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Abstract. Traditional learning strategies were still dominated the pattern of lectures at the 
Faculty of Mathematics and Natural Sciences, Universitas Negeri Makassar, Indonesia. This 
strategy was not optimal to empower metacognitive skills of students. Problem Based Learning 
(PBL) is a constructivist learning strategy that could potentially in empowering metacognitive 
skills. The implementation of PBL has revealed various benefits, but there was also some 
weakness. Thus, it required a learning strategy, which is expected to cover that weakness of 
PBL as Questioning, Reading, and Answering (RQA) learning strategy. RQA is a learning 
strategy developed based on the fact that almost all students do not read the upcoming lecture 
materials, causing failure of learning strategy planned and finally the students’ comprehension 
becomes low. Integration PBL and RQA is called PBLRQA learning strategy. This research 
was a research and development (R & D). This article reports the development and validation 
of the PBLRQA strategy. The research using 4D model (Define, Design, Develop, and 
Dissemination). The result of research showed that this learning strategy and its learning 
instrument to be a valid strategy and learning instrument of metacognitive skills empowerment. 
Teacher can use this strategy in other lectures and consider with the learning material 
characteristics. 

1.  Introduction 
During this time, the lectures of Animal Physiology in Department of Biology, Faculty of 
Mathematics and Natural Sciences, Universitas Negeri Makassar, Indonesia, tend to focus on 
cognitive learning outcomes and have not yet empowered the students’ metacognitive skills. This 
implies the cognitive abilities of students who tend to be low because they have not been trained to be 
self-regulated learners. Metacognition skills can be empowered through learning strategies. 

It takes a learning strategy that is capable to empower metacognitive skills. According to reference 
[1], empowerment of metacognitive skills was important to make students become independent 
learners. By the empowerment of metacognitive skills, students can manage their own learning and 
can improve their learning outcomes. There was a relationship between metacognitive skills and 
students’ cognitive learning outcomes [2] and student retention [3,4]. 

Problem-based Learning Strategy (PBL) is considered appropriate to empower students' 
metacognitive skills. PBL is based on learning not only the process of memorizing concepts or facts, 
but the process of interaction between students and their environment. PBL could develop higher-
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order thinking skills such as metacognitive skills [5,6], critical thinking, self-learning, and cooperative 
skills [7]. PBL involved thinking activity to solve the problems, and correlated with the cognitive 
function of learners [8]. 

The implementation of PBL reveals various benefits, but there are also some weaknesses in this 
learning strategy. The use of PBL required more time, more material, and made the student should 
seek more information [9], not all students could be involved [10], lack of curriculum and textbook 
guidance containing various example problem [11]. It could make the students or even teachers having 
difficulty to raise the problem. Students also have difficulty to solve problems due to lack of prior 
knowledge of students related topics covered due to lack of interest in reading students.  

Another learning strategy is Reading, Questioning, and Answering (RQA), a strategy developed 
based on of the fact that students did not read the course material, which resulted in a lecture strategy 
that is designed to be difficult to accomplish and ultimately the understanding of lecture material 
becomes low. Reference [1] argued that the implementation of RQA proved to be able to force the 
students to read the course material, so that the lecture strategy designed can be done and the 
understanding of the lecture material has been improved. The reference [12] also found that students’ 
metacognition could be improved through the RQA strategy. With the improvement of metacognitive 
skills, is expected to improve student cognitive learning outcomes. 

The integration of the RQA syntax into the PBL (PBLRQA), is expected to complement and 
overcome the weakness of each strategy and also to maximize their potential to empower students' 
metacognitive skills. Based on the above rationality, it is deemed necessary to develop a PBLRQA 
strategy in Animal Physiology lectures to empower metacognitive skills of students. 

2.  Experimental Details 
This research was a Research and Development using the development of instructional design 4 D 
model [13]. Research stages include define, design, and develop of PBLRQA strategy and 
instructional tools of Animal Physiology course. The disseminate is planned to be carried out on large-
scale testing (experimentation). Once developed, PBLRQA learning strategies and instructional tools 
in the form of semester course plan and evaluation instruments in the form of an essay test were 
validated by two experts and then revised. In addition to validated by experts, evaluation instruments 
were tested on the students of Department of Biology, FMIPA UNM, Indonesia. 

3.  Results and Discussion 

3.1.  Define 
The purpose of this stage is to define the requirements of learning with the analysis of the objectives of 
the material constraints at beginning. This stage includes: First, front-end analysis aimed to establish 
the basic problems faced in the course. The results of analysis showed that the Animal Physiology 
course was dominated by learning that is still oriented to mastery of concepts and tends to ignore the 
empowerment of metacognitive skills. Second, the results of student analysis indicated that the 
heterogeneous student academic ability of students with high academic ability, moderate, and low. 
Third, task analysis includes content structure analysis and procedural analysis. The learning outcome 
of this course includes aspects of knowledge, attitude, general skills, and special skills. Fourth, 
material analysis involves the formulation of learning objectives and the identification of the learning 
material. 

3.2.  Design 
This stage aimed to produce the design of strategies and learning tools. At this stage the PBLRQA 
syntax was designed. In design of learning tools consists of: (a) design of learning syntax, (b) selection 
of the semester course plan format, (c) initial design of the semester course plan, (d) preparation of an 
essay test to measure students' metacognitive skills (e) design of observation sheet, (f) design of 
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metacognitive skill rubrics, and (g) design of cognitive rubric. The result of this stage was prototype 
strategy and lecture tool. 

3.3.  Develop  
This stage produced a revised syntax of PBLRQA and the instructional tools based on the suggestions 
from the experts. The semester course plan is a planning program developed as a guideline for 
lecturing for every learning process activity. Components include learning objectives, learning 
materials, learning strategies and methods, learning steps, learning resources, and assessment. This 
stage is generated a valid learning device that will be used in experimental research. 

3.3.1.  PBLRQA Strategy and learning instrument  
The learning strategy was the PBLRQA strategy, which is the integration of Problem-based Learning 
(PBL) strategy with Reading, Questioning, and Answering (RQA). Instructional tools developed were: 
(a) semester course plan, (b) an essay test instrument for measuring metacognitive skills and 
measuring students' cognitive abilities (c) metacognitive skill rubrics, and (d) cognitive rubrics. 
Implementation of learning strategies PBLRQA refers to the learning components such as the 
application of syntax, social systems, reaction principles, support systems, instructional and 
accompanist impact. 

3.3.1.1 Learning syntax of PBLRQA 
The lecture syntax developed in this study was the syntax of learning strategy that integrates the PBL 
syntax with RQA learning syntax, hereinafter referred to as PBLRQA strategy. Characteristics of PBL 
and RQA syntax allow both to be integrated into a new learning strategy. The PBLRQA learning 
strategy has six steps, as shown in Table 1. 

Table 1. Syntax of PBLRQA strategy. 

Phase Teaching Activity 

Orientation of students to the problem, and 
directs students to read the literature 

Explain the purpose of learning, logistics 
required, learning topics, and directs students to 
read literature, motivating the students to engage 
in problem-solving selected 

Students make questions over the reading 
material and related issues 

Assign students to submit problems related 
reading material in the form of questions and 
then answer the questions that have been created 

Organizing students to learn Organize students to learn according to the 
group that has been formed 

Guiding investigations in groups and discuss 
the answers and questions that have been made 

Guiding group discussion  

Develop and submit work through group 
presentations  

Helping students plan and prepare appropriate 
work such as reports, videos, and models as well 
as helping them to share tasks with friends 

Analyze and evaluate the problem-solving 
process 

Helping learners to reflect or evaluation of their 
investigation and the processes they use 

3.3.1.2 Social system 
The social system explains the relationship between students, teachers, and the environment, so that 
these systems are expected to contribute to each other to implement the PBLRQA learning strategy. 

3.3.1.3 Principle of reaction 
The reaction principle relates to the ability of the lecturer to respond to questions, answers, or other 
activities undertaken by the student. The lecturer's role in PBLRQA strategy as a facilitator that 
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provides a number of activities to stimulate student curiosity, encourages students to explore ideas and 
communicate them scientifically, as mediators that help students connect their learning resources as 
motivators that motivate students to develop their learning interests, as a moderator that directs 
learning activities. 

3.3.1.4 Supporting system 
Implementation of PBLRQA strategy requires instructional tools in which there are semester course 
plan and evaluation instruments, and others supporting tools. 

3.3.1.5 Instructional and accompanist impact 
Instructional impact of metacognitive skills trained to students on every step of learning. From this 
learning strategy it is expected that the students can make their learning meaningful through the 
experiences given by the lecturer or from the students' own experience. Accompanist impact in terms 
of improvement of learning outcomes that are directly achieved by directing students to the expected 
learning objectives. 

3.3.2.  Validation Results of  PBLRQA Strategy 
The PBLRQA strategy developed has been further validated by two experts. The validation results are 
shown in Table 2. 

Table 2. Validation result of PBLRQA strategy appropriateness. 

No Aspect 
Validator 

Val. 1 Val. 2 Average Category 
1 Purposes 4 4 4 SV 
2 Supporting Theory  4 3.5 3.75 SV 
3 Learning Syntax 3.9 3.8 3.85 SV 
4 Social System 3.5 3.5 3.5 V 
5 Principle of Reaction 4 4 4 SV 
6 Supporting System 4 4 4 SV 
7 Instructional and Accompanist Impact  3.67 4 3.84 SV 
8 General Conclusion of Validation  4 3.5 3.75 SV 

 Average 3.84 SV 
Notes: V: Valid, SV: Strongly Valid 

Table 2 shows that the PBLRQA strategy, in terms of objectives, supporting theories, learning 
syntax, social systems, reaction principles, support systems, instructional impacts, and accompanist 
impact, can be categorized as strongly valid with a mean validity of 3.84. 

3.3.3.  Validation Result of Instructional Tools 
The semester course plan referring to the PBLRQA strategy developed has been further validated by 
two experts. The validation results are shown in Table 3. 

Table 3. Validation result of semester course plan. 

No Indicator 
Validator 

Val. 1 Val. 2 Average Category 
1. Identity  4 4 4 SV 
2 Learning outcome (Cognitive, Affective, and 

Psychomotoric) 
3 4 3.5 V 

3 Basic competence 4 4 4 SV 
4 Course Material 3.6 3.4 3.5 V 
5 Learning Activity  3.75 3.75 3.75 SV 
6 Leaning Experience 4 3 3.5 V 
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7 Assessment and Evaluation 4 3 3.5 V 
8 Time Allocation 4 4 4 SV 
9 Reference for Students Worksheet  4 3 3.5 V 

 Average 3.69 SV 
Notes: V: Valid, SV: Strongly Valid 

Table 3 shows that the semester course plan, reviewed from a variety of validity indicators, can be 
categorized as strongly valid with validity rating was 3.69. Assessment tools in the form of integrated 
essay tests to measure metacognitive skills and cognitive ability of students who have been developed 
subsequently validated by two experts. The validation results are shown in Table 4. 

Table 4. Validation result of test instrument. 

No Indicator 
Validator 

1 2 Average Category 
1. Learning Material 4 3.75 3.88 SV 
2 Rubric 4 4 4 SV 
3 Construc 3.67 4 3.84 SV 
4 Language 3.75 3.5 3.63 SV 
 Average 3.84 SV 

Notes: VV: Strongly Valid 

Table 4 shows that the essay test instrument to measure students' metacognitive skills, viewed from 
the material aspect, rubrics, constructs, and language, is categorized as strongly valid with a validity 
rating was 3.84. 

The results showed that PBLRQA strategy and instructional tools were declared valid and feasible 
to be used. Learning strategies that integrate PBL and RQA form a PBLRQA strategy will 
complement each other and optimize their potential to empower the metacognitive skills. The syntax 
of PBL and RQA in this strategy has the same goal of developing self-directed learning so that 
students can be responsible for organizing and controlling their own learning (self-regulated). 
According to reference [1], self-regulated learning could be empowered or trained through specific 
strategies or efforts. Therefore the PBLRQA strategy has the opportunity to empower metacognitive 
skills that ultimately enhance students' conceptual understanding. 

The potential of PBLRQA strategy in improving metacognitive skills is inseparable from the PBL 
stages in this strategy. Through the PBL stages, students are faced with an ill-structured real-world 
problem and the student seeks to make the problem a well-structured one. Students will formulate 
several possible hypotheses and solutions based on information from various sources of reading. The 
activities of learners that occurred during the PBL implementation clearly involved metacognition 
[5,6,14]. PBL enhanced self-regulation [15] and leads to a process of thinking and learning. 

The PBL stages of the PBLRQA strategy allow students to participate, and deal with problem-
solving situations in small group work during the learning process [16]. In this strategy, problems 
were the first step in collecting and integrating new knowledge and facilitating students to learn 
through real-world problem solving [17], and authenticity as well as integrating interdisciplinary 
knowledge [18]. The main purpose of PBL was to guide students' self-development to be skilled in 
terms of recognizing the need to learn, setting their own learning goals, defining relevant questions to 
learn, accessing relevant information, testing in-depth understanding of what has been learned [19,20]. 
Reference [21] mentioned that the purpose of PBL was to make learners proficient in process skills 
and problem-solving skills and lifelong learning which is an independent learning skill. 

In addition, optimizing the empowerment of students' metacognitive skills in PBLRQA strategies is 
also inseparable from the RQA stages. Reference [22] reported that the RQA learning strategy proved 
to empower students' metacognitive skills. Reference [6] explained that students must first carefully 
read related material, to capture the main meaning. Furthermore, on the basis of the main meaning that 
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has been captured, then the learners are ready to prepare the questions that contain the problem, and of 
course also easy to formulate the answer. From reading activities, students can do self- assessing, 
where students will understand what has been known from reading activities that have been done. All 
the processes that the learners are living related to the RQA syntax is certainly "forced" them to get 
used to thinking high level. 

More specifically, the stages of raising problems in terms of questions on PBLRQA strategy are 
part of empowering students' metacognitive skills. Question is the trigger of the student's thinking 
process. Reference [6] suggested that questioning skills were part of metacognitive skills. 
Furthermore, reference [6] explained that one of the alternative improvement of students' thinking 
ability was by asking questions that can stimulate the thinking process. Correspondingly, reference 
[23] found that student mastery was better if they are taught to ask themselves. Reference [23,24] 
suggested that questioning strategies have the effect to empower metacognitive skills, and inquiring 
could be classified as a metacognitive strategy depending on the purpose of asking. 

In line, reference [25] said that questions could help students think coherently and develop the 
thinking skills. Reference [26,27] suggested that the questions posed by learners could be used by 
lecturers to check students 'understanding, and to improve students' thinking processes. Reference [28] 
explained that the easiest way to challenge creative and critical thinking was with questions. 
Therefore, in an effort to improve students' thinking skills, lecturers should direct students to be skilled 
questioners.  

The last step of PBLRQA is making summary. This kind of learning activity shows metacognitive 
learning patterns. This is in line with the statement that summarizing was one of the learning strategies 
that can empower the metacognitive skills of learners [6,29]. This potential is believed to be even 
greater because the summarizing task is carried out at the end of the PBLRQA. 

In this PBLRQA, students are trained to conduct self-assessing by matching what is known or 
misconceptions of known concepts, what is not yet known and how to empower the knowledge that 
has been obtained after the lecturer to clarify at the end of the learning. When students begin to master 
metacognitive strategies and learn when, how, and why to use them, they are able to learn more 
effectively and intensively. This is in line with reference [30] reported that skilled learners make an 
assessment of themselves aware of their abilities, acting more strategically and better than the 
unskilled. 

PBLRQA demonstrating the metacognitive strategy training pattern has been proven to improve 
students' metacognitive skills. The findings of this study are in accordance with the results of the 
reference [31] study using a metacognitive self-regulated learning strategy to help learners improve 
their metacognitive skills. Thus, PBLRQA stages help students to develop thinking skills and make 
students be self-regulated learner. 

Another benefit of implementing the PBLRQA strategy is to train cooperative learning to share the 
skills, experience and understanding they are induced through the principle of clarifying the answers. 
Reference [6] argued that the potential of RQA to empower students' metacognitive skills theoretically 
gets bigger, when the implementation of the learning syntax takes place in groups. Reference [32] 
stated that cooperative learning in general had the potential to empower metacognitive skills. 

Through empowerment of metacognitive skills during learning with PBLRQA strategy, it is 
expected to have a positive impact on the development of cognitive aspects of students. This is in line 
with reference [33] stated that metacognitive skills encouraged students to become their own upper-
class managers and become assessors of their own thinking and learning. The syntax integration of 
PBL strategies with RQA syntax will complement and reinforce each other. Teachers need to apply 
learning strategies that not only emphasize cognitive development but more metacognitive aspects are 
also important to be empowered during learning process. 

4.  Conclusion 
Based on the above explanation, it can be concluded that PBLRQA learning strategies and lecture 
tools that have been developed meet the valid criteria. However, it is necessary the practically and 



7

1234567890 ‘’“”

2nd International Conference on Statistics, Mathematics, Teaching, and Research IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1028 (2018) 012028  doi :10.1088/1742-6596/1028/1/012028

 
 
 
 
 
 

effectiveness testing in experimental research to prove the potential of integration of PBL and RQA 
into PBLRQA strategies to empower students' metacognitive skills.  
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