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IntroductIon
Education should be able to prepare students to face the 
challenges of life in the 21st century, which requires students 
to have several skills, namely critical thinking skills, problem-
solving skills, and metacognition (Fuad et al., 2017; National 
Education Association, 2014; Pacific Policy Research Center, 
2010; Robinson & Kay, 2010; Saavedra & Opfer, 2012). The 
education model still being implemented today is a traditional 
education model focusing on content to answer only exam 
questions (Pacific Policy Research Center, 2010).

Students’ critical thinking skills have yet to reach the 
stage where students can understand and learn to use them 
(Setiawati & Corebima, 2017). Students need to understand 
the usefulness and benefits of learning content before 
memorising it. Teachers only care about achieving material 
content if they train students’ critical thinking skills (Fahim &  
Pezeshki, 2012; Snyder & Snyder, 2008). The results are that 
students cannot take advantage of the learning outcomes in real 
life because they assume that what they learn in class differs from 
what they have to face in real life (Hasan et al., 2013).

Critical thinking skills are essential in the teaching 
and learning process (Heard et al., 2020; Raj et al., 2022). 
However, some obstacles still hinder their implementation in 

the classroom, one of which is cultural constraints, namely 
the teacher’s authority and the students’ individualism 
(Junining, 2016). The teacher takes overall learning activities 
and makes students passive learners. The teacher has yet to 
explicitly develop the principles and procedures for students’ 
critical thinking skills and only assumes that students will 

AbstrAct 
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acquire independent thinking skills due to their involvement 
in learning (Tiruneh et al., 2014).

Besides critical thinking skills, students’ metacognitive 
skills must also be improved. This is reflected in student gains 
on the 2018 PISA test placing Indonesia in rank 71 out of 
78 participating countries (OECD, 2018). The results of the 
2018 PISA study released by the OECD show that the ability 
of Indonesian students to read achieved an average score of 
371, with an average OECD score of 487. Then the average 
score for mathematics reached 379, with an OECD average 
score of 487. Furthermore, for science, the average score of 
Indonesian students reached 389, with an OECD average 
score of 489 (Kemdikbud, 2019).

Learning in the classroom still uses the classical method, 
where students are asked to memorize several pieces of 
information and formulas (Bahri & Corebima, 2015; Bahri 
& Idris, 2017). Teachers have a minor role in creating a 
learning environment that can hone students’ metacognitive 
skills (Pangestuti & Zubaidah, 2018; Susantini et al., 2018; 
Young & Fry, 2012). This condition causes students to need 
to learn the correct way of learning in dealing with learning 
problems. Students’ lack of metacognitive abilities results in 
students not finding suitable learning strategies according to 
their character. They learn only with the concept of reading, 
memorizing then answering questions without being followed 
by an awareness of what and why it happened (Abdelrahman 
& Abdelrahman, 2014).

Besides the two skills above, students’ problem-solving 
skills are also of concern. Students need to be more active 
when dealing with questions requiring problem-solving 
(Suyidno et al., 2018). Students are more comfortable with 
criteria C1 and C2 in the revised Bloom’s taxonomy (Caliskan, 
2017). Students need help dealing with story problems that 
emphasize problem-solving in their conclusions (Aurah, 
2013; Docktor & Heller, 2009; Lee et al., 2009).

Teachers often use lower-order thinking skill questions 
so that students’ problem-solving skills are not trained (Meier 
et al., 2010). Teachers are also reluctant to ask challenging 
questions and assume students will not solve them (Serin 
et al., 2012). These problems give students less opportunity 
to practise their thinking skills, especially problem-solving 
skills.

Many studies try to improve students’ critical thinking 
skills through discovery learning (Anazifa, 2016; Canziani & 
Tullar, 2017; Facione et al., 2000; Fong et al., 2017; Hariyanto 
et al., 2022; Pangestuti & Zubaidah, 2018; Suwono et al., 2017; 
Wang et al., 2012). Some studies report the results obtained 
in improving problem-solving through discovery learning 
(Brenner & Parks, 2001; Serin et al., 2012; Siew & Mapeala, 
2016; Thabet et al., 2017). The research seeks to improve 

students’ metacognition with discovery learning models 
(Bahri & Corebima, 2015; Herlanti et al., 2017; Susantini et 
al., 2018). However, researchers have yet to try modifying 
and applying discovery learning to develop students’ critical 
thinking, metacognitive, and problem-solving skills.

This study integrates learning discovery with Reading, 
Questioning, and Answering (RQA). Learning discovery 
emphasizes activity and empowerment, aiming to develop 
critical thinking, metacognitive, and problem-solving 
abilities. However, discovery learning requires a long time 
to allow students to read the material outside of a school 
environment. The RQA model can overcome this weakness: 
the syntax of students reading literature at home. This step 
allows students to obtain the data needed during the learning 
process discovery.   

Integrating models Discovery and RQA will make it easier 
for students to search and find the necessary information. 
This learning will require critical thinking skills in finding 
information, sorting out information that fits the conditions 
needed, and analyzing information to get conclusions 
previously made by the problem formulation. This condition 
will develop their critical thinking and metacognitive skills. 
Another skill that can be developed in learning the discovery 
model integrated with RQA model is problem-solving. 
Students are taught how to solve problems contained in 
learning. 

The model learning syntax discovery that has been 
integrated with RQA (Reading, Questioning, and Answering) 
is made by integrating the two models to fill in the gaps 
and weaknesses of the two models; the syntax integration 
is (1) reading, (2) questioning, (3 ) exploration, (4) concept 
acquisition, and (6) concept application. 

Syntax reading is an activity for students to read the 
material provided by the teacher to stimulate questions 
students. This activity reading is carried out in their homes 
after receiving directions and/or giving a module by the 
teacher. 

After reading the module/reference suggested by the 
teacher, students are asked to make questions (questioning) 
on the material they have read. This syntax is the first step to 
guide students to explore and focus on one topic, the syntax 
of questioning in RQA is similar to the problem formulation 
step in the syntax Discovery. This activity is also carried out at 
the homes of each student.  

Exploration is the third syntax of the DisRQA model. 
This activity tries to explore all sources to solve questions 
or problem formulations that have been previously made 
at home. Activities exploration include class discussions, 
observation activities, practicum activities, and literature 
review with general references and references. The teacher’s 
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activities are explorations carried out in schools with teacher 
guidance.  

The fourth syntax is Concepts acquisition, an activity 
where students arrange the concepts they have collected to 
build new knowledge from the information fragments they 
have obtained. Concepts acquisition will build a new concept 
based on students’ previous problems. This activity will give 
birth to a solution to answer previously prepared questions; 
this step will lead students to conclusions and new science. 
This step is similar to the step answering in the syntax of the 
RQA. 

Concepts application is an activity to compile the 
knowledge that students have obtained by asking them to 
solve problems in the natural environment related to the 
knowledge they have obtained from the four previous learning 
steps. Students are presented with authentic problems in the 
community and ask students to solve these problems. This 
syntax is the primary goal of the DisRQA step: to produce 
critical students in solving problems in the surrounding 
environment.

This instructional strategy should support independent 
learning in students. Critical thinking skills in this study used 
indicators adopted from Facione, namely, interpretation, 
analysis, evaluation, making inferences, communicating 
and metacognition. Metacognitive indicators adapted 
from Anderson & Krathwohl consist of five indicators: 1) 
Realizing the process of thinking and being able to describe 
it, 2) Developing the introduction of thinking strategies, 3) 
Reflecting procedures evaluative, 4) Transfer of experience 
knowledge and procedural in other contexts, and 5) Connect 
a conceptual understanding with experience. 

Problem-solving indicators are taken from the rubric 
created by the Department of Chemical Engineering, CRCD 
(Project, 2002), which had six assessment indicators: 1) 
determining issues and the primary purpose; 2) applying 
prior knowledge; 3) determining information use; 4) creating 
and carrying out experiments; 5) analyzing and interpreting 
data; and 6) evaluating oneself and others with three criteria: 
exemplary, reasonable, and needs improvement.

Methods
Research design
The research was a quasi-experimental design with a non-
equivalent posttest-only control group design (Cohen et 
al., 2007) designed to test students’ critical thinking skills, 
metacognitive skills, and problem-solving through an 
integrated discovery learning RQA model. The assumption 
test was carried out in the preliminary study, and the data were 
reported to be homogeneous and equivalent. The research 
design in more detail is shown in Table 1The explorative class 

Table 1: Research design

Classes Conduct Result
explorative 

control
DisRQA
- 

01
02

received instruction using the RQA integrated discovery 
paradigm in accordance with Table 1, while the control class 
was given learning using the model commonly used by the 
teacher. After the treatment, the explorative and control 
classes were given a post-test to determine critical thinking, 
metacognitive, and problem-solving skills. 

Population and Sample
One hundred ninety-three junior high school students made 
up the population size for this study. A random sampling 
technique was chosen to determine the research sample. 
Two times, via lottery, 72 pupils were chosen as samples. (36 
students as the explorative class and 36 as the control class).

Data Collection Tools 
Scores of students’ critical thinking abilities, metacognitive 
and problem-solving were obtained using an instrument 
tested for reliability and validity. Table 2 displays the grid, 
including the assessment dimensions for critical thinking 
and problem-solving abilities. The test assessment criteria 
are scored one if the answer is correct and 0 if the answer 
is incorrect. The validity of the instrument was tested using 
Pearson’s product moment. The test findings demonstrate 
that, with an R-value of 0.82, every instrument item is 
deemed legitimate. With a coefficient of 0.79 and a very high 
dependability category, the Kuder-Richardson formula (KR-
20) is used to calculate instrument reliabilit

Data Analysis
This study used two fundamental analyses, statistical analysis 
descriptive and inferential analysis Manova. Descriptive 
analysis calculated the mean, maximum, minimum, and 
standard deviation mean. Meanwhile, Manova inferential 
statistics were used to test the research hypotheses. The 
prerequisite test for the Manova test was first carried out to 
ensure that the data was suitable for analysis using Manova 
inferential statistics. Data distribution normality test, variance 
homogeneity test, and multivariate homogeneity test were 
carried out with the help of the SPSS 25 application.

FIndIngs
Data on critical thinking and problem-solving skills 
were taken after students participated in RQA-integrated 
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Table 2. Grid instrument

Variable Indicator Number of items
Critical thinking skills

Metacognitive

Problem-solving skills

 

Interpretation  

Analysis

Evaluation

Making inferences

Communicating

Reflection on the thinking process and being able to describe it 

The experience of introducing thinking strategies

Reflecting on evaluative procedures

Transferring other procedural knowledge and contexts

conceptual understanding connecting with the experience

Determining issues and the primary purpose 

Applying prior knowledge

Determining information use

Creating and carrying out experiments 

Analyzing and interpreting data

Evaluating oneself and others

2
4
4
4
3
3
2
2
2
2
 2     
2
2
2
2
2 

Total 40

Table 3: Descriptive results of group data experiment and control

Descriptive 
Statistics

Experimental Group Control Group
Critical thinking Metacognitive Problem-solving Critical thinking Metacognitive Problem-solving

N

Minimum

Maximum

Mean

Std. Deviation

36

80

93

86.08

3.73

36

80

93

87.69

3.74

36

81

97

89.36

3.55

36

60

70

63.89

2.92

36

60

70

64.25

2.92

36

62

72

67.08

2.52

discovery learning in the experimental and control groups 
with the usual model teacher used. The descriptive analysis 
of critical thinking skills and problem-solving results in the 
experimental and control groups are shown in Table 3. It 
can be seen in Table 3 that critical thinking, metacognitive 
and problem-solving skills in the experimental and control 
groups have significant differences.

Figure 1 compares the average problem-solving, meta-
cognitive, and critical thinking results in the experimental 
and control groups.

Next, hypothesis testing is carried out, but before 
deciding on the type of analysis to be used, the data must 

Fig. 1: Comparison of the experimental and  
control groups’ critical thinking, metacognitive and 

problem-solving skills.
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Testing the effects between learning models using 
Manova shows that the RQA integrated discovery learning 
model significantly affects all the independent variables 
studied. The results of Manova’s calculation show that the 
critical thinking skills variable (variable X1) has a significance 
value of 0.000 (<0.005). The same results were also shown 
in the metacognitive skill variable (X2), which had a 
significance value of 0.000 (<0.005). As the two variables that 
have been mentioned, the third variable in this study is the 
problem-solving skills variable (X3) which also has the same 
significance value of 0.000 (<0.005).

dIscussIon
The influence of the RQA integrated discovery learning 
model on all variables included in this study is due to the 
syntax contained in the model. The RQA integrated discovery 
model has a reading and questioning syntax. This step trains 
students to develop their way of learning (metacognitive) 
(Bahri & Corebima, 2015). Students are given the amplest 
opportunity to read some literature, investigate the reading 
they are doing, and record all the information they do 
not understand in the form of question words (Hariyadi 
et al., 2017; Hariyanto et al., 2023). This step will practice 
metacognitive and critical thinking skills together in contrast 

first be tested for prerequisites, including tests for normality 
of data distribution and tests for homogeneity of variance. 
The normality test of the data was carried out with the 
Kolmogorov-Smirnov value of Sig. 0.31 > 0.05. These results 
indicate that data on critical thinking, metacognitive and 
problem-solving skills come from data groups that are 
normally distributed. The homogeneity of variance test was 
conducted using Levene’s test with 0.08 for critical thinking 
skills, 0.62 for metacognitive skills, and 0.11 for problem-
solving skills. Box’s Test of Equality of Variance Matrices 
analysis was used to test the normality of multivariate data 
and obtained an F value of 1,246 with a Sig value. 0.279. Based 
on these results, the research data is homogeneous. 

Manova is used for hypothesis testing after the prerequisite 
test is completed, and the data may be used with inferential 
statistics. Pillai’s trace, Wilks’ lambda, Hotelling’s trace, and 
Roy’s largest root all had significance values of 0.000 (sig 0.05) 
according to the MANOVA test analysis results. This value 
shows that students who participate in learning using the 
integrated discovery model of the RQA model and students 
who adhere to the learning model often used by teachers have 
the significantly different critical thinking, metacognitive, 
and problem-solving abilities. The effect of each independent 
variable on the dependent variable is presented in table 4.

Table 4 Analysis Results of Manova Tests
Source Dependent 

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

CorrectedModel X1 8933,389a 1 8933,389 943 114 .000
X2 9234,425b 1 9234,425 892 254 .000
X3 9893,556c 1 9893,556 878 436 .000

Intercept X1 440547,556 46509,419 .000 440547,556 1
X2 191477,347 30932,939 .000 191477,347 1
X3 415568,056 36897,734 .000 415568,056 1
X1 8933.389 1 8933.389 943 114 .000
X2 9234,425 892,254 1 9234,425 .000
X3 9893,556 878,436 1 9893,556 .000

Error X1 663 056 70 9472
X2 433 306 70 6,190
X3 788 389 70 11 263

Total X1 450144.000 72
X2 191911.000 72
X3 426250.000 72

Corrected Total X1 9596.444 71
X2 433 653 71
X3 10681,944 71
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to the teacher’s learning. The teacher has prepared questions 
and reading materials. Students need help determining 
which sources of information they will read and what types 
of questions they will seek solutions or answers to. This will 
cause students to become bored, and their thinking skills will 
not improve properly.

The exploration syntax is a step in the RQA integrated 
discovery model to hone students’ thinking skills in finding 
and finding the concepts needed to answer the available 
problems; this will hone skills in student problem-solving 
(Aurah, 2013; Suyidno et al., 2018). This activity will train 
students to sort and choose which content can be used 
as a reference to answer questions or problems presented 
in learning. This is different from the usual learning the 
teacher gives in class, which only emphasizes memorizing 
and listening to the teacher’s explanation. Students become 
passive learners, and their thinking skills need to be honed. 
Teachers need to provide more space for students to solve the 
problems they face on their own. Every step is always assisted 
and less trusted to become independent learners.

Concept acquisition provides a vast training space for 
students to practice their critical thinking skills (Akinbobola 
& Afolabi, 2009; National Education Association, 2014; Snyder 
& Snyder, 2008; Wang et al., 2012). Students are trained to 
construct new concepts from the information they previously 
collected. Through activities of concept acquisition, students 
are allowed by the teacher to learn how an expert makes a 
new concept from the pieces of information they get. This 
opportunity will hone students’ metacognition (Abdelrahman 
& Abdelrahman, 2014; Gotoh, 2016; Mawaddah et al., 2015; 
Thomas et al., 2008). They will learn how to learn, find their 
weak points and strengths in learning and use this knowledge 
as their learning style to take advantage of their potential 
(Kristiani et al., 2015). At the same time, teachers often give 
ordinary learning has less impact on students’ metacognitive 
development because the teacher has provided all learning 
steps and materials and answer opportunities. Students are 
less involved in searching, collecting, and processing data, so 
the conclusion stage is to get answers or solutions to problems.

Concept application explains why learning with the RQA 
integrated discovery model increases the three variables 
studied. The application of the concepts carried out by 
students cannot be separated from the scientific steps they 
previously did. This step is instrumental in developing their 
critical thinking skills (Hairida & Hadi, 2017; Lai, 2011; Paul 
et al., 1989; Snyder & Snyder, 2008). Problem-solving skills 
are also trained very well because, in this process, students 
will find solutions and explanations to questions previously 
prepared at the beginning of learning (Serin et al., 2012). In 
learning that the teacher often gives in class, students only 

receive all the material from the teacher. The teacher is an 
information centre to obtain all information from the teacher. 
Students cannot confirm and check the truth and validity of 
the information provided because the teacher never allows 
students to do this. Students are only asked to conclude the 
material from the data provided by the teacher. This causes 
students to be unskilled in thinking and not trained in 
developing their metacognitive skills.

The findings of several studies reported that learning 
based on the constructivist paradigm was able to improve 
student’s critical thinking skills (Bahr, 2010; Canziani & 
Tullar, 2017; Hairida & Hadi, 2017; Pangestuti & Zubaidah, 
2018) and were able to develop problem-solving skills 
(McDaniel & Schlager, 1990; Simon & Newell, 1970; Suyidno 
et al., 2018)  can be a strong argument why discovery learning 
based on constructivism can develop the skills studied in this 
study. Discovery, integrated with the RQA model, can make 
students think and use all their potential to get problems 
solving as the learning objective in this model. Using concepts 
brought into the real world makes students more challenged 
in solving problems and allows them to stand on their own 
feet in determining the decisions. Student activity in RQA-
integrated discovery learning is very high because, since the 
preparation of the concept, the preparation of questions to 
produce solutions is handled by the students themselves, and 
the teacher’s task is only to design and supervise the learning 
process. Learning is highly recommended to improve critical 
thinking skills, metacognitive skills and skills of students’ 
problem-solving.

conclusIon
Integrated discovery learning model RQA models 
significantly impact critical thinking skills, metacognitive 
skills of problem-solving, and students’ skills through the 
learning of science at the junior level. The integrated discovery 
learning model RQA model provides the most comprehensive 
opportunity for students to determine the types of references 
they will read, formulate their questions and are given the 
freedom to search, collect, analyze and conclude the data they 
get to answer the questions they previously made. This will 
be by the constructivist paradigm, which emphasizes learning 
from concepts and building knowledge from concept pieces 
to produce meaningful learning. The integrated discovery 
learning model RQA model can also train togetherness and 
a high sense of responsibility because, in this step, students 
are grouped into small groups to jointly seek and conclude 
the information they find to get solutions to the problems 
they face. Reading and questioning will also train students’ 
metacognitive skills to design their learning styles to get the 
necessary information.
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