process of giving
feedback on something, including how he gives
feedback to himself through others, changes cer-
tain strategies when he fails with what has been
done, rechecks, even his attitude that shows he
does not care about what he has tried. Radulovic,
et al., (2024) explains that by providing feedback,
students will be involved in reflective activities,
such as reflecting on the learning strategies they
use, the goals they have set, and the achievements
they have achieved, and students will become
more aware of their strengths and areas that need
improvement. Giving feedback is also said to be
a form of response to the metacognition process
during learning (Susantini, et al., 2019).

Effectiveness Metacognitive Skill Evaluation
(MSE) Instrument to Measure Students’ Meta-
cognition

Based on the large-scale trials that have
been conducted, the following are the results of
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the integrated metacognitive test scores obtained
by students, depicted in the Figure 3.

80

70 70 70 7070 7070

55 .
.50 - -

Respondents

Figure 3.Integrated Metacognitive
Scoring at SMAN 1 Jatiwangi

Question

The highest score was obtained by respon-
dents P1, P5, P9, P11, P12, P19, P24, and P25,
namely with a total score of 70, which means get-
ting a score of 100. Students who get the highest
score are able to understand the questions well,
and integrate the knowledge they have to answer
all the questions presented, so that students can
answer all the questions correctly. The lowest sco-
re is 10 obtained by P17 and P21, which means
getting a score of 14. Students are unable to un-
derstand what needs to be included when answe-
ring questions, and do not even understand the
direction of the question in question. Students
also tend to solve questions without a specific
strategy.

Based on this scoring, it can be clearly seen
that each student has a different way of thinking
in solving a problem. Students who get a score in
the medium category are P13 and P18 with a sco-
re of 54, meaning getting a score of 77. Students
in this category tend to be able to re-explain the
answers that have been written on the previous
metacognitive integrated questions calmly. Stu-
dents read carefully when answering questions to
remember the material that has been taught. Stu-
dents create strategies to answer questions.

The scores obtained by students in filling
out the integrated metacognition questions are
a picture of the level of metacognition in each
student. Students who get high learning out-
comes show that their metacognition is also well
developed, conversely students who get low test
scores have not developed well. The score then
becomes a guideline for teachers to be able to
create learning that can empower students’ me-
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tacognition, while improving learning outcomes.
Thus, it is known that student learning outcomes
describe the metacognition process that occurs or
develops in students. According to Fariah et al
(2024) when metacognitive awareness in students
is good, it turns out that their learning outcomes
are also in the high category. Therefore, there is a
correlation between metacognitive awareness and
learning outcomes.

The results of the integrated metacognitive
test scoring obtained by students in the large trial
at SMA Islam Al-Mizan shown in Figure 4.

80 69 69 67 69
64
70 . y .
54
(_5 60 51 50\ 49 53 . ﬁ52
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Figure 4. Scoring of Integrated Metacognitive
Questions at SMA Islam Al-Mizan

The highest scores were obtained by res-
pondents P15, P15, and P19, with a total score of
69, which means getting a score of 99. Students
who get the highest score are able to provide an
explanation of the answers given. Students are
able to describe the problems in the questions,
and understand the knowledge they have related
to the questions presented, so they can solve the
problems faced. Students are able to build good
information connections between the knowledge
that has been taught and the problems being fa-
ced, by reading the questions repeatedly, and re-
calling the knowledge they have previously had.
Students are also aware of their shortcomings, for
example realizing that the question that is diffi-
cult for them is question number 1, and students
are unsure of the answer given for question num-
ber 1.

The lowest score obtained by students is
10 obtained by P4, and P11, which means getting
a score of 14. Students tend not to understand
the questions well, so the answers given are not
on target. Students are unable to provide an ex-
planation of the method they use when solving
questions, meaning that participants in this cate-
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gory are still not aware of how to think or even
manage their thinking skills. Students who sco-
red in the medium category, namely P1 with a
score of 51, meaning getting a score of 73, and
P6 with a score of 50 meaning getting a score of
71. Students are able to explain their answers by
giving reasons for their explanations. Students
provide an explanation of the answer to question
number 10, namely how to manage plastic waste
by recycling waste. These students are aware of
the answer given with the reason that if plastic
waste is managed by burning it will cause other
problems, for example it can cause shortness of
breath. These students are sure of the steps taken
to solve the problem. Student boredom in answe-
ring questions, the form of questions, and super-
vision when students work on questions affect the
results of working on metacognitive integrated
questions (Najmabh, et al., 2024).

The results of the analysis of students’
metacognition levels based on the metacognitive
questionnaire scoring are presented in Figure 5.
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Figure 5. Metacognition Level Based on Meta-
cognitive Questionnaire Scoring

The analysis of the metacognitive questi-
onnaire score refers to Figure 5, it can be seen
that students with a metacognition level are said
to be well developed because students have been
able to understand the biology material that is
important to learn well, and then students will
carry out the learning process well. Students will
think about various things when faced with ques-
tions, and understand the best steps to answer
questions. The metacognitive level category of
this metacognitive questionnaire scoring is in line
with the scoring results on the metacognitive in-
tegrated questions. Students with a very well de-
veloped metacognition level also get high scores
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on the metacognitive integrated question test. At
SMAN 1 Jatiwangi, there are 11 students classi-
fied as very well developed metacognition, while
at SMA Islam Al-Mizan it is known that there are
9 students classified as very well developed meta-
cognition. There are 14 students classified as well
developed metacognition at SMAN 1 Jatiwangi,
and 9 students at SMA Islam Al-Mizan.

Several students at SMA Islam Al-Mizan
were found to be able to remember what they
knew and had learned when answering questi-
ons, but did not know for sure the strategy used
during the learning process. Students learn well if
they already know the biology material that will
be taught. Students read the instructions before
starting the assignment, and tend to recheck the
answers to the test questions they are working on.
This indication indicates that students’ metacog-
nition is said to be starting to develop, found in
7 students at SMA Islam Al-Mizan. The results
of the analysis of students’ metacognition levels
based on metacognitive questionnaire scoring
show that most students have mastered metacog-
nition in themselves. Several ways that can be
done to activate students’ metacognitive abilities
are through metacognitive empowerment in dai-
ly learning. This method will accustom students
to processing their metacognitive abilities, so that
they are increasingly honed. External factors
that influence students’ metacognitive abilities
include the family environment, school, commu-
nity, and socio-economic conditions (Najmah, et
al., 2024).

Proportion of Student Achievement

The proportion metacognitive question-
naire achievement in large-scale trials is in the
Table 14.

Table 14. Proportion of Student Achievement

Achievement Proportion

Metacognitive Metacognitive

School . .
Integrated Questionnaire
Questions (%) (%)

SMAN 1 72 80

Jatiwangi

SMA Islam 63 64

Al Mizan

Average 68 72

Based on Table 14 on the proportion of
student achievement, it is known that at SMAN
1 Jatiwangi, 72% of the metacognitive integrated
questions were able to be completed by students,
while at SMA Islam Al-Mizan, 63% of the me-
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tacognitive integrated questions were able to be
completed. These data illustrate that most stu-
dents have managed their cognitive abilities to
complete the existing questions. Students know
their level of achievement during the biology
learning process, and will remember what has
been learned. Students are aware of connecting
the knowledge they have with everyday life. The-
se results are in line with the achievement propor-
tion of the metacognitive questionnaire, namely
80% of the achievement proportion at SMAN 1
Jatiwangi, and 64% of the achievement proporti-
on at SMA Islam Al-Mizan. Students are accus-
tomed to motivating themselves to be active in
studying biology, and some of the students make
summaries of the material that has been studied.
Based on the achievement proportion, the pro-
duct developed has met the requirements for the
achievement of a product.

Knowledge Indicator Achievement

The achievement of knowledge indicators
as part of metacognitive indicators carried out in
large-scale trials can be seen in Figure 6.
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Figure 6. Achievement of Knowledge Indicators

Based on the Figure 6, the self-sub-indica-
tor at SMAN 1 Jatiwangi has an achievement of
85%, the task sub-indicator has an achievement
of 80%, and the strategy sub-indicator has an
achievement of 78%. SMA Islam Al-Mizan has
an achievement of 69% in the self-sub-indicator,
the achievement of the task sub-indicator is 63%,
and the achievement of the strategy sub-indica-
tor is 67%. The self-sub-indicator is the highest
achievement in both schools compared to other
knowledge sub-indicators with the highest achie-
vement of 85%. The lowest achievement based
on the overall data is in task sub-indicator.

Achievement of Regulatory Indicators
The achievement of regulatory indicators
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as part of metacognitive indicators carried out in
large-scale trials can be seen in Figure 7.
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Figure 7. Achievement of Regulatory Indicators

Based on the Figure 7, it can be seen that
the sub-indicator of learning strategy planning at
SMAN 1 Jatiwangi has an achievement of 82%,
the sub-indicator of learning strategy implemen-
tation has an achievement of 78%, the sub-indi-
cator of building information connections has
an achievement of 80%, and the sub-indicator of
monitoring and evaluation has an achievement
of 81%. According to Feyzioglu, et al.,(2018)
that not only new knowledge but metacognitive
monitoring allows to improve prior knowledge. If
students can make decisions about whether pri-
or knowledge is wrong or right, then the indivi-
dual will be able to realize certain mistakes that
have been made. Therefore, in this monitoring
and evaluation indicator, knowing students after
completing the activity whether they recognize
that there are errors in prior knowledge.

SMA Islam Al-Mizan has an achievement
of 66% in the sub-indicator of learning strategy
planning, achievement of the sub-indicator of
learning strategy implementation 64%, achieve-
ment of the sub-indicator of building information
connections 63%, and achievement of the sub-in-
dicator of monitoring and evaluation 61%. The
sub-indicator of learning strategy planning is the
highest achievement in both schools compared to
other regulatory sub-indicators with the highest
achievement of 82%, and the lowest achievement
based on overall data is in the sub-indicator of
monitoring and evaluation. Students who are
able to plan learning strategies and make learning
adjustments according to their needs are basically
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classified as having good metacognitive abilities.
(Najmah, et al., 2024). They will be aware of
how they learn, monitor their learning progress,
and regulate their cognitive activities (Azevedo,
2020).

Achievement of Awareness Indicators

The achievement of awareness indicators
as part of metacognitive indicators carried out in
large-scale trials can be seen in Figure 8.
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Figure 8. Achievement of Awareness Indicators

Based on the Figure 8, it can be seen that
the potential understanding sub-indicator at
SMAN 1 Jatiwangi has an achievement of 79%,
and the learning independence sub-indicator has
an achievement of 57%. SMA Islam Al-Mizan
has an achievement of 80% in the potential un-
derstanding sub-indicator, and the achievement
of the learning independence sub-indicator is
63%. The potential understanding sub-indicator
is the highest achievement in both schools com-
pared to other awareness sub-indicators with the
highest percentage of 80%, and the lowest achie-
vement is the learning independence sub-indica-
tor in both schools with the lowest percentage of
57%. Awareness of metacognition contributes to
increasing student self-efficacy (Bouknify, 2023).

Achievement of Responsiveness Indicators

The achievement of the responsiveness
indicator as part of the metacognitive indicators
carried out in large-scale trials can be seen in Fi-

gure 9.
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Figure 9. Achievement of Responsiveness Indi-
cators

Based on the Figure 9, it can be seen
that the sub-indicator of cognitive experience is
SMAN 1 Jatiwangi has an achievement of 76%,
and the feedback sub-indicator has an achie-
vement of 82%. SMA Islam Al-Mizan has an
achievement of 64% in the cognitive experience
sub-indicator, and an achievement of 72% in the
feedback sub-indicator. The potential understan-
ding sub-indicator is the highest achievement in
both schools compared to other awareness sub-
indicators with the highest percentage of 80%,
and the lowest achievement is the learning inde-
pendence sub-indicator in both schools with the
lowest percentage of 57%.

The improvement of students’ metacogni-
tive knowledge must be considered by teachers in
order to obtain more optimal learning outcomes
(Januarti, et al., 2022). Metacognition has the
potential to improve learning significantly, espe-
cially the intellectual abilities of students (Jamal-
uddin, et al., 2023) Metacognition is part of the
main contributors for the academic achievement
of students (Sukarelawan, et al., 2021).

Teachers must be able to create a learning
process that leads their students to organize their
own learning process, be able to identify their
respective learning needs, so that students will
be encouraged to make positive changes with the
independent learning process activities carried
out (Azmi, 2016). Another opinion states that
the higher the learning outcomes obtained by
students, the better their metacognitive level will
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be. Students will be more competent in terms of
metacognition abilities when their value increa-
ses (Fauzi & Sa’diyah, 2019). According to Syah-
mani et al., (2023) this metacognitive is very im-
portant in increasing conceptual understanding.

Level of Instrument Ability in Measuring
Metacognition

The purpose of developing a measurement
instrument is certainly expected to be able to be
used well in the process of measuring the meta-
cognitive aspects of students in the Environmen-
tal Change material. To find out how much the
instrument’s ability is in measuring students’ me-
tacognition, it is analyzed using the IBM SPSS
Version 26 program through factor analysis, the
Total Variance Explained (dimension factors that
can be formed) can be known so that the percen-
tage of the instrument’s ability can measure the
specified aspects. Total Variance Explained is
said to be good if its value is more than 60%. The
results of the Total Variance Explained analysis
shown in Table 14.

Table 14.Total Variance Explained Analysis

Total Variance Explained
Measurability (%) KMO

MSE Instruments

Integrated Ques- 73.362 0.875
tions Metacognitive

Metacognitive 82.123 0.578
Questionnaire

The developed metacognitive integrated
question instrument can measure metacognitive
aspects because it has a measurable percentage
of up to 73.362% and has a KMO of 0.875. If
the KMO value is more than 0.5, then the va-
riables and samples used allow for further ana-
lysis. A good KMO limit is > 0.5. The developed
metacognitive questionnaire instrument also has
high measurable percentage and KMO results.
The measurable percentage of the metacognitive
questionnaire is up to 82.123% and has a KMO
of 0.578, so it can be concluded that the develo-
ped metacognitive questionnaire instrument also
has very good ability in measuring the expected
metacognitive aspects.

The data was also analyzed to determine
the Reproduced Correlations which show the va-
lue of the instrument fit of the developed instru-
ment product. The results of the Reproduced
Correlations of the instrument fit must be below
50%. The results of the Reproduced Correlations
on the metacognitive integrated question instru-
ment developed have a value of 48%, and the me-
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tacognitive questionnaire has a value of 20%, so
it can be concluded that the developed instrument
has entered the fit category.

So, MSE instrument can be used to measu-
re metacognition in studentts. Abdullah, et al.,
(2021) stated that the development of this meta-
cognitive turned out to be effective in supporting
the 21st century learning paradigm. Similar to the
results of research from Fauzi & Sa’diyah (2019)
Metacognitive empowerment in science learning
is one of the success factors in 21st century lear-
ning.

CONCLUSION

Based on the results on the development
of Metacognitive Skill Evaluation instruments in
biology learning Merdeka Curriculum, it can be
concluded that the Metacognitive Skill Evaluati-
on (MSE) instrument product consists of 4 indi-
cators, namely knowledge, regulation, awareness,
and responsiveness, which include metacognitive
integrated questions and metacognitive question-
naires. The instrument also effectively measure
students’ metacognition, with proportion of me-
tacognitive integrated question achievement is
68%, and the proportion of a metacognitive ques-
tionnaire instrument achievement is72%. The
percentage of metacognitive integrated questions
is 73.362%, with a KMO value is 0.875, and the
fit category as a measurement instrument is 48%.
The percentage of metacognitive questionnaire
measurability is 82.123%, with a KMO value
is 0.578, and the fit category as a measurement
instrument is 20%.
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