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ABSTRACT 

This study aims to determine the effect of the problem-based learning model on science process 

skills and metacognitive awareness of class XI MIPA students at SMA Negeri 1 Dampal Selatan. 

This type of research is quasi-experimental by using the Pretest-Posttest control group design. The 

study population was (N = 129) students of class XI MIPA SMA Negeri 1 Dampal Selatan. The 

sampling technique is simple random sampling. Class XI MIPA 1 (n = 32) students as the 

experimental class and class XI MIPA 4 (n = 32) students as the control class. The research data was 

collected by using an essay test to measure science process skills and questionnaires to measure the 

metacognitive awareness of students on the salt hydrolysis materials. Data were analyzed 

descriptively with the statistic application. The science process skills of students with the problem-

based learning implementation model had (M = 71.84, SD = 7.956) with an effect size value of 8.92 

while the discovery learning model had (M = 72.34, SD = 7.872) with an effect size value of 8.33. 

Metacognition awareness of students with problem-based learning implementation model has (M = 

77.03, SD = 3,961) with an effect size value of 5.56 while the discovery learning model has (M = 

77.62, SD = 2.738) with an effect size value of 6.46. Research result show that: (1) the problem-

based learning model affects the science process skills of students on the salt hydrolysis materials; 

(2) the problem-based learning model affects the metacognitive awareness of students on the salt 

hydrolysis materials; (3) there is a positive relationship between science process skills and 

metacognitive awareness of students on the salt hydrolysis materials. 
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INTRODUCTION 

Education at various levels adapts to the development of the era of 

globalization. Therefore, various efforts have been made to improve formal 

education. Metacognition in learning and is an important determinant in the 

academic success of students. Students with good metacognition show better 

academic performance than students with poor metacognition (Danial, 2010). 

Through the development of metacognitive awareness, students are expected to be 

accustomed to planning, monitoring, controlling and evaluating what they have 

done (Jayapraba, 2013). This is in line with the research conducted by 

Sophianingtyas & Sugiarto (2013) which states that metacognition plays an 

important role in making learning and thinking more effective and efficient. 

http://creativecommons.org/licenses/by-sa/4.0/
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In addition to metacognition awareness, students' science process skills 

really need to be applied in the 2013 Curriculum through a learning model based 

on a scientific approach (Katuuk, 2014). The scientific approach is an approach in 

which in learning, students carry out scientific thinking and work processes so that 

learning objectives on aspects of attitudes, skills and knowledge can be achieved 

(Umar, 2016). The 2013 curriculum can be applied to all subjects, especially in the 

field of science, including chemistry (Permendikbud, 2018). 

Chemistry subjects are one of the subjects that can be obtained from the 

investigation process which includes ways of thinking, reasoning, formulating 

problems, conducting experiments and observations, analyzing data and concluding 

to produce scientific products (Hidayatin & Mitarlis, 2018). One of the objectives 

of learning chemistry in schools is so that students have the ability to gain 

experience in applying the scientific method through experiments or experiments. 

Therefore, chemistry learning in schools should involve students to be active in 

practical activities. It aims to hone students' skills in working scientifically, 

especially in science process skills (Permendikbud, 2018). 

According to Ergül et al (2011) science process skills are the skills 

possessed by scientists to acquire and develop scientific products. Science process 

skills involve cognitive, intellectual, manual and social skills. These skills include 

observing skills (observation), inference, grouping (classification), interpreting 

(interpretation), predicting (prediction), and communicating. During the learning 

process, students' science process skills can be developed and trained (Karsli et al., 

2010). Science process skills that have been achieved by students can be measured 

through learning evaluations in the form of appropriate assessments or assessments. 

Based on the results of interviews with several chemistry teachers in Tolitoli 

district, it is known that so far learning has been carried out using lecture, practice 

and practice methods. However, learning with the practical method is only done as 

a demonstration or never done. Students are not directly involved, so that the skills 

of students in implementing the scientific process have not been maximized. The 

results of observations at SMA Negeri 1 Dampal Selatan showed that the science 

process skills that emerged in learning activities were observation and 

communication. These skills are still relatively low because they are still limited in 

observing the teacher's explanations and communicating to provide opinions on the 

topics presented by the teacher. The low science process skills can be caused by the 

selection of learning models that are not related to science process skills. 

The choice of learning model is left to the teacher, adjusted to the 

characteristics of the material. Salt hydrolysis is a part of chemistry that studies the 

reaction of anions or cations of a salt or both with water, so that it can affect the pH 

of a solution (Chang, 2004). According to Desriyanti & Lazulva (2016) salt 

hydrolysis material is a material that has an applicative concept in everyday life. 

This material is an amalgamation of mathematical concepts and calculations, so a 

high way of thinking and analysis is needed to link these concepts and calculations. 
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One of the learning models that can be applied in the implementation of the 

curriculum 2013 is the problem-based learning model. Learning with a problem-

based learning model is an effective learning method to help students process 

information and construct their own knowledge about the social world and its 

surroundings (Permendikbud, 2018). The problem-based learning model is a 

learning model that stimulates students to think about solving contextual problems 

(Mariani et al., 2014). This learning model trains students to solve problems with 

the knowledge they have. Problem Based Learning is a learning model that uses 

problems as the first step in collecting and integrating the new knowledge. Problem-

based learning is learning a model that presents a contextual problem that stimulate 

students to learn. In the class that applying problem-based learning, students work 

in teams to solve real-world problems (Sanjaya et al., 2022).  

Based on the results of research Tamsyani (2016) states that there is an 

interaction between learning models and metacognitive awareness in influencing 

learning outcomes, students' prior knowledge affects their metacognition, where 

students who have high prior knowledge have higher metacognition than students 

who have low prior knowledge. This is in line with research by Rahmawaty, et al 

(2020) who said that metacognition is closely related to problem solving causes, 

one's awareness in use and control their thought processes can decide how to solve 

it a problem. The thought process in the problem solving is an important thing that 

is necessary received the attention of educators especially for help students to get 

develop problem solving skills. Furthermore, research conducted by Hardyanti et 

al., (2017) found that the problem-based learning model was effective in improving 

students' science process skills. Therefore, the purpose of writing this manuscript is 

to describe the effectiveness of the application problem-based learning model of 

salt hydrolysis material on science process skills and metacognitive awareness of 

class XI MIPA students at SMA Negeri 1 Dampal Selatan. 

 

RESEARCH METHOD 

The research method used in this study is a quasi-experimental design with 

a pretest-posttest control group design. This type of research is a quantitative 

approach using quasi-experimental and correlation methods. 

The research subjects were carried out in class XI MIPA 1 and XI MIPA 4 

at SMA Negeri 1 Dampal Selatan in the academic year 2021/2022. Class XI MIPA 

1 consists of 32 students, consisting of 11 boys and 21 girls, the average age is 16-

18 years. Meanwhile, class XI MIPA 4 consists of 32 people, consisting of 11 boys 

and 21 girls, the average age is 16-19 years.  

The design used in this study is the Pretest-Posttest control group design. In 

this design, chemistry learning is carried out, there are two groups chosen randomly, 

both groups are given a pretest to determine the students' initial knowledge, then 

given treatment and finally given a posttest as the final evaluation of learning 

(Sugiyono, 2016). The pretest-posttest control group design for the implementation 
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of the research can be seen in Table 1. 

 

Table 1. Pretest-posttest control group design 

Class Pretest Treatment Posttest 

Experiment 

Control 

T 

T 

X 

Y 

T 

T 

Source: Sugiyono (2016) 

 

Population in this study are students of class XI MIPA SMA Negeri Dampal 

Selatan as 129 students. Sample is a representative or part of the number of groups 

with characteristics possessed by the population. The sampling technique used by 

the researcher is the simple random sampling technique, where the determination 

of the sample is done randomly with the consideration that the class has almost the 

same characteristics (Arikunto, 2013). The samples of this study were students in 

class XI MIPA 1 as an experimental class with 32 students and class XI MIPA 4 as 

a control class with 32 students.  

The source of data in this study is primary data collected by researchers 

directly obtained through pretest and posttest filled in by students, then scores on 

each test result for science process skills and scores each statement in the MAI 

questionnaire for metacognition awareness. This research was conducted in three 

stages, namely the preparation stage, the implementation stage, and the final stage.  

After the data was obtained, descriptive analysis and statistical analysis were 

carried out using the T test, effect size test and correlation test. Statistical tests were 

carried out at a significance level of 5%. To determine the level of students' 

metacognition awareness using the value of each metacognitive awareness indicator 

in the MAI questionnaire, it is interpreted based on the assessor's guidelines 

according to Arikunto (2013). 

To determine the strength of the effect size of the application of the learning 

model in improving science process skills and metacognitive awareness of students 

by calculating the effect size value and interpreted based on the criteria guidelines 

according to Cohen (2013). 

To determine the relationship between science process skills and students' 

metacognitive awareness with a correlation test and interpreted based on the 

relationship level guidelines according to Sugiyono (2016). 

 

 

 

 

RESULTS and DISCUSSION 

The classical science process skills of students in the experimental class and 

control class can be seen from the pretest scores given at the beginning of the lesson 

and the posttest scores obtained after the end of the lesson. The data on the science 
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process skills of the experimental class and control class students can be seen in 

Table 2 

 

Table 2. The value of the results of the pretest and posttest of classical science process 

skills 

Experiment Class Control Class 

Description Pre-Test Post Test Description Pre-Test Post Test 

Sample 

Lowest Score 

Highest Score 

Average Score 

Ideal Score 

Standard Deviation 

32 

16 

25 

20,13 

100 

1,996 

32 

58 

96 

71,84 

100 

7,956 

Sample 

Lowest Score 

Highest Score 

Average Score 

Ideal Score 

Standard Deviation 

32 

17 

30 

22,88 

100 

2,915 

32 

56 

90 

72,34 

100 

7,872 

 

Based on Table 2, the results of the pretest and posttest of students in the 

experimental class increased from an average pretest score of 20.13 to an average 

posttest of 71.84. This is due to implementing the problem-based learning model 

according to the stages, the delivery of the salt hydrolysis concept material by the 

teacher is also clear by using LKPD and teaching materials in the form of modules 

designed according to the model. For example, at meeting 1 discussed the 

neutralization reaction material and the nature of the salt solution, in learning 

through apperception activities the teacher asked the concept of an acid-based 

solution as a prerequisite material. In addition, through the LKPD presented in the 

activity in the form of orientation to problems related to the nature of the salt 

produced from the neutralization reaction, students are trained to formulate 

problems, seek information related to problems that arise, identify problems, collect 

data, present results, conclude and evaluate results end. For example, conclusions 

about the neutralization reaction and the acidic or basic nature of a salt solution 

through a review of indicators to be achieved at the meeting. The teacher conducts 

contextual learning that is connecting with everyday life. For example in water 

purification by PDAM using aluminum phosphate salt which is completely 

hydrolyzed in water, the use of fertilizers made in the form of salt which is used to 

lower the soil pH to match the pH needed by plants, the use of soap. The application 

of the problem-based learning model can improve the ability of students to seek 

information, knowledge and solutions to problems provided by the teacher, so that 

by using the problem-based learning model students have prior knowledge through 

reading and remembering and understanding the material provided is much better. 

time compared to students who only get information. 

Science process skills also increased in the control class, it can be seen based 

on the data in Table 4, the results of the pretest and posttest given in the early and 

late stages of learning by applying the discovery learning model. The results of the 

pretest and posttest of students in the control class increased from an average pretest 

score of 22.88 to an average posttest of 72.34. This is because the application of the 
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discovery learning model can improve the ability of students to seek information, 

knowledge and solutions to problems given by the teacher, so that by using the 

discovery learning model students have prior knowledge through reading and 

remembering and understanding the salt hydrolysis material given far longer than 

students who only get information. The difference in science process skills between 

the experimental class and the control class after the learning took place was not 

too significant because the learning process that took place in the two classes both 

used an interactive learning model. The problem-based learning model applied in 

the experimental class and the discovery learning model in the control class can 

help students solve a problem that must be solved in groups, both to find answers 

based on their previous knowledge, understanding, and abilities by using the 

following steps arrive at an answer. 

Based on the results of the normality test of the pretest and posttest data 

showing that the data is normally distributed, and the similarity test of the two 

variances pretest and posttest shows that the data is homogeneous, then the data is 

analyzed using parametric statistical testing, namely statistical analysis of the t-test. 

The conclusion from the results of hypothesis testing in the experimental class and 

control class is that there is a significant difference between the results of students' 

science process skills in the pretest and posttest data. However, the difference in the 

results of the KPS between the experimental class and the control class was not 

much different. This not much difference is because learning in the control class 

with the discovery learning model is basically also able to improve students' science 

process skills on salt hydrolysis material. Furthermore, the effect size test was 

carried out to determine the strength and weakness of the increase in learning 

outcomes that described the size of the contribution of the application of the 

classical learning model in improving students' science process skills on salt 

hydrolysis material. The data used in this effect size test are pretest and posttest of 

science process skills, the results of the analysis of this test are presented in Table 

3. 

Table 3. Effect size of students' classical science process skills 

Parameter 
Class 

Experiment Control 

M Pretest 20,13 22,88 

M Posttest 71,84 72,34 

Std. Deviation Pretest 1,996 2,915 

Std. Deviation Posttest 7,956 7,872 

Effect Size (d) 8,92 8,33 

Criteria Very large Very large 

 

The results of classical data analysis, it can be interpreted that classically the 

effect of applying the problem-based learning model to improve students' science 

process skills on salt hydrolysis material is very large. The same thing also 

happened in the control class that applied the discovery learning model which had 

a very big influence in improving the students' science process skills on the salt 
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hydrolysis material. Classically, the effect size value in the experimental class is 

greater than the control class. This indicates that the problem-based learning model 

is more effective in honing the science process skills of students on salt hydrolysis 

material when compared to the discovery learning model. This finding is in line 

with Lutfa et al (2014) that the application of the problem-based learning model can 

grow science process skills. Furthermore, Susi & Yenti (2020) concluded that the 

problem-based learning model is more effective for students' science process skills. 

The application of the problem-based learning model can improve students' 

understanding of chemistry, especially salt hydrolysis. In addition, by constructing 

their own understanding, it is hoped that they can improve the students' science 

process skills. The aspects used as a reference for science process skills in this study 

are 1) observing, 2) classifying, 3) predicting, 4) measuring, 5) concluding, and 6) 

communicating (Aydin, 2013). 

The scores of the pretest and posttest results for the indicators of the science 

process skills of students in the experimental class can be seen in Figure 1. 

 

 
Figure 1. Experimental class science Process skills indicators 

 

Based on Figure 1, it can be seen that the results of the pretest and posttest 

have increased in all indicators of science process skills. The KPS indicator whose 

percentage value is close to the ideal score after the learning activity takes place 

with the application of the PBL model on salt hydrolysis material is the indicator of 

observing, predicting and classifying. This shows that there is an effect of the 

problem-based learning model on the science process skills of students in the 

experimental class, based on the effect size value data, it can be seen that the 

influence of the PBL model on the KPS indicator is very large. This confirms that 

there is a positive effect of the problem-based learning model applied to the 

experimental class in improving students' science process skills on salt hydrolysis 

material. This statement is in accordance with the opinion of Arends (2012) that the 

problem-based learning model is the best innovation in education, which helps to 

improve the development of lifelong learning skills in an open, reflective, critical 

and active learning mindset. The results of this study are in line with the results of 
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research by Janah & Widodo (2018) which states that the application of the 

problem-based learning model affects the science process skills of students. 

Therefore, the application of the problem-based learning model contributes to 

science process skills. Learning with the problem-based learning model facilitates 

the success of problem solving, communication, group work and interpersonal 

skills better than other approaches. 

The scores of the pretest and posttest results for the indicators of the science 

process skills of students in the control class can be seen in Figure 2. 

 

 
Figure 2. Indicators of science process skills in control class 

 

Based on Figure 2, it can be seen that the results of the pretest and posttest 

showed an increase in all indicators of science process skills. This shows that there 

is an influence of the discovery learning model on the science process skills of 

students in the control class based on the effect size data. This can be due to the 

discovery learning model through stages that invite students to solve problems and 

consider relevant information so that they are able to draw and draw conclusions 

with reasonable considerations. However, based on the effect size value obtained 

through calculations on each KPS indicator, it can be said that the application of the 

problem-based learning model has a greater average effect when compared to the 

application of the discovery learning model in improving students' science process 

skills, namely on the indicator observe, predict, measure and conclude. 

The skill of 'observing' can emerge in the problem orientation step. Students 

observe the pictures given, for example in this study students observe problems 

related to the nature of various salt solutions, ion balance in salt hydrolysis and how 

the hydrolysis equilibrium constant. At this stage students learn about how these 

problems occur and what causes them. In other words, students make observations 

as the first step in carrying out learning. Observation skills can be the fulcrum for 

the next development of science process skills. 

The skill of 'classifying' can appear in the step of organizing students to 

research. Students search for information from various sources to find answers to 

problems that arise at the problem orientation stage. The skill of 'predicting' can be 

honed in the step of determining alternative solutions and the step of determining 
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the best solution to solve problem. 

The skill of 'measuring' emerges at the independent and group investigation 

steps. Students determine the salt hydrolysis equilibrium constant to determine the 

pH value. The skill of 'inferring' can emerge at the stage of developing and 

presenting research results. After obtaining the results of the problems in the 

previous stage, students present the conclusions obtained. It aims to make students 

accustomed to doing analysis. The 'communication' skill can be trained at almost 

every step especially for the discussion aspect. Students discuss the matter of ionic 

equilibrium in a salt solution and determine pH. 

Metacognition awareness of students in the experimental class and control 

class was obtained from a questionnaire filled out in the pretest and posttest of 

learning activities using a problem-based learning model that was converted in the 

form of numbers. The scores for the pretest and posttest results for the indicators 

can be seen in Figure 3. 

 

 
Figure 3. Metacognition awareness indicator 

 

 

Based on the level of classical metacognition awareness in Figure 3, it can 

be seen that the metacognitive awareness of students in the experimental class and 

control class has increased after being given treatment in the form of providing 

problem-based learning models for the experimental class and discovery learning 

models for the control class. The results of this study are in line with the results of 

research by Sonyinga et al (2019) which states that the learning model has an effect 

on metacognitive awareness. The average metacognitive awareness on the 

metacognitive knowledge dimension of experimental class students at the pretest 

was 54.78 and on the cognitive regulation dimension was 52.18. After being given 

treatment by applying the problem-based learning model, the posttest showed that 

the average metacognitive awareness in the knowledge dimension was 76.55 and in 

the cognitive regulation dimension was 77.31. This is in line with hypothesis 

testing, the results show that there is an effect of the problem-based learning model 

on students' metacognition awareness, then on the classical effect size test, the result 

is 5.56. The effect of applying the problem-based learning model to increase the 

metacognitive awareness of experimental class students is very large. The same 



Jurnal Ilmiah Kanderang Tingang     ISSN 2087-166X (printed) 

Vol.15 No.2 Juli-Desember 2024      ISSN 2721-012X (online) 

FKIP Universitas Palangka Raya                DOI: https://doi.org/10.37304/jikt.v15i2.367 
 

 416    

thing also happened in the control class that applied the discovery learning model, 

where based on the results of hypothesis testing, it was found that there was an 

effect of the application of the discovery learning model on increasing the 

metacognitive awareness of the control class students, then on the classical effect 

size test the results were 6.46 which means that the influence of the discovery 

learning model is very large. 

The description of the dimensions of the level of metacognition of each 

indicator of the experimental class can be seen in Figure 4. 

 

 
Figure 4. Dimensions of experimental class metacognition level of awareness 

 

Information:  

PD = Declarative Knowledge; PP = Procedural Knowledge; PK = 

Conditional Knowledge; OT = Planning; SMI = Information Management Strategy; 

PTP = Monitoring of Understanding; SP = Improvement Strategy; EV = Evaluation. 

The level of awareness of metacognition on each indicator shows that the 

improvement strategy indicator ranks the highest with a posttest score of 80.47%. 

The improvement strategy is related to the ability of students to analyze the location 

of the error and change the strategy they use if the strategy is not able to help them 

in the learning process (Pujiank et al, 2016). Furthermore, the indicator that has the 

lowest level of metacognitive awareness is conditional knowledge with a score of 

72.03%. Some students have not been able to demonstrate an understanding of the 

use of good learning strategies. According to Pujiank et al (2016) stated that 

students who are classified as good thinkers are students who use strategies 

regularly to solve problems and know when and where to use these strategies. 

The level of metacognitive awareness of control class students on each 

indicator of metacognition awareness can be seen in Figure 5. 
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Figure 5. Dimensions of control class metacognition level of awareness 

 

Based on Figure 5, it shows that the evaluation indicator ranks the highest 

with a score of 80.86%. On average, students in the control class after applying the 

learning model already have the ability to evaluate which is the ability to analyze 

the performance or effectiveness of the strategies used in learning activities 

(Pujiank et al, 2016). Furthermore, the planning indicator ranks the lowest with a 

score of 74.11%. Some students have not been able to formulate specific goals to 

be achieved before starting a task. This shows that self-control before starting a 

lesson still needs to be improved. Planning skills provide students' skills or abilities 

in predicting and managing their desires and expectations in their own learning 

process which will have an impact in the long term (Pujiank et al, 2016). 

Based on the learning outcomes data, it was found that students who had 

high metacognitive awareness were greater than students who had low 

metacognitive awareness. This happens because students with high metacognitive 

awareness are able to design what they want to learn and assess what has been 

learned. In addition, students with high metacognitive awareness are able to control, 

monitor and control themselves in their learning. 

Students trained to practice their cognitive regulation, students are able to 

organize or organize each activities they will do so that the expected goals can be 

achieved achieved. In addition, regulations regarding student cognition will 

increase motivation and active participation of students in learning process 

(Firmansah, 2022). The advantage of this problem-based learning model is the 

activeness of students. Through this learning model, students are guided and 

involved to actively think, be creative, find directly the understanding or concept 

they want to know through a given problem and can find out various abstract 

concepts through simple experimental or practical methods. In accordance with the 

statement (Mulyani et al., 2020) argues that problem-based learning helps students 

to develop thinking skills, how students solve problems and their intellectual skills. 

So, problem-based learning provides opportunities to build life skills (life skills), 

think metacognitive (reflection with thoughts and actions), communicate and 

various related skills. According to (Janah & Widodo, 2018) one of the efforts to 

improve learner-centered learning and be able to arouse curiosity from students is 

through a problem-based learning model. 
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The relationship between science process skills and metacognitive 

awareness can be seen from the results of research by conducting a correlation test. 

Based on the results of inferential analysis in general for hypothesis testing that has 

been carried out in the experimental class shows a sig value of 0.000 <0.05. This 

means that there is a significant relationship between science process skills and 

metacognitive awareness. While in the control class, based on the results of the 

hypothesis test that has been carried out, it shows a sig value of 0.003 <0.05. This 

means that there is a significant relationship between science process skills and 

metacognitive awareness. 

  Furthermore, the results of hypothesis testing the relationship between 

science process skills and students' metacognition awareness in the experimental 

class it shows the Pearson correlation value of 0.772. Based on the correlation test 

criteria, these results indicate that the relationship between science process skills 

and students' metacognitive awareness in the experimental class that applies the 

problem-based learning model is a strong correlation. This means that there is a 

positive relationship between metacognitive awareness and students' science 

process skills, this positive relationship indicates that if students' metacognitive 

awareness is high, then their science process skills will also be high. While in the 

control class that applies the discovery learning model based on the results of the 

analysis, the Pearson correlation value is 0.505. Based on the correlation test 

criteria, these results indicate that the relationship between science process skills 

and students' metacognitive awareness in the control class is quite strong. So it can 

be said that the correlation between science process skills and students' 

metacognitive awareness in the experimental class is higher than the control class. 

The results of this study are in agreement with the results of previous research, 

namely Murniaty (2014) which states that there is an interaction between learning 

models and metacognitive awareness in influencing students' critical thinking skills. 

 

CONCLUSION 

Based on the results of the research and discussion, it can be concluded that: 

(1) the application of the problem-based learning learning model has a positive 

effect on students' scientific process skills on salt hydrolysis material, (2) the 

application of the problem-based learning model has a positive effect on students' 

metacognition awareness. on salt hydrolysis material, (3) there is a positive 

relationship between science process skills and students' metacognition awareness 

on salt hydrolysis material. 
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