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	Metacognition is one of the key learning skills in the 21st century, with a strong potential to help students succeed in science learning. Until now, this metacognition skill is less empowered by lecturers in learning. This study aimed to analyze the PBLRQA model's effect on biological science students' metacognition. This research is a quasi-experiment with a pretest-posttest nonequivalent control group design. Determination of the research sample class was carried out by random sampling. Each learning model was represented by one class as a PBL class combined with RQA and one other class as a PBL class. The number of classes used was 2, totaling 57 students. The instrument applied was a metacognitive awareness questionnaire from MAI and SEMLI-S. This inventory consisted of 34 statement items divided into planning, monitoring, evaluating, and revising skills. In addition, a student response questionnaire was also given to the implementation of the PBL learning model combined with RQA. The results showed that the learning model influenced students' metacognitive awareness. Thus, the PBLRQA model can be used in learning biological science students to improve student academic results in the learning process.
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1. INTRODUCTION 
Educational researchers have shown that metacognition improves academic achievement [1]. It is because metacognitive awareness is important in success and failure in achieving learning goals [2]. In addition, metacognition is a component for self-directed learners in assessing abilities and challenges while learning and monitoring and regulating students' actions to achieve learning goals [3]. Metacognition includes metacognitive strategies (e.g., planning, monitoring, and evaluating) and metacognitive knowledge related to strategies, tasks, and oneself [4]. Metacognitive processes are a sequence of higher skills used to regulate cognitive, emotional, and motivational strategies during learning [3], [5]. In addition, metacognitive skills are general tasks that can be applied and transferred to various learning contexts and subjects [6]. Metacognition refers to the experience of mental awareness, i.e., feelings, thoughts, and awareness [7]. Various studies make strong claims for the importance of metacognition in student learning. Metacognition contributes about 17% to students' success in school, while intelligence contributes about 10% [3]. This significant statistic, clearly shows the need for schools to teach metacognitive skills effectively [8].
Metacognition was first coined by psychologist John Flavell (1979). According to Flavell (1979), metacognition is the process of becoming aware of and being able to control one's thought processes. It involves recognizing and monitoring one's own cognitive activities and activities as needed. It means that individuals with strong metacognitive skills can self-assess and self-evaluate. The goal is improving, analyzing one's information processing, and adjusting one's learning and problem-solving approaches accordingly [9].
Supporting the development of metacognition is a powerful way to promote student success. Students with strong metacognitive skills are positioned to learn more and perform better than peers still developing their metacognition. Students with well-developed metacognition can identify their concepts and choose appropriate strategies to learn those concepts. Metacognition allows students to become more skillful in thinking and more effective and efficient in their learning. When working together in small groups, students can also stimulate each other's metacognition, leading to better results [10] . Metacognition has gained prominence in cognitive science and education over the past 50 years due to its association with improved individual learning [11]. For example, students with stronger metacognitive skills learn more and perform better than their weak metacognitive peers [12].
Metacognition has a strong potential to help students succeed in science learning [13]. Students with strong metacognition know how to choose and apply learning strategies and can solve problems to be successful in their studies [14]. Students can also evaluate the effectiveness of their strategies as their overall plan and use their evaluations to plan for future learning [15]. These abilities can positively impact learning and achievement, but many students come to college without strong metacognitive abilities [16]. To help biological science undergraduates develop these skills, lecturers must understand how students' metacognition may change in college [17]. One way this can be done is by comparing the use of metacognitive regulation skills in junior and senior science students [18]. The knowledge gained from this comparison can then be used to help students improve their use of metacognition early in their college careers. Students demonstrate metacognitive knowledge when distinguishing between concepts they know and those they do not know [10].
Prospective science teachers need support to learn how to integrate individual concepts and facts into a strong understanding of the process of science. [19]. Feedback is important in developing a scientifically accurate understanding of complex science concepts, leading to improved learning. It is because it provides students with information about what they have done well and what still needs improvement [20]. Unfortunately, it is difficult for lecturers in science classrooms to provide enough feedback and direction to help students learn [21]. To balance this factor, innovative strategies must be implemented to provide feedback on students' learning needs. [22].
Students with strong metacognitive skills can identify concepts they do not understand and choose the right approach to learning those ideas. [23]. Metacognitive students know how to apply the chosen strategy, and they modify their approach based on experience [24]. Metacognitive skills can profoundly affect learning, but many scholars still need to develop these abilities [25]. One way we can address this need is to examine students with well-developed metacognition to learn when, why, and how they use these abilities. Then, teachers can use the insights gained from highly metacognitive students to help other students improve their metacognition [26].
The research shows that in science learning, 25% of teachers make less effort to empower students' metacognitive skills in providing learning through learning strategies. [27]. One way to improve students' metacognition is through student-centered learning activities like problem-based learning. Problem-Based Learning (PBL) improves students' metacognitive skills by 24%. So far, the lack of students' metacognitive awareness is due to the need for students' attention in problem-solving. It is because one of the important aspects of the problem-solving process is metacognitive awareness [28], where students with higher metacognitive skills have higher problem-solving skills [29]. In addition, PBL has been shown to improve creative thinking and critical thinking skills [30], problem-solving [31], and writing skills [32]. PBL can also increase students' self-confidence, create a supportive environment for group work, improve interpersonal communication and build self-awareness [33], [34]. PBL is beneficial for students in constructing knowledge, developing the reasoning process, improving independent learning skills and motivation, and increasing intrinsic learning [35].
In addition, RQA (Reading, Questioning, and Answering) is proven from the three models used in learning to have the strongest influence on improving students' metacognition. [36]. In addition, Bahri (2016) found a correlation between metacognitive skills and cognitive learning outcomes on retention facilitated by the PBLRQA learning model. According to Corebima (2009c), applying the RQA model is proven to motivate students to read the assigned learning material. Thus the designed learning can be implemented well, and understanding of the learning material can increase to close to 100%. In addition, RQA can improve students' critical thinking skills and metacognition [38]. RQA can also increase conceptual knowledge (40.57), questions (34.91), and student's understanding of the learning material [38], [39]. Therefore, both PBL and RQA models are considered appropriate to be applied in learning strategies with a constructivist approach. These two models are not only based on the skill of memorizing concepts or facts but the process of interaction between students and their learning environment [40]. PBLRQA can be used in developing students' future life skills. PBLRQA can be applied in schools because it is problem-based, involves problem-solving thinking activities, and correlates with students' abilities. PBLRQA increases learning motivation, potentially empowering metacognitive skills and improving student retention. [41].
Based on the facts presented in the background of this study, there are not many studies investigating the contribution of metacognitive skills with the PBLRQA model. Applying the right learning model helps teachers identify the contribution of metacognitive skills in the learning process in the classroom. Thus, this study aimed to analyze the effect of the PBLRQA model on the metacognition of science students.


1. RESEARCH METHOD 

2. 1   Research design
[bookmark: _Hlk99717863]This research is a quasi-experiment with a pretest-posttest nonequivalent control group design. [42]. The procedure for implementing the learning strategy treatment based on the research design is shown in Table 1.
Table 1. Treatment Class Based on Variables
	Pretest
	Treatment
	Posttest

	O1
	S1
	O2

	O3
	S2
	O4



Description
	O1, O3
	:
	pretest score

	O2, O4
	:
	posttest score

	S1
	:
	PBL learning model group combined with RQA

	S2
	:
	PBL learning model group




2. 2 Population and sample of research
The population of this study was all students of the Elementary School Teacher Education Study Program, Faculty of Teacher Training and Education, Pattimura University, in the second semester who took the basic concepts of science course (the topic taught was Biology) with a total of 4 classes. Determination of the research sample class was carried out by random sampling. Each learning model was represented by one class as a PBL class combined with RQA and one other class as a PBL class. The number of classes used was 2, totaling 57 students.

2. 3 Research instrument
The instrument applied was a metacognitive awareness questionnaire. The metacognitive awareness questionnaire was adapted from the MAI [43] and SEMLI-S [44]. This inventory consists of 34 statement items divided into planning, monitoring, evaluating, and revising skills. In addition, a student response questionnaire was also given to the implementation of the PBL learning model combined with RQA. 

2. 4 Research procedure
The research data was collected through the following activities: 1) Giving a metacognitive awareness questionnaire to determine awareness before and after lectures in the research classes. 2) Observe the lesson plan implementation by using the observation sheet and giving a checklist ( ) on the appropriate statement. 3) Giving a questionnaire of student responses to each lecture in a class that uses the RQA model combined with PBL. 

2. 5 Data analysis
The research data were analyzed quantitatively. Inferential statistical data analysis through covariate analysis was carried out if necessary for hypothesis testing. 

1. RESULTS AND DISCUSSION

In the research results section, the research results are described concerning the results of statistical analysis tests. This study aimed to examine the effect of the PBLRQA model on metacognition in basic science concepts lectures. As an important part of hypothesis testing, the prerequisite test consists of normality and homogeneity tests. The data tested consisted of pretest and posttest data of metacognitive awareness. The normality test results on metacognitive awareness data in learning using PBL and PBL & RQA using unstandardized residual values with linear regression followed by One-Sample Kolmogorov Smirnov Test analysis. 

Table 2. The Normality Test Results of Metacognitive Awareness Data
	One-Sample Kolmogorov-Smirnov Test

	
	Unstandardized Residual

	N
	57

	Normal Parameters
	Mean
	.0000000

	
	Std. Deviation
	7.79365822

	Most Extreme Differences
	Absolute
	.098

	
	Positive
	.071

	
	Negative
	-.098

	Kolmogorov-Smirnov Z
	.742

	Asymp. Sig. (2-tailed)
	.641

	a. Test distribution is Normal.



[bookmark: _Hlk99860774]The data homogeneity test was analyzed using Levene's Test of Equality of Error Variances statistical test using One-Way ANOVA with the assistance of SPSS 16.00 for Windows. Pretest and posttest data on metacognitive awareness variables can be seen in Table 3.

Table 3. The Homogeneity Test Results of Metacognitive Awareness Data
	Data Group
	df1
	df2
	Sig

	Metacognitive Awareness Pretest
	1
	55
	0.369

	Metacognitive Awareness Posttest
	
	
	0.236



[bookmark: _Hlk99860837]Table 3 shows that all data, pretests, and posttests on metacognitive awareness variables are greater than alpha (0.05), meaning all data are declared homogeneous. Based on all the results of the prerequisite analysis test, it is known that the research data meet the requirements for hypothesis testing with parametric analysis using analysis of covariance (ANCOVA).
Hypothesis testing was conducted using covariate analysis (ANCOVA) with the assistance of SPSS 16.00 for Windows. The metacognition awareness test using the MAI questionnaire was conducted twice. The first time was done before the treatment was given, and the second time was done after the treatment ended, with the period for the MAI pretest and posttest being eight weeks (2 months). A summary of the ANCOVA results of the effect of learning models on metacognitive awareness is shown in Table 4.

Table 4. ANCOVA test results of the effect of learning model on metacognitive awareness
	Dependent Variable:MAI_POSTTES

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	  1681.307a
	2
	  840.653
	15.482
	.000

	Intercept
	    3461.346
	1
	3461.346
	63.745
	.000

	MAI_PRETES
	    1413.127
	1
	1413.127
	26.024
	.000

	MODEL
	    469.300
	1
	469.300
	8.643
	.005

	Error
	    2932.202
	54
	   54.300
	
	

	Total
	330510.000
	57
	
	
	

	Corrected Total
	    4613.509
	56
	
	
	

	a. R Squared = ,364 (Adjusted R Squared = ,341)



Table 4 shows that the Fcount value of the learning model is 8.643, with a significance value of 0.005. It means that the significance value is smaller than the alpha value (0.05), then Ha, which states that there is an effect of the learning model on metacognitive awareness, is accepted, and H0 is rejected. It means that the learning model affects students' metacognitive awareness.
[bookmark: _Hlk99717659][bookmark: _Hlk99717733]The results of hypothesis testing show that the learning model provides a good effect or influence on the metacognitive awareness variable. The LSD test results show that the PBLRQA learning model has more potential to increase metacognitive awareness. The PBLRQA learning model has the potential to increase metacognitive awareness. This learning model helps students organize themselves in learning, for example, planning, implementing, and evaluating their learning [45]. In RQA, there is a reading phase where students can use various information or learning materials prepared by the lecturer. In addition, students can add or search for similar information or supporting information in reading to compare or analyze the various truths of the information. Another important phase of RQA learning is questioning. In this phase, students formulate questions as a form of planning in learning, but it also helps encourage critical thinking skills [37]. 
Questioning is an integral part of meaningful learning and scientific inquiry. Formulating good questions is a creative act and the essence of science. Questioning is a thinking process skill structurally embedded in critical thinking, creative thinking, and problem-solving [46]. Despite students' questioning capacity, much potential exists to enhance learning, but it needs to be tapped. It may be because students do not want to draw attention to themselves or because teachers often need to encourage students to question. Also, only some students spontaneously ask high-quality thinking or cognitive questions, with most of the questions being factual, procedural, or closed-ended [47].
[bookmark: _Hlk99717750]Another phase that has the potential to increase metacognitive awareness and critical thinking skills is answering. Questions developed by students are more directed at developing metacognition and higher-order thinking skills. Therefore, the answers are also obtained through in-depth investigation and exploration by students through searching and extracting data or information from various sources or references. These cognitive processes effectively increase metacognitive awareness and creative thinking skills.
In RQA, questions are asked for several purposes. First, teachers ask questions in class to check students' understanding. When the lecturer presents new material or relates to previous content, the lecturer can use questions to check whether the students have understood. Second, teachers ask questions to find out if students are thinking. The art of making good decisions often begins with the art of asking the right questions. In addition, questions can be used to encourage students to talk about themselves and their experiences. Questions encourage students to interact in groups. Questions require students' cognitive engagement in learning by initiating interaction in the classroom. Students who engage in dialogical thinking engage in discussion. Discussion and dialogue are central to developing students' critical thinking skills. On the other hand, questions also play an important role in motivating students. Questions to students are one of the strategies to train their critical thinking skills. Students' level of thinking is, in fact, directly proportional to the level of questions asked [48], [49]. 
[bookmark: _Hlk99717795]The learning model for honing critical thinking emphasizes learning transconstextual thinking skills and metacognition. This model consists of four components: (1) the disposition or attitude to recognize that these skills are needed and the willingness to apply them, (2) the instruction and practice needed so that students and society, in general, know that critical thinking skills can be generalized, identified, and assessed, (3) the presence of structured problems or new contexts and (4) metacognition, which directs what we know about what we know [50]. 18 specific techniques for students to master critical thinking skills, which has implications for preparing instruction. The examples include being an active learner, asking questions, thinking as an instructor or coach, and seeking interconnections.
Besides RQA, PBL also has the potential to increase metacognitive awareness. PBL is the most innovative learning model that stimulates students, where structured or authentic problems are presented to students to embed the learning process by building new knowledge into solving the problem [51]. Studies show that PBL not only increases awareness in learning but also critical thinking skills, improves students' academic achievement, and enables them to communicate in group discussions and build their knowledge compared to conventional learning models [52]. Other results show that PBL increases student engagement by fostering group work skills that stimulate cooperation and mutual analysis by enabling knowledge, information sharing, and discussion [53], [54]. 
Metacognitive awareness is one of the key competencies in the learning process in the 21st century because it can generate good ideas and solutions in the learning process [55]. Lecturers as designers should be able to design or design all learning activities well so that students also feel challenged in encouraging critical and innovative thinking in learning. Still, the most important thing is awareness in understanding learning so that they can make planning, action, monitoring, and evaluation to repeat the same learning cycle. Thus, occasionally, there must be improvements and increases in metacognitive awareness and critical thinking skills in solving problems and making the best decisions.

4.  CONCLUSION
Based on the results of the research and discussion that has been carried out, it can be formulated that the learning model affects students' metacognitive awareness and critical thinking skills. The PBLRQA learning model significantly influences the metacognitive awareness of PGSD FKIP (Elementary School Teacher Education, Faculty of Teacher Training and Education) Pattimura University students. Based on the conclusions of this study, several suggestions can be made related to the findings of this study, including: 1) For lecturers, the findings of this study reveal that the PBLRQA learning model has the potential to empower metacognitive awareness so that it is suitable to be applied to learning at the college level as well as at other levels. 2) It is necessary to disseminate information on this study's findings by introducing the PBLRQA learning model because it has been proven effective in increasing students' metacognitive awareness.
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