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ABSTRACT

The low level of problem-solving ability requires innovation in learning to overcome it. One of them
is through the implementation of the Thinking Empowerment by Questioning learning strategy. This
study aims to examine the impact of Thinking Empowerment through Questioning techniques on
biology learners' capacity for problem-solving—this type of quasi-experimental research with a
quantitative approach and design pretest-posttest experimental control group design. The research
was conducted at SMAN 1 Bayan, North Lombok Regency. The population used was all grade X with
288 students. Samples were taken by cluster random sampling technique, with class XA as the
experimental class, and class XC as the control class. The instrument used is an essay-shaped test on
environmental change material totalling 10 questions. Data analysis technique using Analysis of
Covariance test with the help of SPSS 26 software. The result of the Analysis of Covariance shows a
significance value of 0.000 <0.05. This means the Thinking Empowerment by Questioning strategy
has a significant effect on problem-solving ability in biology learning on environmental change
material at SMAN 1 Bayan. The significant result can be a reference for teachers to improve problem-
solving ability through the application of the TEQ strategy.
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Introduction

Problem-solving is one of the skills that students are required to learn. In the teaching and
learning process, students need to solve problems. In the process, students are instilled with
skill values to solve problems properly and correctly (Endang et al., 2021). Solving problems
requires thinking skills. Skills in thinking include observing, reporting, describing, analyzing,
classifying, interpreting, criticizing, predicting, drawing conclusions, and making
generalizations based on the information collected and processed (Arestu et al., 2019). Being
skilled in solving problems means being able to overcome the problems at hand (Mardhiyah
etal., 2021).

The problems that humanity faces in the 21st century have grown more complicated.
Therefore, 21st-century learning does not only rely on knowledge (Mardhiyah et al., 2021) but
also on the thinking skills needed to solve problems (Zubaidah, 2018). Students must be
equipped with problem-solving skills to make them a superior generation who are ready to
face the challenges of the 21st century (Hidayahtika et al., 2020; Purwati, 2022). This is related
to the importance of Problem-solving skills in increasing students' understanding and
preparing them to face challenges in the future (Rahman, 2019).

Problem-solving ability is defined as a potential or skill possessed by students so that they
can solve problems (Ivane & Dewi, 2022). The ability to solve problems has a close relationship
with learning biology as a science cluster, including its relationship with everyday life. In its
application, biological material not only requires students to understand the concepts and
basic laws of biology but also develop skills to implement their knowledge in problem-solving.
Astuti & Izzah (2022) explain, that students need to be trained in problem-solving in order to
be able to make the right decisions while studying contextual biology about life problems.

In general, students' problem-solving skills in Indonesia are still low. This is based on the
results of research that has been conducted in various schools in Indonesia. The condition of
problem-solving ability is in the range of 17%-63%. Research conducted by (Hanifa et al., 2018)
showed that the condition of students' problem-solving ability was at 17%. While research
conducted by (Nurvela, Malalina, et al., 2020) is in the range of 36%. The rate was 63%
according to (Nuraini et al., 2016) investigation. In line with the survey results from the
Program for International Student Assessment (PISA) that the problem-solving ability of
students in Indonesia is still relatively low, and ranked 624 out of 72 countries with an average
score of 403, while the international average score is 493 (Adinia et al., 2022; Amir et al., 2023).
Meanwhile, the problem of low problem-solving ability at SMAN 1 Bayan was obtained from
the results of observations on biology learning material on environmental changes, which
showed that students' problem-solving ability was still low. This can be seen when the teacher
invites students to discuss problems related to environmental pollution, and then students are
asked to analyze problem-solving solutions to the problems given. However, on average,
students are not able to provide appropriate solutions according to the context of the problem,
and most of the students are silent rather than proposing ideas to find alternative solutions in
an effort to solve the problem. This is reinforced by the statement of the 10t-grade biology
teacher regarding students' low ability to solve problems related to biological material. Not
only on environmental change materials but also on other biological materials.

The low level of problem-solving skills requires the need for innovative learning strategies
for solutions. Among the many choices of strategies in learning, the Thinking Empowerment
by Questioning (TEQ) strategy is one of the alternatives that can be applied. Yusuf et al., (2019)
explained, that teaching and learning strategies are one of the external factors that affect
problem-solving ability. Asking questions is linked to problem-solving skills (Jacques et al.,
2020). In order to identify the problem at hand more precisely, asking or creating questions is
an activity that involves rephrasing the encountered problem in an alternative editorial form.
The effectiveness of the solution that is put into practice will depend on how well the problem
is identified. As stated differently, an inaccurate definition of a problem will lead to a solution
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that might not be effective. As a result, identifying the problem is an essential first step in
solving it (Abdulla et al., 2020; Wolcott et al., 2021).

The use of the Thinking Empowerment by Questioning (TEQ) learning strategy makes
students trained to think at a high level through questions. It helps students to see material as
a whole knowledge that is easy to remember quickly and efficiently. TEQ strategy is question-
based to help students understand the material better and achieve their learning goals.. Using
this learning pattern, students can form new knowledge by identifying knowledge based on
existing questions (Anggraini, 2016).

The TEQ pattern is an empowering pattern of reasoning questions. Based on its stages,
this learning strategy pattern is believed to empower students' thinking processes so that it
needs to be applied in learning (Sukini et al., 2020). In addition to maximizing students'
thinking activities, this TEQ pattern has a positive influence on critical thinking (Anggraini,
2016; Bustami & Corebima, 2017) which is needed for more complex mental activities. The
TEQ strategy emphasizes the use of questions that play an important role in developing critical
thinking. The questions interwoven in TEQ are designed to stimulate deep and analytical
thinking. Critical thinking is seen as a requirement for the growth of problem-solving skills.
This is based on the findings of several previous studies that show an increase in students'
critical thinking through the application of the Thinking Empowerment by Questioning
strategy, namely by (Mone et al., 2021; Nur et al., 2023).

In light of the aforementioned description, the goal of this study is to examine the impact
of the Thinking Empowerment by Questioning (TEQ) technique on students' capacity for
problem-solving when learning biology.

Methods

This research is a quasi-experiment with a quantitative approach, with a pretest-posttest
experimental control group design. The research was conducted at SMAN 1 Bayan, Anyar
Village, Bayan District, North Lombok Regency, which took place from March to April 2023.
The study population was all class X with a total of 288 students. Samples were taken using
the cluster random sampling technique. Class XA was obtained as the experimental class and
XC as the control class. The instrument used was a test in the form of essay questions on
environmental change material. The data collected shows the improvement of students' ability
to answer the ten-question test. The test was given at the first meeting (pretest) before getting
the TEQ strategy treatment for the experimental class and the conventional method for the
control class. Then at the last meeting, a posttest was given to the experimental and control
classes after receiving treatment. The data obtained were then analyzed by the ANCOVA
(analysis of covariance) test with the help of SPSS 26 software. The test used has passed the
validity and reliability tests. As a result, ten items were declared valid with the r count of all
questions; the highest was 0.714 and the lowest was 0.486 > r table 0.374 so it was feasible to
use for data collection. The instrument is also reliable with a Cronbach's Alpha value of 0.791
> (0.374 which means it is consistent in collecting research data. Furthermore, the results of the
statistical prerequisite test show that the residual data is normally distributed with a
significance of 0.200 > 0.05 using the Kolmogorov-Smirnov test. The data variance is
homogeneous with a significance of 0.204 > 0.05 using Levene's test.
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Results and Discussion

Measurement of problem-solving capabilities before and after the implementation of the
TEQ strategy. Data on problem-solving skills in the control and experimental classes are
presented in Table 1.

Table 1. Problem-Solving Ability of Control and Experiment Classes

Aspects Control Experiment
Pretest Posttest Pretest Posttest
Mean 49.68 62.23 45.42 69.42
Standard deviation 13.255 10.478 20.919 13.334
Category Quite High Quite High
Percentage change of control and experimental classes 12%

From Table 1, it is known that the mean posttest of the experimental class is higher than
the posttest of the control class, with the number 69.42> 62.23. Although the mean of both is
different, they are included in the same high category. The magnitude of the percentage
change in control class posttests and experimental class posttests is 12%.

Additionally, Table 2 displays students' proficiency in each problem-solving indicator.

Table 2. Score Based on Problem-Solving Indicator

Indicator Class
Control Category  Experiment Category
Problem identification 94.03  Very high 91.94 Very high
Formulate the problem 86.71  Very high 86.48 Very high
Look for problem-solving strategies 63.06 High 67.81 High
Act on problem-solving strategies 41.16 Quite 55.84 Quite
Look back and evaluate the effects of ~ 26.29 Low 4497 Low

problem-solving activities

Based on Table 2, it is stated that the problem identification indication is the highest
indicator in the control and experimental classes. The mean score of the control class is 94.03.
While the experimental class is 91.94. The second indicator, namely, formulating the problem,
showed that the mean score of the control group was higher (86.71) than the experimental class
(86.48). Although the mean scores are different, they are both categorized as very high.
Furthermore, the lowest indicator in both classes is reviewing and evaluating the effects of
problem-solving activities. The control class mean score is 26.29 which is categorized as low.
While the experimental class is 44.97 which is a sufficient category.

A comparison of the mean problem-solving ability based on problem-solving indicators
is shown in Figure 1.

100,00 91.94 86,71 86,48
80,00 63,06 0781
60,00 41,16 44,97
40,00 26,29
al i
0,00

Problem Formulate the Lookmg for Act on Problem- Reviewing and
Identification Problem Problem-Solving  Solving Strategies Evaluate the Effects
Strategies of Problem-Solving
Activities

H Control Class W Experimental Class

Figure 1. Comparison of problem-solving skills based on indicators in control and
experimental classes.
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The categorization of problem-solving ability is presented in Table 3.

Table 3. Category of Problem-Solving Ability

No. Value Interval Category
1. 81-100 Very high
2. 61-80 High
3. 41-60 Quite
4. 21-40 Low
5 <20 Very Low

(Elvianasti et al., 2022)

The range of problem-solving abilities is known to span from a very low category with a
value interval of < 20 to a very high category with a value interval of 81-100, based on Table 3.
Data from ANCOVA (Analysis of Covariance) analysis are presented in Table 4.

Table 4. ANCOVA Analysis Results
Dependent Variable: Posttest

Type III Sum of
Source Squares Df Mean Square F Sig.
Corrected 7427.6522 2 3713.826 109.481 .000
Model
Intercept 10002.407 1 10002.407 294.865 .000
Pretest 6625.572 1 6625.572 195.318 .000
Strategi 1450.945 1 1450.945 42773 .000
Error 2001.396 59 33.922
Total 278051.000 62
Corrected Total 9429.048 61

In accordance with Table 4. The significance value of the strategy is found to be 0.000 <
0.05. Ha is therefore accepted while HO is rejected. Consequently, the Thinking Empowerment
by Questioning method has a significant effect on problem-solving skills.

It is understood from the ANCOVA test findings that there is a considerable impact of the
Thinking Empowerment by Questioning strategy on problem-solving skills, indicated by the
smaller significance value of the strategy, which is 0.000 < 0.05. This is because, in the
experimental class taught with the TEQ strategy, students are trained to solve the problems
listed in the student worksheet to be able to build their better understanding of the. In student
worksheets, questions are presented that are arranged to be interrelated and logically
intertwined, a characteristic of TEQ worksheets. Such questions can help students think about
how to solve problems. In its context with problem-solving, the TEQ strategy can help
individuals explore relevant information, propose alternative solutions, and analyze various
aspects related to problem-solving. Jacques et al., (2020) assert that one of the most crucial
aspects of the classroom learning process is the act of asking questions. Students can expand
their knowledge by responding to the questions posed, and the teacher will then assess their
responses (Hathcock et al., 2014). In this sense, questions can help students learn how to solve
problems they encounter, particularly if the questions are based on the students' actual
problems The results of this analysis are reinforced by the acquisition of a higher mean
experimental class problem-solving ability, with the number 69.42. While the control class is
62.23. Although the problem-solving ability category of both classes is equally high.
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Thus, the TEQ strategy can improve students' ability in problem-solving. The thinking
skills of students in the experimental class taught with the TEQ strategy are more trained
because the learning process cannot be separated from questions so the ability to solve
problems is more skillful. The questions are a problem that must be solved by answering them.
This process of finding answers trains the ability to think. Repetition of questions will help
students gain a better understanding of the material. In line with the drill theory, doing the
same activity repeatedly aims to form automatic patterns or habits in students so that they
have higher skills and dexterity than what is learned (Wolcott et al., 2021). Exercises that are
given repeatedly and planned help students to think analytically.

Through a series of questions given on the TEQ sheet, students try to answer them to solve
the problem. Answering these questions can trigger students' thinking skills and help them
solve problems. Ramdiah & Corebima, (2014) stated, that through TEQ learning students will
try to answer the questions so that it triggers them to think and find answers to existing
questions. Thus, the way of thinking will develop thinking skills so that it can solve problems.
According to Kusuma et al., (2021), as part of the learning process for finishing the TEQ
worksheet, students look for information, pick up knowledge, and record their thoughts and
observations in writing. Students can develop their metacognitive abilities through this
exercise. This is so that students can see various approaches to problem-solving by examining
his thought process as it was expressed in his writing.

The thinking process involves students learning through repetitive activities,
memorizing, understanding, and reflecting to achieve effective learning outcomes and thus
improve skills in problem-solving (Rodzalan & Saat, 2015). Empowering the thinking process
can be done through the questioning method. The thinking process will be stimulated by
activating questions. Through questions, students can form new learning (Anggraini, 2016).
New learning is the initial information obtained which is then processed and stored in Short
Term Memory (STM). STM plays an important role in the thinking process, which is used as
partial storage of problems in problem-solving activities while accessing information from
Long Term Memory (LTM) that is relevant to a problem so that it can become complete
information in solving problems.

In the experimental class taught with the TEQ strategy, students are more encouraged to
think so that they will train their high-order thinking skills. Critical thinking and
metacognition are part of higher-order thinking. Some research results show that the TEQ
strategy contributes to the improvement of critical thinking and metacognition. These two
cognitive aspects are known to have a close correlation to problem-solving ability. Nur et al.
(2023) revealed that the TEQ strategy is an effective active learning to encourage students'
critical thinking in science learning. Sulianto et al., (2018) reported that the two skills — critical
thinking and problem-solving have a strong association. In the absence of a unidirectional
relationship between critical thinking and issue-solving, problem-solving abilities will decline.
The TEQ strategy triggers students to think so that if applied continuously it is believed that
students will be skilled at thinking and students can regulate their thinking processes. The
regulation of this thinking process can then be referred to as metacognitive skills (Bahri &
Idris, 2017). Regarding the relationship between metacognition and problem-solving, it can be
seen from research conducted by Bahiyah et al., (2019) and Lestari et al., (2017) which found
that there is a significant relationship between students' metacognitive knowledge and
problem-solving ability. Furthermore, Giiner & Erbay, (2021), explained that students with
high metacognitive skills tend to solve problems correctly by using the right strategy.
Meanwhile, those with low metacognitive skills are less able and have difficulty
understanding the problem, choosing the right strategy, as well as finding the correct answer.

Based on several studies that reveal that the TEQ strategy can improve the cognitive
aspects of critical thinking and metacognition, it can be a trigger that supports the application
of the TEQ strategy in improving students' problem-solving abilities. Because critical thinking
and metacognition correlate with students' ability to problem-solve. Conversely, there is a
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claim that inquiry-based questions play a significant part in enhancing students' capacity for
metacognition and self-reflection. When someone is faced with a situation to solve a problem,
the process definitely involves a series of questions and evaluations (Can & Inel Ekici, 2021).
Inquiry-based learning and problem-based learning are two scenarios of learning models that
are inseparably linked to questioning in the classroom setting. Strong questioning strategies,
according to Kim & Kim (2016), are an essential part of the learning process because they help
students think more deeply about the real-world and contextual issues they encounter.

In problem-solving indicators, there are differences in the mean acquisition of each
indicator in the experimental and control classes. The problem-solving indicators in this study
are 1) problem identification; 2) formulating the problem; 3) looking for problem-solving
strategies; 4) acting on problem-solving strategies; and 5) looking back and evaluating the
effects of problem-solving activities (Suhirman & Yusuf, 2019).

The highest indicator acquisition in the experimental and control classes was the first
indicator, which is problem identification. The mean score of the experimental class was 91.94,
while that of the control class was 94.03. Although the mean score of the experimental class is
lower than the control class, the categories in both classes are very high. The second indicator
(problem formulation) displayed the same findings, with the control class's mean score being
higher than the experimental class's. Then, the lowest indicator in the experimental and control
classes was the indicator of reviewing and evaluating the effects of problem-solving activities.
The experimental class mean score was 44.97 with a sufficient category. Meanwhile, the mean
score of the control class was 26.29, which is a low category. In general, the indicator with the
highest gain in the experimental class is the one that refers to problem-solving. While the
control class is problem identification.

Differences in results were obtained in the first and second indicators, where the mean
score of the control class was higher than the experimental class may be related to the limited
time available, so learning did not run optimally. Another equally significant factor is the
condition of students who are more proficient in providing answers to questions than in
identifying issues and then posing them as questions. This situation is in opposition to the
TEQ strategy's standard features, which employ questions as a tool or instrument to
strengthen students' critical thinking skills. In this case, more instruction is needed to help
students identify and find specific problems that can be applied in their daily lives and
problems that require solutions. In contrast, the higher indicators of problem-solving in the
experimental class are those that refer to problem-solving because students are more
accustomed to solving or answering questions in the TEQ sheet so they are better able at
finding problem-solving steps. Bahri & Idris (2017) said students are used to answering
questions on the TEQ sheet so that it can stimulate their critical thinking. The TEQ strategy
helps students think analytically and creatively. Asking questions on TEQ sheets is a form of
learning activity that can develop skills in problem-solving (Utami & Dewi, 2020). Critical
thinking will be increasingly focused on the TEQ syntax of the “Think” and “Evaluation”
stages because it contains conclusions from the learning material. This phase raises more
analytical questions and requires high-level thinking skills that are problem-solving-oriented.
According to Yasir et al., (2020) which states, questions at the reflection stage usually re-
emerged in the thinking and evaluation part, but with a higher level of difficulty. While the
"Contemplate" phase only contains concepts and sub-concepts included it is an extension of
concepts. The general structure of the TEQ sheet is: prepare, conduct, contemplate, think,
evaluate, and command (Kusuma & Baskara, 2022). The preparation stage is setting up the
TEQ worksheet, conduct is answering the questions in the TEQ sheet which is directly directed
at the contemplation stage, and command is the stage of seeking information from uncleared
material.. Then, the category equation obtained by the experimental and control classes refers
to the interval of assessment of students' problem-solving skills that have been determined to
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be in the same categorization range. However, in terms of mean scores, the experimental class
is significantly different from the control class.

Furthermore, the acquisition of the fifth problem-solving indicator, reviewing and
evaluating the effects of problem-solving activities, is the lowest because students already feel
confident in their respective answers, so they feel no need to see or cross-check the answers.
Purnamasari & Setiawan (2019) also explained that students' difficulties when reviewing or
on the indicator of re-examining answers, that is, when students do not know how to cross-
check correctly and students could not manage the timing of the work properly. In an effort to
overcome the weakness of these indicators, the need to encourage students to think reflectively
is the ability of students to associate new knowledge with previous knowledge so that they
can draw conclusions about how to solve new problems. Reflective thinking makes a person,
whether certain or not, about how to solve a problem, so it encourages them to do research
repeatedly until they find a solution. Improvement of reflective thinking can be done through
habituation and practice. The question-based TEQ strategy can stimulate students' reflective
thinking through thinking exercises with repeated questions (Fedinafaliza et al., 2021; Sukini
et al., 2020). Questions that are interrelated with each other from the TEQ syntax will
encourage students to recall what was previously learned. This triggers the acquisition of a
higher mean of the indicator of reviewing in the experimental class.

Conclusion

The data analysis and hypothesis testing results indicate that the Thinking Empowerment by
Questioning (TEQ) technique substantially impacts students in biology learning class X SMAN
1 Bayan's ability to solve problems. Teachers could, therefore, use this TEQ technique when
teaching biology to help students become more adept at addressing problems, particularly
when it comes to content on environmental change.

References

Abdulla, A. M., Paek, S. H., Cramond, B., & Runco, M. A. (2020). Problem finding and
creativity: A meta-analytic review. Psychology of Aesthetics, Creativity, and the Arts, 14(1),
3-14. https:/ /doi.org/10.1037/aca0000194

Adinia, R., Suratno, S., & Igbal, M. (2022). Efektivitas Pembelajaran Aktif Berbantuan LKPD
Problem Solving Terhadap Keterampilan Pemecahan Masalah dan Penguasaan Konsep

Biologi Siswa di Sekolah Kawasan Perkebunan Kopi. Jurnal Inovasi Pembelajaran Biologi,
3(2), 64-75. https:/ /doi.org/10.26740/jipb.v3n2.p64-75

Amir, J., Dalle, A., Dj, S., & Irmawati, I. (2023). PISA Assessment on Reading Literacy
Competency: Evidence from Students in Urban, Mountainous and Island Areas. Jurnal

Kependidikan: Jurnal Hasil Penelitian Dan Kajian Kepustakaan Di Bidang Pendidikan,
Pengajaran Dan Pembelajaran, 9(1), 107. https://doi.org/10.33394/jk.v9i1.7103
Anggraini, A. (2016). Pengembangan Petunjuk Praktikum Biologi pada Materi Jamur dengan

Pola Pemberdayaan Berpikir melalui Pertanyaan (Studi Kasus Di Kelas X.3 SMA
Muhammadiyah 1 Metro Tahun Pelajaran 2013/2014. BIOEDUKASI: Jurnal Pendidikan
Biologi, 7(1). https:/ /doi.org/10.24127 / bioedukasi.v7il.494

Arestu, O. O., Karyadi, B.,, & Ansori, I. (2019). Peningkatan Kemampuan Memecahkan
Masalah Melalui Lembar Kegiatan Peserta Didik (LKPD) Berbasis Masalah. Diklabio:
Jurnal Pendidikan Dan Pembelajaran Biologi, 2(2), 58-66.
https:/ /doi.org/10.33369/diklabio.2.2.58-66

Bioedukasi: Jurnal Pendidikan Biologi |61


https://doi.org/10.1037/aca0000194
https://doi.org/10.26740/jipb.v3n2.p64-75
https://doi.org/10.33394/jk.v9i1.7103
https://doi.org/10.24127/bioedukasi.v7i1.494
https://doi.org/10.33369/diklabio.2.2.58-66

Sudianto, et al. | The Effects of TEQ in Biology Learning on Problem-Solving Ability

Astuti, Y., & Izzah, N. (2022). Analysis of Student Metacognitive Relationships with Problem-
Solving Abilities in Biology Learning. BIOEDUSCIENCE, 6(3), 228-232.
https:/ /doi.org/10.22236/j.bes /629095

Bahiyah, L., Sudarmin, & Hartono. (2019). Analysis of Students Metacognitive Skill in Solving
Problems on Guided Inquiry Learning Model Article Info. Journal of Innovative Science
Education, 8(3), 248-254. http:/ /journal.unnes.ac.id/sju/index.php/jise

Bahri, A., & Idris, I. (2017). Teaching Thinking: Memberdayakan Keterampilan Metakognitif
Mahasiswa melalui PBLRQA (Integrasi Problem-based Learning dan Reading,
Questioning, & Answering). Seminar Nasional LP2M UNM.

Bustami, Y., & Corebima, A. D. (2017). The Effect of JiRQA Learning Strategy on Critical
Thinking Skills of Multiethnic Students in Higher Education, Indonesia. International
Journal of Humanities Social Sciences and Education (IJHSSE), 4(3), 13-22.

Can, I, & Inel Ekici, D. (2021). Science learning through problems in gifted and talented

education: reflection and conceptual learning. Educational Studies, 1-24.
https://doi.org/10.1080/03055698.2021.1987860

Elvianasti, M., Kharisma, N. A. N., Irdalisa, I., & Yarza, H. N. (2022). Analisis Kemampuan
Pemecahan Masalah Biologi Peserta Didik pada Materi Perubahan Lingkungan. Jurnal
Penelitian Pembelajaran Fisika, 8(1), 1. https://doi.org/10.24036/jppf.v8il.115191

Endang, P. R., Pratiwi, R. H., & Sari, T. A. (2021). Analisis Pemecahan Masalah Biologi
Berdasarkan Kemampuan Berpikir Kritis Peserta Didik SMA Kelas XI IPA. EduBiologia:
Biological Science and Education Journal, 1(2), 149.
https:/ /doi.org/10.30998 /edubiologia.v1i2.10132

Fedinafaliza, F., Mahdian, M., & Irhasyuarna, Y. (2021). Meningkatkan Kemampuan Berpikir
Reflektif Dan Hasil Belajar Melalui Implementasi Model FPOEIL. JCAE (Journal of
Chemistry And Education), 4(2), 58-66. https:/ /doi.org/10.20527 /jcae.v4i2.623

Gtiner, P., & Erbay, H. N. (2021). Metacognitive Skills and Problem-Solving. International
Journal of Research in Education and Science, 715-734. https:/ /doi.org/10.46328 /ijres.1594

Hanifa, N. I., Akbar, B., Abdullah, S., & Susilo. (2018). Analisis Kemampuan Memecahkan
Masalah Siswa Kelas X IPA Pada Materi Perubahan Lingkungan dan Faktor Yang
Mempengaruhinya. Didaktika Biologi: Jurnal Penelitian Pendidikan Biologi, 2(2), 121-128.
http:/ /jurnal.um-palembang.ac.id /index.php/dikbio

Hathcock, S.J., Dickerson, D. L., Eckhoff, A., & Katsioloudis, P. (2014). Scaffolding for Creative
Product Possibilities in a Design-Based STEM Activity. Research in Science Education, 45(5),
727-748. https:/ /doi.org/10.1007 /s11165-014-9437-7

Hidayahtika, F., Suprapto, P. K., & Hernawati, D. (2020). Keterampilan Literasi Sains Peserta

Didik dengan Model Pembelajaran Reading, Questioning, and Answering (RQA) dalam
Pembelajaran  Biologi. Quagga: Jurnal Pendidikan Dan  Biologi, 12(1), 69.
https://doi.org/10.25134/quagga.v12i1.2123

Ivane, D. P., & Dewi, N. R. (2022). Kajian Teori: Kemampuan Pemecahan Masalah Siswa SMP
Ditinjau Dari Self-Regulated Learning Pada Pembelajaran Preprospec Berbantuan TIK.
PRISMA. Prosiding Seminar Nasional Matematika, 5, 290-296.
https:/ /journal.unnes.ac.id/sju/index.php/prisma/

62 | Bioedukasi: Jurnal Pendidikan Biologi


https://doi.org/10.22236/j.bes/629095
http://journal.unnes.ac.id/sju/index.php/jise
https://doi.org/10.1080/03055698.2021.1987860
https://doi.org/10.24036/jppf.v8i1.115191
https://doi.org/10.30998/edubiologia.v1i2.10132
https://doi.org/10.20527/jcae.v4i2.623
https://doi.org/10.46328/ijres.1594
http://jurnal.um-palembang.ac.id/index.php/dikbio
https://doi.org/10.1007/s11165-014-9437-7
https://doi.org/10.25134/quagga.v12i1.2123
https://journal.unnes.ac.id/sju/index.php/prisma/

Bioedukasi: Jurnal Pendidikan Biologi Vol. 17(1) 2024 | 54-64

Jacques, L. A., Cian, H., Herro, D. C., & Quigley, C. (2020). The Impact of Questioning
Techniques on STEAM Instruction. Action in Teacher Education, 42(3), 290-308.
https://doi.org/10.1080/01626620.2019.1638848

Kim, B. hee, & Kim, ]. (2016). Development and Validation of Evaluation Indicators for
Teaching Competency in STEAM Education in Korea. EURASIA Journal of Mathematics,
Science and Technology Education, 12(7). https://doi.org/10.12973 / eurasia.2016.1537a

Kusuma, A. S., & Baskara, Z. W. (2022). Hubungan Metakognitif dengan Pemahaman Konsep

Mahasiswa Pada Pembelajaran Menggunakan Model Pemberdayaan Berpikir Melalui
Pertanyaan (PBMP). Jurnal llmiah Profesi Pendidikan, 7(4Db).
https://doi.org/10.29303 /jipp.v7i4b.882

Kusuma, A. S., Nisa, K., & Baskara, Z. W. (2021). Pengaruh Pembelajaran Berpola
Pemberdayaan Berpikir Melalui Pertanyaan (PBMP) Terhadap Pemahaman Konsep dan
Keterampilan Metakognitif Mahasiswa S1 PGSD Universitas Mataram. Jurnal Ilmiah
Profesi Pendidikan, 6(1), 151-158. https://doi.org/10.29303 /jipp.v6il.173

Lestari, H. N., Suganda, O., & Widiantie, R. (2017). Hubungan Antara Pengetahuan
Metakognitif dengan Kemampuan Pemecahan Masalah Melalui Model Problem Based

Learning (PBL) pada Konsep Pencemaran Lingkungan di Kelas X. Quagga: Jurnal
Pendidikan Dan Biologi, 9(02), 27. https://doi.org/10.25134/quagga.v9i02.745

Mardhiyah, R. H., Aldriani, S. N. F., Chitta, F., & Zulfikar, M. R. (2021). Pentingnya
Keterampilan Belajar di Abad 21 sebagai Tuntutan dalam Pengembangan Sumber Daya
Manusia. Lectura : Jurnal Pendidikan, 12(1), 29-40.
https://doi.org/10.31849/lectura.v12i1.5813

Mone, M., Manu, T. S. N., & Meha, A. M. (2021). Pengaruh Model Pemberdayaan Berpikir
Melalui Pertanyaan (PBMP) Terhadap Kemampuan Berpikir Kritis Siswa Di SMP Negeri
10 Kupang Tahun Ajaran 2019/2020. Indigenous Biologi: Jurnal Pendidikan Dan Sains
Biologi, 4(1), 17-25. https:/ /doi.org/10.33323 /indigenous.v4il.68

Nur, T. D., Corebima, A. D., Zubaidah, S., Ibrohim, 1., & Saefi, M. (2023). Learning Biology
through Thinking Empowerment by Questioning: The Effect on Conceptual Knowledge
and Critical Thinking. Participatory  Educational = Research, 10(1), 122-139.
https://doi.org/10.17275/per.23.7.10.1

Nuraini, Tindangen, M., & Maasawet, E. T. (2016). Analisis Permasalahan Guru Terkait

Perangkat Pembelajaran Berbasis Model Inquiry dan Permasalahan Siswa Terkait
Kemampuan Pemecahan Masalah dalam Pembelajaran Biologi di SMA. Jurnal Pendidikan:
Teori, Penelitian Dan Pengembangan, 1(10), 2066-2070.

Nurvela, E., Malalina, & Yenni, R. F. (2020). Analisis Kemampuan Pemecahan Masalah
Matematis Siswa Kelas VIII MTs Mujahidin Palembang. Sigma: Jurnal Pendidikan
Matematika, 12(2), 209-216.

Purnamasari, 1., & Setiawan, W. (2019). Analisis Kemampuan Pemecahan Masalah Matematis
Siswa SMP pada Materi SPLDV Ditinjau dari Kemampuan Awal Matematika. Journal of
Medives :  Journal of Mathematics Education IKIP Veteran Semarang, 3(2), 207.
https://doi.org/10.31331/medivesveteran.v3i2.771

Purwati, N. (2022). Evaluation of Metacognitive Skill Level Among Pre-service Biology
Teacher on Microbiology Learning. Jurnal Penelitian Pendidikan IPA, 8(6), 2917-2922.
https:/ /doi.org/10.29303 /jppipa.v8i6.2160

Bioedukasi: Jurnal Pendidikan Biologi |63


https://doi.org/10.1080/01626620.2019.1638848
https://doi.org/10.12973/eurasia.2016.1537a
https://doi.org/10.29303/jipp.v7i4b.882
https://doi.org/10.29303/jipp.v6i1.173
https://doi.org/10.25134/quagga.v9i02.745
https://doi.org/10.31849/lectura.v12i1.5813
https://doi.org/10.33323/indigenous.v4i1.68
https://doi.org/10.17275/per.23.7.10.1
https://doi.org/10.31331/medivesveteran.v3i2.771
https://doi.org/10.29303/jppipa.v8i6.2160

Sudianto, et al. | The Effects of TEQ in Biology Learning on Problem-Solving Ability

Rahman, M. M. (2019). 21st Century Skill “Problem Solving”: Defining the Concept. Asian
Journal of Interdisciplinary Research, 2(1), 64-74. https://doi.org/10.34256/ajir1917

Ramdiah, S., & Corebima, A. D. (2014). Learning Strategy Equalizing Students * Achievement,
Metacognitive, and Critical Thinking Skills. 2(8), 577-584.
https://doi.org/10.12691 /education-2-8-3

Rodzalan, S. A., & Saat, M. M. (2015). The Perception of Critical Thinking and Problem-Solving
Skills among Malaysian Undergraduate Students. Procedia - Social and Behavioral Sciences,
172, 725-732. https:/ /doi.org/10.1016 /i.sbspro.2015.01.425

Suhirman, S., & Yusuf, Y. (2019). The Effect of Problem-based Learning and Naturalist
Intelligence on Students” Understanding of Environmental Conservation. [PBI (Jurnal
Pendidikan Biologi Indonesia), 5(3), 387-396. https:/ /doi.org/10.22219/jpbi.v5i3.9817

Sukini, S., Syafii, W., & Yustina, Y. (2020). The Influence of Guided Inquiry Learning Model
using Thinking Empowering by Questioning Model on Learning Outcomes Cognitiv
Students. Journal of Educational Sciences, 4(1), 153. https://doi.org/10.31258 /jes.4.1.p.153-
163

Sulianto, J., Cintang, N., & Azizah, M. (2018). Analisis Korelasi dan Regresi Berpikir Kritis
Terhadap Kemampuan Pemecahan Masalah Matematika Siswa SD Kota Semarang.

Mengembangkan Kompetensi Pendidik Dalam Menghadapi Era Disrupsi, 237-246.

Utami, D. S, & Dewi, I. N. (2020). Pengembangan Lembar Kerja Mahasiswa Berbasis
Pemberdayaan Berpikir melalui Pertanyaan pada Mata Kuliah Pengetahuan
Lingkungan. Bioscientist : Jurnal Ilmiah Biologi, 8(2).
https:/ /doi.org/https: / /doi.org/10.33394 / bioscientist.v8i2.3165

Wolcott, M. D., McLaughlin, J. E., Hubbard, D. K., Rider, T. R., & Umstead, K. (2021). Twelve
tips to stimulate creative problem-solving with design thinking. Medical Teacher, 43(5),
501-508. https:/ /doi.org/10.1080/0142159X.2020.1807483

Yasir, M., Fikriyah, A., Qomaria, N., & Al Haq, A. T. (2020). Metacognitive skill on students of
science education study program: Evaluation from answering biological questions. JPBI
(Jurnal Pendidikan Biologi Indonesia), 6(1), 157-164.
https://doi.org/10.22219/jpbi.v6il.10081

Yusuf, Suhirman, Suastra, I. W., & Tokan, M. K. (2019). The Effects of Problem-Based Learning
with Character Emphasis and Naturalist Intelligence on Students” Problem-Solving Skills
and Care. International Journal of Innovation, Creativity and Change, 5(3), 1034-1059.

www ijicc.net
Zubaidah, S. (2018). 21st Century Skills: How to Teach and Assess. April, 1-25.

64 | Bioedukasi: Jurnal Pendidikan Biologi


https://doi.org/10.34256/ajir1917
https://doi.org/10.12691/education-2-8-3
https://doi.org/10.1016/j.sbspro.2015.01.425
https://doi.org/10.22219/jpbi.v5i3.9817
https://doi.org/10.31258/jes.4.1.p.153-163
https://doi.org/10.31258/jes.4.1.p.153-163
https://doi.org/https:/doi.org/10.33394/bioscientist.v8i2.3165
https://doi.org/10.1080/0142159X.2020.1807483
https://doi.org/10.22219/jpbi.v6i1.10081

