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Abstrak: Biology is so complex that it has to be studied in different ways and focuses on processes. Self-
regulation skills in learning are important metacognitive skills for students in studying Biology. Learning
models that train strategic students in learning are a must so that they gain meaningful learning experiences
through the process of exploration, analysis of new information carried out in learning by applying self-
questioning strategies to monitor why new information can be trusted. The results of the synthesis between
old knowledge and new knowledge are enhanced through peer coaching in class. This research was con-
ducted to develop an EAQD-PC learning model (exploring, analyzing, questioning, defining peer coaching)
and tools that are valid, practical, and effective. The model development procedure includes the preliminary
research stage, the prototype stage, and the assessment stage. Model validation data was collected using
expert validation instruments. While the practicality of the model components is measured by the imple-
mentation observation sheet. The effectiveness of the model was measured using a metacognitive skill test
and a questionnaire. This model is applied to students majoring in Biology Education at Muhammadiyah
University of Bone, even semester 2019/2020. The results showed that the components of the EAQD-PC
model (a) with a value of 3.87, and valid learning model supporting tools with a value of 3.83, (b) practi-
cality with a value of 3.89 and (c) effectiveness with a value of 3, 97. This study proves that the EAQD-PC

model is practical and effective for training students' metacognitive skills.
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INTRODUCTION

In the 21st century students are faced with the challenges of extreme global competition, knowledge and tech-
nology develop automatically [1]. This condition is a challenge for the education system to equip students with
21st century skills and student teacher candidates must be equipped with 21st century knowledge and skills so
that they are competent and successful in life and careers [2]; one of these skills is critical thinking skills as a
metacognitive process [3].

Research shows that the learning approach in Indonesia is generally not oriented to the learning process
that trains the 21st century skills of prospective teacher students [4], [5], [6], [7]. Their lecturers (including
biology lecturers) only focus on the subject matter and the completeness of the sub-sub-discussions of the
material. they ignore the development of learning skills in their learning. This approach to learning ignores

strategies to help learn how students learn to understand. Tanner[8]'s findings about the claim of most lecturers
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that their job is only to teach biology, not teaching learning strategies. Student claims are equally bad that the
biology course is a rote course about facts and scientific names [9], . Therefore, learning biology needs an
approach that makes a difference and is more effective to improve the 21st century skills of prospective biology
teacher students [10], [11]. One of the skills in question is metacognitive skills (self-regulation).

Metacognitive skills help students strategically in approaching assignments and improve their critical
thinking and creative thinking skills in learning [12]. Metacognitive skills are important because they help
students learn strategically independently [13] so that it is easier to understand new and even more complex
information [3]. Therefore metacognition is very important for biology students to analyze the complexities of
biological systems which include multilevel interactions of “structure, behavior and function” [14] and are
difficult to relate to real life [9] [15], [16]. For this reason, metacognition skills are needed for learning biology,
especially plant physiology. Plant Physiology as one of the compulsory subjects for prospective biology
teacher students. The complexity of this course facilitates the training of metacognitive skills. Thus, plant
physiology and metacognition are an excellent match between learning tools and those who want to be studied.
The complexity of the two forms a symbiotic relationship of mutualism in facilitating each other's success in
achieving each other's results.

For example: in this study, students were divided into two very different story options (inspired by Tanner
[8] which was also inspired by Ertmer & Newby [17]. Imagine yourself as a lecturer in plant physiology biol-
ogy; - at the end of this study, before the assessment was given Nina (a pseudonym) stated that she was very
excited, she learned very well therefore she could answer any question when asked. He felt that he had made
all efforts to complete the reflection of his learning results very well. She studied very hard so she wanted
good grades. Unlike Nurisa, she said that she was not initially interested in this approach, and the material
was also difficult to understand she said the first meeting of the second she was very confused because it was
difficult to understand the material and the approach/model used was also difficult to do but she continued to
learn, looking for explanations relevant to the themes learned from the internet and from other learning re-
sources and asked for explanations related to the model and finally at the third meeting he began to understand.
She said I was very happy she said this new model not only taught us Plant Physiology but more importantly
we were taught how to learn, we were taught critical thinking. he hoped that this could be applied to other
courses. These college students don't care about the end-of-semester grades. The two of them are very different
in using the way of learning to learn (metacognition approach) in their learning.

Based on the example of the two students, it shows that metacognition is very important for prospec-
tive teacher students to produce teachers who have metacognitive skills -metacognitive knowledge and reg-
ulation to become effective learning — able to design, monitor and ~ assessing learning for its success [18], [19].
Metacognition can also overcome the bad habits of students who have a tendency to stop learning before they
fully understand what they are learning [20]. Metacognition helps students not to survive in an unproductive
approach [8] because with metacognition skills (knowledge, regulation and metacognition experience) stu-
dents are able to self-regulate their learning [21] for which students must be taught metacognitive strategies,
through an explicit, and wise approach - that is, integrating metacognition into the structure of biology learning
and even learning anything so that they are aware of when and where a metacognitive strategy is used — for
example identifying what they have not understood in a previous task [22], [23]. This allows metacognition to
become part of the language and daily habits of lecturers and students.

To answer the challenges of the automatic development of digital knowledge and technology today. It
requires teachers and or prospective teachers who have metacognitive awareness and skills. To meet the need

for metacognitive teachers, it is the prospective teacher (teacher) students who must be prepared and trained
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in advance so that they have metacognition awareness and metacognitive skills. To realize these expectations,
an explicit and wise metacognition integrated learning approach is needed through the development of learning

models to train student metacognition.

The metacognitive integrated learning model that the author intends to train student metacognition is the
EAQD-PC learning model. What and why EAQD-PC? Let's see why! EAQD-PC is an acronym for exploring,
analyzing, questioning, defining, and peer coaching. This EAQD-PC instructional model was developed to be
one of the effective options in training metacognition skills (knowledge and regulation and experience of met-
acognition [24] students, these three aspects of metacognition can be distinguished but inseparable because
they work complementary so that each aspect is equally important without being excluded. Those metacogni-
tion attributes become each stage of the model's syntax; - exploring (E). Exploration is an inquiry process
guided by curiosity and driven by reflective critical thinking [25] is a strategy for building knowledge of
student metacognition by digging deeper [27], [28], [29], [30], [31] and assessed that exploring is one of the
indicator of creative thinking because in the process of exploration new ideas are discovered [32], [33], [34],
analyzing (A) at this stageis carried out clarification and analysis of the results exploration of things taken
from how science scientists work- for example in science learning students must understand how science sci-
entists work in making observations of natural phenomena by observing and comparing, hypothesizing
(the process of analyzing) and formulating explanations in finding valid answers and questioning (Q) is a
strategy of training students' metacognitive knowledge and regulation so that they do not stop learning before
actually mastering [20] at this stage also students are trained to plan and evaluate their learning [6]; defining
(D) is a strategy for knitting metacognition experiences [35], [21] and finally peer coaching as a strategy to
reflect the results of all stages of the model [36], [37]. Therefore, the development of this model aims to
facilitate the training and development of student metacognition.

1. Method

This research is a research and development patterned on the development model of [38]. The de-
velopment procedure is carried out through three stages; first the preliminary research stage, the second

stage of making the basic form of the model, and finally the assessment stage.
I.I1. Preliminary research stage

In this preliminary research, a study of several supporting aspects needed for model developers was

carried out, along with the studies carried out;

a. identifying the learning model used by biology education lecturers, Faculty of Education and Science,
University of Muhammadiyah Bone, South Sulawesi Indonesia. At this stage, a study of relevant learning
theories was also carried out as the basis for developing the EAQD-PC model. Empirical studies were also
conducted with interviews about course learning tools. The results of this study become a conceptual
framework for the development of the EAQD-PC model to be applied in training students' metacognitive
skills.

b. reviewing the profile of students' metacognitive skills. Student metacognitive skills profiles are obtained
by using a questionnaire of metacognitive skills synthesized by students.

c. needs analysis of learning tools used by biology lecturers. The learning tools analyzed include: Semester
Learning Plans, Learning Program Units, and Student Activity Sheets. The results of the analysis are used

to develop new learning tools that support the development of the EAQD-PC model to be applicable.
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d. analyzes the development of instruments. Analysis of instrument development theory is carried out to form
the basis of new learning tools according to the characteristics of the EAQD-PC model for the validity,

practicality and effectiveness of the model.

1.2. Prototyping stage

The prototyping stage consists of the design stage, the realization of the prototype construct, as well as
the validation and revision of the product. The activities carried out at this stage are to design the components
of the EAQD-PC model which are from syntax, social systems, reaction principles, support systems — such as
learning conditions when implementing the model which includes classroom management, learning systems
and tools or media, and the impact of instructional and accompaniment impacts. Product validation format and
modified observation sheet from [39]. The design of the instrument consists of a questionnaire of the meta-
cognitions of Schraw & Dennison [40] and refers to the self-question developed by Tanner [8]

Prototypes that have been created and acted upon into the application of learning. Phase | produced the
basic prototypes of the EAQD-PC model, learning tools and research instruments. The form of the EAQD-PC
learning model is in the form of: (1) syntax as learning stages; (2) the establishment of a social system; (3)
regulation of the principle of reaction; (4) instructional impact; (5) the establishment of support systems;(6)
the regulation of the social system of instructional impact. The devices used to realize the EAQD-PC model
consist of (1) SAP, the structure includes identity, learning objectives, indicators, learning models, learning
stages, learning tools, learning resources and assessments, and (2) MFIs. Application of research instruments
(1) validation sheets, (2) observation sheets, (3) student questionnaires, (4) inventory (5) metacognitive skills
instruments.

The activity carried out at the validation stage is to validate and revise prototype 1 to produce prototype
2 by two learning model experts and one Plant Physiologist. Validated prototypes are piloted at the assessment
stage. Learning tools, draft model books and research instruments in the validation process are revised accord-

ing to expert advice. Product validation categories can be shown in Table 1.

Table 1. Product Validity Category

Criterion Category
1< Va<?2 Invalid
2<Va<3 Less valid
3<Va< Quite valid
4<Va<5b Valid
Va=5 Very valid

Va = average score

Small group trials were carried out as many as three meetings on cell biology material (mandatory courses
before the Plant Physiology course) to identify possible problems that would arise in the process of applying
the EAQD-PC model. Revisions were made once again according to the results of small group trials and the

advice of expert validators. The second revision resulted in prototype 2.

1.3. Assessment Stage
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The assessment stage aims to determine the practicality and effectiveness of the EAQD-PC learning model.
Model practicality data is data on the suitability of model components with the process of implementing a
model into learning. The data on the effectiveness of the model were obtained from the N-gain value achieved
after the learning model was applied and from the responses of lecturers and students during the learning
process with EAQD-PC. The EAQD-PC learning model was applied to the Plant Physiology course 11
times. Five observers observed the model implementation process. The implementation uses a one group
pretest-post-test design see in figure 1. Pretests are carried out before treatment is carried out to test students'

metacognition skills.

01 Pretest X (Treatment (EAQD-PC)) ]—{ 02 Posttest }

Figure 1. Research Design [41]. EAQD-PC: Exploring, Analyzing, Questioning, Defining — Peer Coaching

2. Participants

The participants in this experimental study were 33 students (from class A) who were registered in the
2019/2020 semester at the Department of Biology Education, University Muhammadiyah Bone, South
Sulawesi, Indonesia. All participants agreed to participate in the study before a pretest was given. Vice
Chairman of the Academic Section of University Muhammadiyah Bone (N0.210/ KET / 11.3.AU / A / 2019).

3. Data analysis

The practicality of EAQD-PC can be determined if consistency between the intended perception (IP) and the
intended operation (10) is obtained from validators and observers. The IP obtained from the validator and the
10 obtained from the observer meet the criteria of the measurement table. The measurement table can be seen
in Tabel. 2

Table 2. Criteria for the practicality of the product

IP value interval Category
1< LP<2 Impractical
2< LP<3 Less Practical
3< LP<4 Medium
4< LP<5 Practical

LP=5 Very Practical

Description: Practicality level
The effectiveness of EAQD-PC is assessed based on students' metacognitive skills after training
through the application of the model. Results of pretest and posttest metacognitive skills analyzed uses

normalized gain to get an N-gain score. The categorization of N-gain analyses is presented in Table 3.

Table 3. N-gain score criteria

N-Gain Score Criterion

030 =g Low
0.70 = g>0.30 Medium
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G >0.70 Tall

EAQD-PC is considered effective in training students' metacognitive skills if the mean N-gain value is
reached > 0.30 or is in the medium or high category. The effectiveness of the learning model is also determined
based on the responses of lecturers and students The model is declared effective if 70% of students give a
positive response to the model and a positive lecturer response of at least 70% of the questionnaire items from

each aspect studied.

3. Result
3.1. Preliminary Research
3.1.1. Preliminary Investigation of Learning Models

The survey results show that most lecturers apply a constructivist learning approach. The results of the
syllabus analysis from several different institutions almost entirely use conventional integrated cooperative
learning models and problem solving, namely lecture methods combined with group tasks to be discussed and
presented in front of the class. But here problems arise in group assignments because most students become
irresponsible for their own learning. Most of them do not actively participate in completing tasks but only
write their names on the paper. This also has an impact on the absence of mutually beneficial interdependence
between students. Finally, social-emotional discomfort arises between students in a group. Another negative
impact is that judgments are not objective. Based on the results of observations and interviews, the
development of independent learning through metacognition training [13], [15] proved indispensable for all
content and levels of Education.

The EAQD-PC learning model was developed to meet those needs. This EAQD-PC learning model aims
as a tool to train students' metacognitive skills. This model was developed based on constructivist learning
theories, - such as Piaget's theory of cognitive development, Vygostky's theory of social interaction, Jerome
Brunner's theory of discovery learning, Gagne's theory of information processing, and Ausubel's theory of

meaningful learning [42], [43] These learning theories aim to build learning independence for each student.
3.1.2. Profile of Student Metacognitive Skills

In general, students of biology education Muhammadiyah Bone University South Sulawesi
Indonesia, have a metacognitive skills score in the moderate category. The results of statistical
analysis show that there is no difference between other universities. These findings form the basis
that the learning process must be empowered and improved through the development of learning
models that are integrated with higher-order thinking skills, especially metacognition.
Metacognition is integrated into the learning curriculum to train students to support their success
in learning.

Most of the students of Muhammadiyah Bone University have exploration power in learning
in the medium category 44 (80%), only a few are in the high category 5 (9.1%), and almost all
categories in the low category 6 (10.1%). These findings illustrate the importance of training in
learning how to learn (metacognition), learning to reason and analyze in learning. Independent
learning integrates metacognition into learning through the development of learning models. This
aims to train students' metacognitive abilities to be successful in learning and become exploratory

independent learners.
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3.1.3. Observation results of Learning Tools

The results of the observation of learning tools show that lecturers have equipped themselves
with learning tools in the form of syllabus, SAP, MFIs and assessment tools. However, the device
has not facilitated the training of students' metacognition skills. MFIs have not fulfilled the
awareness of metacognitive consciousness so they cannot train students' metacognitive abilities.
Assessment still focuses on cognitive assessment of memorization (C1), comprehension (C2) and
application (C3).

3.1.4. Observation results of learning instruments

The development of the EAQD-PC model begins with the theory of learning development to
support the achievement of the validity, practicality, and effectiveness of the EAQD-PC model. The
validity of the model device is measured through expert and practitioner validation using validation
sheets. The practicality of this model is measured through the assessment and application of the
EAQD-PC learning model. The measurement instruments used are metacognitive tests and ques-

tionnaires, lecturer questionnaires and student questionnaires.

3.2. Prototyping phase
3.2.1.  Product Development

The steps of learning activities carried out in the EAQD-PC model consist of exploiting, analyzing,
questioning, defining, and peer coaching (PC) activities as reflections. Activities based on model

syntax are shown in Table 4.

Table 4. Student Activities on EAQD-PC

Syntax Student Activities

Exploring Students explore content outside of class hours guided by questions (cognitive strategies) to control
understanding of the text and the limit of comprehension achievement (metacognitive strategies);

Analyzing Further analyze the exploration results that have been recorded which are also guided by questions
(metacognitive strategies) to monitor the understanding of the text;

Questioning Again the question is done to assess understanding both to make cognitive progress (cognitive strate
gies), and to monitor them (metacognitive strategies)

Defining Students build understanding of the text being explored by paraphrasing the text from their explora-

Peer Coaching

tion and continuing to monitor the suitability of meaning
Students guide each other and foster each other in advancing and monitoring their cognitive under-
standing. This stage as a process of reflection of the results of all stages.

Developed by researchers

3.2.2. Expert Validation Results

Professionals evaluate the EAQD-PC learning model to assess the feasibility of model
components, support systems, syntax, social systems, roles and duties of lecturers in the
implementation of learning, support systems and learning impacts. The results of expert validation


https://doi.org/10.20944/preprints202212.0430.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2022 d0i:10.20944/preprints202212.0430.v1

stated that the model was valid with a score of 3.87. This suggests that the model requires only
minor revisions. The validation results are shown in Table 5:

Table 5 Model Component Validation Results

Evaluated Aspects Average Score Criterion
Supporting Theories 3,90 Valid
Model Structure 4,00 Valid
Syntax 3,91 Valid
Social System 3,87 Valid
Reaction Principle 3,84 Valid
Support System 3,81 Valid
Instructional impact and accompaniment impact 3,99 Valid
Implementation of Learning 3,89 Valid
Learning environment and task management 3,79 Valid
Evaluation 3,77 Valid
Total average score 3,87 Valid

Based on Table 5, it is concluded that the components of the EAQD-PC model have covered all aspects
of learning. Expert suggestions for syntax revision to make it simpler but facilitate students' metacognition
training. Along with the revision of the model syntax, the language was simplified to make it easier for students
to understand. In conclusion, EAQD-PC is valid and can be applied in classroom learning. All model
instruments (SAP, and MFI) were also declared valid with a score of 3.58 and 3.58 and 3.87, respectively. The

validity of the lecturer and student questionnaires is also confirmed to be valid.

3.2.3. Instrument Validation Results

The metacognitive skills test consists of 15 essay questions on Plant Physiology. The validation test
results include a valid instrument (10 questions) with a score of 0.329 - 0.679 as seen in appendix A and the
instrument can be seen in appendix B. reliability test also denotes a reliable instrument with a value of r =
0.548.

3.3. Assessment Stage
3.3.1.Practicality of EAQD-PC Learning Model

Model practicality data consists of the effectiveness of the model and the practicality of the learning

process using the EAQD-PC model.

1. Practicality of EAQD-PC Components

The results of the feasibility test in terms of the practicality of the model =~ components consisting of the
EAQD-PC syntax, social system, reaction principle, and support system can be seen in Table 6.
Table 6. Feasibility of EAQD-PC Components
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Meeting Feasibility of EAQD-PC Model Components

No. Syntax Social System Reaction Principle Support System Average

1 4,47 4,11 4,00 4,39 4,24

2 4,49 4,09 4,01 4,42 4,25

3 4,54 4,14 4,36 4,53 4,39

4 4,58 4,21 4,69 4,55 4,59

5 4,65 4,25 4,71 4,67 4,64

6 4,69 4,26 4,68 4,59 4,55

7 4,76 4,27 4,73 4,71 4,47

8 4,78 4,45 4,75 4,85 4,65

9 4,79 4,47 481 4,76 4,67

10 481 4,55 4,80 4,38 4,66

11 4,89 4,59 481 4,75 4,76

Average score 4,467 4,30 4,57 4,60 4,53

Table 6 illustrates that the EAQD-PC component scored 4.53 in terms of practicality which suggests that the
EAQD-PC learning model is feasible because it is practical.
2. Practicality EAQD-PC Model Syntax

The results of observations into the practical implementation of EAQD-PC can be seen in Table 7.
Table 7. Practicality of EAQD-PC syntax

No. Exploring Analyzing Questioning Defining  Peer Coaching Average
1 4,29 4,39 4,49 4,09 4,59 4,54
2 4,31 4,31 4,83 4,15 4,58 4,47
3 4,42 4,72 4,53 4,27 4,59 4,51
4 4,48 4,61 4,51 4,39 4,68 4,54
5 4,57 4,62 4,58 4,37 4,81 4,59
6 4,58 4,61 4,73 4,49 4,79 4,64
7 4,56 4,52 4,75 4,51 4,78 4,61
8 4,69 4,49 4,60 4,53 4,82 4,63
9 4,68 4,49 4,78 4,29 4,79 4,57
10 4,72 4,45 4,72 4,36 4,81 4,66
11 4,73 4,36 4,69 4,67 4,71 4,68

Average 4,55 4,50 4,65 4,39 4,69 4,57

Table 7 illustrates that the mean scores obtained at each meeting are different. Even though there
was a decrease at the 7th meeting. The total average score of syntax feasibility was 4.57. This proves
that the EAQD-PC syntax is practical.

3.3.2  Effectiveness of the EAQD-PC Learning Model


https://doi.org/10.20944/preprints202212.0430.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2022 d0i:10.20944/preprints202212.0430.v1

The effectiveness of the EAQD-PC model data was obtained through the homogeneity test of
metacognition skills tests, the implementation of EAQD-PC. The test results show that the students'
post-test mean scores are higher than the pretest scores shown in the Table 8.

Table.8 Ancova Test Result

Learning model Mean Score N-Gain category
Pretest Post-Test
EAQD-PC 46.77 88.46 0.50 Medium

Table 8 shows that students experienced an increase in metacognitive skills by 41.69% after participating
in learning with the EAQD-PC model. The student's N-gain score is in the moderate category (0.50). That,
illustrates that EAQD-PC can effectively improve students' metacognitive skills.

The effectiveness of EAQD-PC is also evidenced by the positive questionnaire of lecturers and students
on the syntax of the EAQD-PC model. The average student response score was 3.36 and the average lecturer
response score was 4.97 for syntax, 4. 98 for social systems, 4.90 for reaction principles, 4.95 for support systems,
and for impact instructional 5.00, as well as 4.93 for accompaniment impact. This data shows that the responses

of students and lecturers is positive to the EAQD-PC learning model.

4. Discussion

The results of the study prove that EAQD-PC is valid, effective, and practical in training students' metacognitive
skills with the medium n-gain category. The results of the analysis of data questionnaire responses of students
and lecturers on EAQD-PC were positive. These findings suggest that the EAQD-PC can be a medium for
learning discovery through exploring (investigating and searching) content. Students' metacognitive skills scores
increased after going through training learning facilitated by the EAQD-PC model. The discovery learning
experience is facilitated with a learning model syntax based on metacognition strategies at each stage (exploring,
analyzing, questioning, defining, and peer coaching).

The first stage of exploration: students learn to explore or dig deeper into the content by investing time to
learn repeatedly which ultimately explores to learn to discover. Discovery arises from the accumulation of
learning experiences and this supports the development of their ability to learn independently [44], [45]. Because
the best learning is through doing and actively exploring [46], [47]. Bruner states that children who are able to
actively solve problems are also capable of exploring [48].  This activity is expected to become a habit and
daily classroom culture [8] to always explorative in reading [49], [50] using metacognitive strategies [51]. The
construction of knowledge gained in the exploration process is guided by cognitive strategies and metacognitive
strategies (self-questioning) so that it is no longer monotonous when reading [52], [53]. For example, a student
may have knowledge about the importance of water for plants (declarative), but have difficulty in helping plants
prevent the transpiration process from occurring in a excessive (procedural knowledge) [44]. Self-
monitoring in exploration requires critical thinking [11] and reflective thinking to become independent learners
[19] [29] The exploration stage aims to build their knowledge through reading with metacognitive controls [54].
Thus, through this stage of exploration, students are trained to no longer be monotonous when reading.

Secondly, analyze, at this stage students are trained to learn to analyze. Then analyze to learn to understand
the meaning of reading. Content lives in the form of thinking and dies when one reads it without analyzing or
thinking [55], [56] Because reading is understanding the meaning of what is read [54] This process of analyzing

not only aims to check understanding [49], [57] but also to check the correctness of the achievement of
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understanding [58], [59] In this process, students are stimulated to ask themselves how far they understand the
content they are exploring.

Third, the questioning stage, this stage is integrated into all stages. Therefore, this stage has a dual role,
firstly as a cognitive strategy to achieve understanding of the text in exploring and analyzing the content; second,
as a metacognitive strategy to control and develop the achievement of cognitive goals [18], [60] Self-
questioning is an important aspect of metacognitive skills for students to address comprehension problems in
exploratory learning — such as: What is my previous knowledge that can help me understand this content? Self-
questioning is referred to as a personal attribute skill that is useful for encouraging students to learn better [61]
The practice of exploring lessons through this questioning stage gives students two advantages; First, they
become possessed of learning skills to learn, skillfully wondering-for example: What is effective in making it?
Why is that? How is the process going? etc; secondly, cognitive intelligence and their metacognitive intelligence
develop together.

Fourth, Defining stage (D) Learning exercises from the first stage to the third stage. The three stages of
this model provide some accumulated learning experiences for learning. Students who were initially unfamiliar
with this learning model, but by continuing to practice learning to explore, learn to analyze and learn to ask one,
two, three times, finally they understand and realize that they have learned effectively as a result of accumulated
experience from practice after practice. The accumulation of these exercises gives them an understanding of the
content in order to form a new understanding of the material they are studying. This can be achieved through
the selection of self-regulatory strategies in effective learning [62] The understanding that has been gained
allows students to redefinition to provide editorial and new understanding of the information received from
subject matter. This is where the importance of metacognitive strategies in learning comes in. ~ So, this EAQD-
PC class is a student development laboratory - as John Dewey said that schools are stress-free human
development laboratories [63] where students are free to explore. Mistakes or failures are only seen as part of
the learning process, not offenses or crimes that should be punished.

Fifth, peer coaching (PC), at this stage students learn to become coaches and then become coaches to learn.
This stage is a reflection of all stages of the EAQD-PC model that has been carried out by students. Here, in
conducting peer coaching, students' personal and social metacognitive intelligence is honed to become skilled
in collaborating [64], [3]. Ladyshewsky [65] ) claims that peer coach (PC) is one of the experiential learning
techniques that allows to add depth to student learning. This experience is expected to encourage students to
become active learners independently throughout their lives. Findings from several studies prove that peer
coaching facilitates effective learning [67], [68] significantly improves student learning success [69], [70] The
application of peer coaching (PC) can be done in early childhood — as Sharon did in Donegan [71] has managed
to help children with disabilities change in a positive direction. Individuals as social beings always need support
from various parties, such as colleagues, classmates to develop themselves, build self-confidence with the
support of friends. Self-confidence facilitates self-regulation and active and independent learning throughout
life [72] Peer coaching is a very effective approach [66] and has the potential to encourage collaborative
interaction between students through mutual coaches to reflect on the results of their exploration.

Based on this previous description, it shows that the EAQD-PC model developed that integrates
metacognition training into the learning curriculum as a form of intervention that has the potential to improve
student metacognition. Researchers expect biology education students to have metacognitive awareness and
skills so that they become independent learners. The results of this study are expected to provide information to

readers who want to conduct relevant research.
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5. Conclusion

The results of this study found that the metacognition skills of Biology Education students of
Muhammadiyah Bone University are generally in the medium category, very few are in the high category, but,
also only a few in the low category. Analysis of the learning curriculum shows that lecturers have not integrated
their learning with metacognition training. The learning process in higher education really needs to be integrated
with metacognitive skills training to improve students' metacognitive skills. Learning interventions through
innovative approaches that encourage learning responsibility to become a burden and responsibility for students
independently. Learning interventions are needed to train and improve students' metacognition skills. This model
also increases students' academic success in terms of mastery of content. The EAQD-PC learning model
developed in this study has proven to be valid, practical, and effective for use to train students' metacognition
skills.

The validators stated EAQD-PC was valid content, syntax, social system, support system, and learning
impact. This model is also declared feasible and practical for training and improving the metacognitive skills of
students. Thus, EAQD-PC is recommended to train students' metacognitive skills in all fields of science.
Therefore, the entire EAQD-PC syntax and social system is a simple and practical metacognition strategy that

is easy to apply to all fields of science and all age levels.
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Appendix A
Instrument Validity Test Results

Table A Instrument Validity test results
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Items Pearson Correlation Sig. (2-Tiled) Remark
Number 1 0.227 0.398 Invalid
Number 2 0.679 0.003 Valid
Number 3 0.387 0.001 valid
Number 4 0.323 0.058 Invalid
Number 5 0.590 0.000 Valid
Number 6 0.329 0.023 Valid
Number 7 0.041 0.598 Invalid
Number 8 0.671 0.002 Valid
Number 9 0.435 0.087 Invalid
Number 10 0.329 0.047 Valid
Number 11 0.604 0.002 Valid
Number 12 0.043 0.417 Invalid
Number 13 0.469 0.000 Valid
Number 14 0.483 0.003 Valid
Number 15 0.578 0.000 Valid

Appendix B Metacognitive Skills Test Instrument

1. Water has two properties, physical properties and chemical properties. Understand the concept of water potential
in relation to the chemical potential of water. What do you think is the relationship between the two so that it can
help you understand the movement of water in the plant body? Describe your explanation!

2. Indah observed two different tomato plant trees and looked for factors causing the difference. After searching for
explanations from various sources from found that a fertile tomato plant is precisely because it is infected with
fungi on its roots. Why do you think it is precisely the infected at the root? Elaborate on your explanation of the
role of the fungus!

3. Optimal growth in plants is supported by the completeness of the types of nutrients needed. Try to observe the
leaves of plants in the garden, some are perfect in color and shape, some are not! The classification of nutrients
is divided into two. Give an explanation of the function of both types of classification to optimal planting growth
so that the color and shape of the leaves are perfect from the results of your exploration of both!

4. Plants in their lives cook their own food which we know by the term photosynthesis. The process of photosyn-
thesis is known as oxygenic and anoxygenic photosynthesis. What do you think is the evolutionary role of oxy-
genic photosynthesis against photosynthetic organisms?

5. Andi thinks that the distribution of photo-assimilate occurs day and night or every time. After he sought expla-
nations from articles and other learning resources, he became aware of when the distribution of photo-assimilate
occurred. What do you think is the name of the distribution process and when does it occur?

6. When Yuli observed plants, he divided plants into two based on their respiratory system and compared the two
systems so that he concluded that plants that breathe using oxygen are larger while plants that breathe without
using oxygen are generally smaller. Would you be able to shed some light on the relationship between that and
respiration?

7. Nitrogen is the most macronutrient in plants. In the process of the nitrogen cycle is known the process of am-
monification, nitrification, and denitrification. According to the results of your exploration what are the three

processes related to the nitrogen cycle?


https://doi.org/10.20944/preprints202212.0430.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2022 d0i:10.20944/preprints202212.0430.v1

8. The discussion of water and plants is not only related to photosynthesis but also concerns injuries or injuries due
to water. The surrounding environment of flooded plants can be a threat to plants. Explain how water can hurt
plants!

9. Plants just like animals and humans will face sudden changes from optimal conditions for growth to some subop-
timal abiotic conditions known as extreme conditions, such as high light, high or low temperatures and water
shortages. This condition disrupts the physiological functioning of plants. How does a plant maintain its viability
in extreme conditions?

10. Fikri observed the growth and development of plants as complex multicellular organisms. To that end he ex-
plored information about how cells coordinate with each other, and he found that regular intercellular commu-
nication requires extraordinary measurements and that is done with the help of hormones. How do you think

hormones do that?
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