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Abstract

In a world marked by inequity, young people will be required to become adept at
balancing tensions, dilemmas, and trade-offs, such as balancing equity and
freedom, autonomy and community, innovation and continuity, and efficiency
and the democratic process, in local settings with sometimes global implications.
This study uses The Static-Group Pretest-Posttest Design. There are 50 students
in integrated training and 50 students in separate training who are in the 7th, 8th,
and 9th grades. Teachers frequently guide students in the use of meta-affective
and meta-cognitive strategies during the science learning process in integrated
training, whereas researchers train students in the interpretation and independent
use of meta-affective and meta-cognitive strategies during separate science
learning. The instrument used was a questionnaire with five Likert scales (1 = not
at all typical of me, 2 = not very typical of me, 3 = somewhat typical of me, 4 =
fairly typical of me, and 5 = very typical of me). The competence of "reconciling
tensions and dilemmas™ is constructing with four indicators, namely integrated
way, inter-relations, logics and positions, and perspectives. Based on general data
for all grades, students who received meta-affective and meta-cognitive training
separately from science learning experienced an increase. Meanwhile only one
indicator namely logics and positions is positive changes in integrated meta-
affective and meta-cognitive-based training. This shows that students can think
and carry out activities in various ways to understand science independently,
without having to be guided by the teacher.

Keywords: Integrated training, Meta-affective, Meta-cognitive, Reconciling
Tensions and Dilemmas, Separate training

INTRODUCTION
Thinking-related knowledge is called metacognitive knowledge or related to
metacognitive knowledge (Harrison & Vallin, 2018). Improving pupils' memory is the aim
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of metacognition in the classroom (Finley et al., 2010; Murphy & Castel, 2020; Rivers,
2021). Focusing on the material that will stick in their memories the most may help students
overcome the overwhelming feeling that they typically have when studying for an exam
(Murphy & Castel, 2020). As they make decisions in scenarios that are comparable to those
they will face on a real exam, students can effectively assess their learning during practice
exams (Rivers, 2021). Students' application of these tactics in basic lab assignments implies
that experience or training can aid in the development of these metacognitive skills.
Information technology may have an effect on how metacognition affects memory and
learning (Finley et al., 2010). Metacognition also affects students' experiences learning with
technology. Comprehending metacognition enhances note-taking, self-awareness, and
comprehension during studying (Brady & Forest, 2018). Additionally, a strong association
was observed between critical thinking skills and metacognitive abilities (Amin et al., 2020;
Carless, 2019; Mohseni, 2020).

The feelings that students experience prior to an exam and its meta-affective
inclinations (Uzuntiryaki-Kondakci & Kirbulut, 2016). Emotions can be changed if they are
under control. The effects on performance and deficiencies in crucial domains including
schooling and emotional control are profound (Harley et al., 2019). An emotional path
where immersion predicted presence and favorable emotions, and a cognitive path where
immersion encouraged a positive cognitive value of the activity in line with the control
value theory of achievement feelings (Makransky & Lilleholt, 2018). Emotions force one to
process information that is unrelated or irrelevant to the activity at hand, adding needless
cognitive strain and competing with other tasks for working memory space. One of the
learning objectives is to manage one's emotions, and this can affect the intrinsic cognitive
load (Plass & Kalyuga, 2019).

Meta-affective and meta-cognitive are associated, whereas meta-affective and
transformational competencies are related. These competencies provide as areas where
students can collaborate to create a "learning compass" that shows potential paths that young
people can follow in their personal and professional lives. Students are able to take on
responsibility, work through difficulties and disputes, and form new morals (OECD
Directorate for Education and Skills, 2018). In children, adolescents, and adults,
transformational social and emotional learning seeks to advance equity and excellence.
Prioritize racial and ethnic issues above all else in order to solve the wider range of
disadvantages that currently exist. To strengthen these skills and draw attention to the
necessity of adult professional development in order to maximize the success of these
programs for a range of kids and adults (Jagers et al., 2019). Exposes the many
accomplishment inequalities that exist in our society and highlights the need for a new
educational strategy that puts more of an emphasis on the 4Cs, critical thinking, creativity,
communication, and collaboration (Soulé & Warrick, 2015).

METHODS
This study used the Static-Group Pretest-Posttest Design. The main difference
between the static-group pretest-posttest design and the static-group comparison design is
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that the pretest is administered to both groups. These are the static groups, also known as
the non-equivalent control group design (Fraenkel et al., 2012). In the seventh, eighth, and
ninth grades, there are fifty students enrolled in integrated training and fifty students
enrolled in separate training. Teachers assist students in applying meta-affective and meta-
cognitive methods on a regular basis in integrated training; in separate training, researchers
teach students to understand and use these same strategies independently when learning
science. A diagram of this design is shown in Figure 1.

0 X 0

Pretest: Treatment: Posttest:

mtegrated traiming
of meta-affective
and meta-cognitive
during science
learning

Questionnaire of students’ Questionnaire of students’

reconciling tensions and
dilemmas competency

reconciling tensions and
dilemmas competency

0 X 0

Pretest: Treatment: Posttest:
separate traming of

t 1 f students”
Questionnaire of students meta-affectrve and

reconciling tensions and
dilemmas competency

Questionnaire of students’
reconciling tensions and

meta-cognitive X
dilemmas competency

during science
learning

Figure 1. The static-group pretest-posttest design for comparing integrated and

separate training of meta-affective and meta-cognitive during science learning

The questionnaire instrument consist of 12 statements with five Likert scales (1 =
not at all typical of me, 2 = not very typical of me, 3 = somewhat typical of me, 4 = fairly
typical of me, and 5 = very typical of me). The competency of "Reconciling Tensions and
Dilemmas" consists of four indicators, namely integrated way, inter-relations, logics and
positions, and perspectives. The Winsteps Rasch Model was utilized to analyze the 445
student responses obtained from the validation testing in order to determine the item
reliability index and person reliability index (Bond & Fox, 2015; Fischer & Molenaar,
2012). Table 1 depicts the reliability index’s findings based on the Winsteps Rasch Model
and IBM SPSS Statistics 25.

Table 1
Reliability Index of Transformative Competencies Questionnaire by using Winsteps Rasch
Model and IBM SPSS Statistics 25

Transformative | N of | N of | Person Item Cronbach’s | Category
Competencies | students | items | Reliability | Reliability | Alpha

Reconciling 445 12 0.85 0.95 0.89 Acceptable
tensions  and

dilemmas
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According to Table 1, the person and item reliability indices of the survey created
for this study are suitable and adaptable to other kinds of research (Bond & Fox, 2015;
Fischer & Molenaar, 2012). In addition to calculating the reliability index using the
Winsteps Rasch Model, the data from the test results were also computed with IBM SPSS
Statistics 25 to see Cronbach’'s Alpha, which indicates the reliability index (Meyers et al.,
2019; Yockey, 2016). The questionnaire designed for this study has a high Cronbach's
Alpha score, therefore it can be utilized for a variety of research purposes. Upon conducting
the index validity test, every statement on this survey was found to be valid, yielding
positive outcomes (Rusyati et al., 2021). The findings from the creation of the reconciling
tensions and dilemmas competencies questionnaire are shown in Table 2.

Table 2.
The Final Version of Transformative Competencies Questionnaire Development
Competency Indicator Code Item
Reconciling | Integrated way TC-13 | When | studied science, | thought in various
Tensions (Ability to think with two or ways to understand science.
and more things combined in order to | TC-14 | When studying science, | do activities in
Dilemmas avoids premature conclusions) various ways to understand science.

TC-15 | If | get new information in class, | will not
immediately conclude but will look for other
sources to corroborate the conclusion.

Inter-relations TC-16 | | thought of understanding science by
(Ability to take into account the considering  the  relationship  between
interconnections and opposing ideas.
interrelations between | TC-17 | | undertake activities to understand science
contradictory or incompatible by considering the relationship between
ideas) opposing ideas.

TC-18 | If there are ideas that don't match, | try to
find connections with other ideas while
studying science.

Logics and Positions TC-19 | When studying science, | used logic to
(Ability to learn to think and act understand science.

from both logics and positions) TC-20 | When studying science, | use the point of
view of a certain position to understand

science.
TC-21 | | understand science easier, if | use logic that
I make myself.
Perspectives TC-22 | When studying science, | tried to think from
(Ability to learn to think and act a short-term and long-term
from both short- and long-term perspective/perception.
perspectives) TC-23 | When studying science, | tried to act from
both short and long term

perspectives/perceptions.

TC-24 | While studying science, | was able to sort
out short-term and long-term
viewpoints/perceptions.
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RESULTS & DISCUSSION

The competence of “reconciling tensions and dilemmas" is constructing with four
indicators, namely integrated way, inter-relations, logics and positions, and perspectives.
The average score (mean) for each indicators of competency “reconciling tensions and
dilemmas” by comparing on integrated and separate training is illustrating in Table 3.

Table 3.

The Average of Students’ Transformative Competencies “Reconciling Tensions and Dilemmas” in Integrated
and Separate Training

N | Indicators Integrated Training Separate Training
0 Initial Final Changes | Initial Final Changes
Conditi | Conditio Conditio | Conditio
on n n n
Integrated way 3.57 3.37 -0.2 3.41 3.46 0.05
Inter-relations 2.99 2.80 -0.19 3.00 3.24 0.24
Logics and | 557 3.58 0.01 357 3.74 0.17
positions
4 Perspectives 3.12 2.89 -0.23 2.90 3.07 0.17

In a world characterized by inequality, students will need to learn how to effectively
manage conflicts, trade-offs, and tensions in local contexts that occasionally have global
ramifications. Examples of these balances include equity and freedom, autonomy and
community, innovation and continuity, and efficiency and the democratic process. It is
unusual that achieving a compromise between conflicting demands leads to an either/or
choice or even a single answer. Students will need to adopt a more relationship-focused
mindset, eschewing preconceived notions. In a world of interdependence and conflict,
students can only ensure their own well-being, and the well-being of their families and
communities, if they possess the ability to comprehend the needs and desires of others. To
be future-ready, students need to develop more holistic ways of thinking and doing,
considering the ties and connections between seemingly contradictory or incompatible
ideas, logics, and attitudes from both the short- and long-term perspectives. That is,
students need to develop their ability to think in systems (OECD Directorate for Education
and Skills, 2018).

The best way to conceptualize mind-wandering is as a multidimensional construct
held together by patterns of overlapping and non-overlapping components. Treating mind-
wandering as a heterogeneous construct and precisely quantifying or describing the many
properties of the mind-wandering under investigation are necessary when using a family-
resemblances approach to mind-wandering (Weinstein, 2018). Three strategies can be
utilized to investigate the uncertainty inherent in scientific activity and encourage students
to participate in more complicated and authentic inquiries: starting with challenging
phenomena, iterating on investigations, and leveraging variability in students' study
approaches (Manz & Suarez, 2018). Additionally, while learning science as a foundation
for more cautious thinking and behavior, pupils are unaware of the impacts (consequences)
in the future. Most argumentation interventions and their modest results are the result of
misplacing argument as a separate skill that can be addressed with certain kinds of
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education. Because it was only reasonable for students to disagree on how to effectively
convey the ideas they were learning (Sandoval et al., 2019). The motivation of teachers and
students was adversely affected by a number of problems, including anxiety, interpersonal
challenges, and internet connectivity (Elhadary et al., 2020).

The capacity to discern the links and ties between ideas that at first glance appear to
be unrelated or incompatible is known as interrelationships. Three actions are represented
by this indicator. In order to understand science, students looked at the relationship between
opposing viewpoints. Students learn the interaction of opposing concepts through exercises
that help them understand science better. When studying science, students try to connect
concepts that don't correspond with other ideas. This fact demonstrates how students can
use their own metacognitive and meta-affective abilities to comprehend relationships; in
other words, they grasp that when studying science, there can be disparities in concepts.
Students learn to accept the presence of competing theories as a result of this need, which
also gives them a way to learn about scientific phenomena. Furthermore, students also try
to connect the ideas that do not match, thus finding an important line. Table 4 describes the
data recap per scale of students' transformative competencies in competency “Reconciling
Tensions and Dilemmas”.

Table 4
The Percentage of Students’ Transformative Competencies “Reconciling Tensions and Dilemmas” per Scale
Scale Integrated Training Separate Training
Initial Final Initial Condition | Final Condition
Condition | Condition
Not at all typical of me (1) 2% 3%* 5% 2%
Not very typical of me (2) 19% 19% 20% 20%
Somewhat typical of me (3) 37% 41% 38% 32%*
Fairly typical of me (4) 29% 29% 25% 35%
Very typical of me (5) 14% 9%* 12% 12%

* Contrary to the ideal expectation.

Based on Table 4, the fairly typical scale (4) for students in the separate training
group increased more than in the integrated training group. Meanwhile, the very typical
scale (5) in the integrated training group experienced a decrease, but in the separate training
group it remained at a constant level. The mental models of young children typically point
in two distinct directions: one corresponds to immediate activities for solving short-term
problems, while the other refers to sustainability and prevention. In addition, it seems that
children's individual contributions to the two environmental issues under study are
entwined with group contributions. More precisely, when voicing their ideas, children
seemed to think similarly about the environmental issues raised (lliopoulou, 2018). A
model of long-term student involvement with feedback includes unresolved learning issues,
double-loop feedback processes, and single-loop feedback processes. Feedback spirals are
suggested as an alternative technique for examining intricate, repeated long-term learning
processes, since feedback loops are mostly focused on the short term. The two most
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significant practice consequences are the growth of student feedback literacy and self-
regulation (Carless, 2019). Figure 2 describes the visualization of the comparison of
students' transformative competencies in competency “Reconciling Tensions and
Dilemmas” in integrated and separate training on category ideal (>0%), fixed (0%), and
non-ideal (<0%).

40%

30%

20% TC21
L¥]
ol - 2
g 10% TC17 TC2 TC24
8 Tc14 G168 TC20 T
o] TC13 TC18 TC20 TC23
8 0% TC13 TC19 ~
N - TC22 TC23
o TC17 TC19 -
& TC15 TC16 S
& -10%
U

TC24
20% TC14

-30%

-40%
Competency "Reconciling Tensions and Dilemmas"

Integrated Training Separate Training

Figure 2. The Comparison of Students' Transformative Competencies in Competency “Reconciling Tensions
and Dilemmas” in Integrated and Separate Training on Category Ideal (>0%), Fixed (0%), and Non-Ideal
(<0%)

Figure 2 shows that separate training, namely the implementation of meta-affective
and meta-cognitive strategies independently implemented by students, is more effective in
helping students to develop transformative competencies in the competency "reconciling
tensions and dilemmas". It is proven that integrated training has more non-ideal conditions
than integrated training. However, there are three indicators that both cannot be developed
with integrated or separate training. Integrated way indicator on TC-15: "If | get new
information in class, | will not immediately conclude but will look for other sources to
corroborate the conclusion”, inter-relations indicator on TC-18 " If there are ideas that don't
match, | try to find connections with other ideas while studying science”, and logics and
positions indicator on TC-19 " When studying science, | used logic to understand science".
The majority of students retain and comprehend the knowledge. The results show that while
explaining dilemma scenarios, students are better able to use brief phrases and prior
knowledge. Provides students with the opportunity to enhance their critical thinking,
creativity, and reasoning skills while practicing problem-solving and project-making skills
(Rahmawati et al., 2021).

TC-21 "I understand science easier if | use logic that | make myself" has a very big
improvement by being developed using separate training. This shows that students use their
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own logic to understand science more easily. If science is taught in the classroom using a
naturalized logic rather than the classical logic, which rejects abduction, the creative part of
thinking that leads to discovery, as erroneous and unworthy of inquiry. With such a logic,
students are positioned as practical, not ideal, agents of reasoning, who are inferential
specialists rather than inferential misfits when they formulate hypotheses (Ferguson, 2019).
Students' critical thinking abilities and their ability to assess arguments, especially those
made by practicing scientists, were enhanced by the addition of logic. Learning logic
improves a student's capacity for problem-solving, writing, and understanding scientific
literature as well as everyday events (Sobhanzadeh et al., 2021). Resource management
strategies, motivation, and cognitive and metacognitive processes all have a big impact on
how well science students perform. Students' motivation serves as one type of enabling
factor for the intellectual effort, which is measured by the self-perceived use of science
learning approaches. When it comes to motivational elements, which have a greater impact
on students' achievement in science than cognitive and metacognitive skills, self-efficacy is
the factor with the biggest influence (Ortega-Torres et al., 2020).

CONCLUSION
Students that got meta-affective and meta-cognitive training apart from science

learning showed an increase, according to general data for all grades. Positive changes in
integrated meta-affective and meta-cognitive-based training are the only indications that
exist at this time, and they are logics and positions. This demonstrates that students do not
need teacher guidance to grasp science; rather, they may think and act in a variety of ways.
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