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Abstract: The results of previous studies show that biological science learning for 
elementary school students is in the sufficient category. This is because teachers do not 
familiarize students with being trained in high-level thinking in the form of life skills, 
namely metacognitive awareness. Therefore, effective strategies are needed to increase 
students' metacognitive awareness. One model that can increase students' metacognitive 
awareness is the problem-based learning (PBL) model with the homogeneity 
psychocognition (HPC) strategy. The aim of the research is to analyze differences in 
elementary school students' metacognitive awareness in learning biological science using 
the PBL model, PBL with HPC strategies, and conventional models. This research used a 
quasi experiment with a pretest-posttest nonequivalent control group design. The 
number of samples participating in the research was 155 students where sampling was 
carried out randomly. The instrument used was the metacognitive awareness inventory 
which was adapted from the Junior Metacognitive Inventory (Jr. MAI) by Sperling et al 
(2002). The inventory consists of 18 questions with 9 items each on the aspects of 
knowledge of cognition and regulation of cognition. The research results found that there 
were significant differences in metacognitive awareness in the PBL learning model, PBL 
with HPC strategies compared to conventional learning. This research recommends that 
teachers can optimize PBL, as well as PBL with HPC strategies in increasing students' 
metacognitive awareness. 
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Introduction  
 

Throughout the country, studies show that some 
students experience failure in science learning. Biology 
learning is one area of science that is still considered 
difficult for students. For many students, studying 
biology is a complex and linguistically challenging 
endeavor (Gomez et al., 2016). Students tend to carry 
their misconceptions about biological science from 
elementary education to college. Previous research 
shows that biology learning in elementary education has 
a close relationship with biology learning in higher 
education (Shen et al., 2018). The basic education level 
has special importance because at this level students first 

begin to become familiar with biology and its problems 
even though there is no special subject entitled biology. 
Students' first impressions of biology subjects are 
actually an important factor in shaping their interest in 
biology subjects in the future (Köksal, 2011). Therefore, 
the fundamental goal of biology education is to 
encourage the development of independent learning 
(Johann et al., 2022).  

Students' success in society depends on themselves. 
Therefore, learning abilities and core competencies need 
to be prioritized (Jagals & van der Walt, 2018). In the 21st 
century, knowledge will continue to develop and 
become increasingly specialized, and expand 
exponentially. The increase and dissemination of 
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information will bring many changes in the social, 
economic, political, and technological fields. These 
changes also affect the education system, and the need 
to make changes in the acquisition of knowledge, skills, 
and individual competencies. People must have life 
skills in order to be able to adapt to rapid changes and 
transformations (Karatas & Arpaci, 2021). 

The results of international studies report that 
students in America are less prepared to study biology 
due to a lack of reading and lack of study skills. In a 
survey of 1,100 lecturers from various campuses, only 
10% felt that their students were very ready to read and 
understand lecture material (Hill et al., 2014). In 
addition, a study in Nigeria reported that high school 
students had poor metacognitive awareness (Okoza, 
2013). Thinking skills are one of the life skills for 
students to use metacognition in dealing with various 
changes (Ilma et al., 2022). Metacognition refers to a 
person's knowledge regarding cognitive processes and 
products or anything related to them. Metacognition is 
reported to have an influence on students' academic 
performance (Stanton et al., 2015; Siqueira et al., 2020). It 
has been proven that assignments designed by teachers 
to improve metacognition can have an impact on 
students throughout the semester and can provide the 
greatest benefits for low-achieving students (Dang et al., 
2018). 

The results of previous research show that 
metacognitive awareness has an important role in 
learning. This is because learning can be interpreted as 
students' ability to identify their strengths and 
weaknesses and deepen their knowledge. Learning is 
interpreted as an effort to understand how, when, and 
why to use these strategies (Harrison & Vallin, 2018; 
Wei, 2020). There is also some evidence that 
metacognitive awareness is related to students' learning 
processes (Beccaria et al., 2014) and better academic 
achievement (Vosniadou et al., 2021). However, the 
relationship between metacognitive awareness and 
student learning remains under-examined in the context 
of primary education. So far, many studies have further 
explored metacognitive awareness in higher education 
and more specifically in the teacher education (Kallio et 
al., 2018).   

Learners who are metacognitively aware are able to 
design more strategic independent learning. Apart from 
that, it can also predict students' performance more 
accurately and excel further than students who are not 
aware of (Fu et al., 2023). Students with good 
metacognitive awareness will use their study time 
efficiently, narrow their focus to certain areas, and 
maximize their readiness to learn (Martirosov & Moser, 
2021).  

Metacognitive abilities appear to continue to 
develop with age. Children aged 6 years will be able to 

develop cognitive knowledge and reflect on their 
cognition. Additionally, children between the ages of 8 
and 10 appear to gain a fair understanding of how the 
mind actively processes information. Ultimately, 
monitoring and evaluating cognition may or may not 
develop substantial improvements later in life, along 
with metacognitive constructs (Breed & Bailey, 2018).  

It has been reported that students who are 
metacognitively aware will be enthusiastic and organize 
their learning (Payaprom, 2023). Therefore, students 
who have high motivation will be involved in all phases 
of learning which include understanding concepts and 
solving problems (Mamon et al., 2020). Teachers with 
high metacognitive awareness will be more motivated to 
teach and improve the quality of their learning (Karimi 
& Ziaabadi, 2019). The results of other research reveal 
that students in urban areas have better metacognitive 
awareness than students in rural areas (Bakkaloglu et al., 
2020).  

Many students have difficulty reflecting on 
themselves in learning due to a lack of metacognitive 
skills (Räisänen et al., 2021). Metacognitive skills are also 
determined by metacognitive awareness. Metacognitive 
awareness is often ignored even though it is important 
in achieving educational goals. Metacognitive 
awareness is not easy to obtain because it requires a 
thorough understanding of metacognition and its 
methods (Salviana et al., 2021). Researchers suggest that 
metacognition contributes approximately 17% to 
students' success in school, while intelligence 
contributes approximately 10%  (Zion & Cohen, 2021). 
So, schools need to help and encourage students' 
metacognitive awareness effectively. In this spirit, 
metacognition serves as a predictor in problem-solving 
regarding everyday problems (Perry et al., 2019). 

Previous studies have reported that one of the main 
factors influencing student performance in science is the 
metacognition (Wonjoon Hong, Matthew L. Bernacki, 
2020). Metacognitive awareness can improve elementary 
school students' conceptual understanding of science. 
This is because students who have high metacognitive 
awareness know what they are supposed to do in the 
task and find the task easier, especially when they are 
faced with collaborating (Çini et al., 2023). One subject 
that has the potential to empower students' 
metacognition is biology (Hindun et al., 2020). Various 
studies have also supported this statement. By choosing 
the right learning strategy, students' metacognition will 
be empowered optimally when studying biology. Apart 
from that, the application of several innovative learning 
models and strategies can also improve students' 
metacognition (Leasa et al., 2023). 

Problem-based learning (PBL) is one model that can 
be recommended for increasing students' metacognitive 
awareness. One study at the high school level on 
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chemistry subjects has proven that PBL can improve 
students' metacognitive regulation skills (Kuvac & Koc, 
2019). Metacognitive awareness when integrated into 
PBL helps students improve cognitive strategies and 
learning performance (Nizlel et al., 2022). Students with 
solid metacognitive experiences tend to perform better 
in science learning (Valladares, 2021). Metacognitive 
activities positively influence problem-solving strategies 
(Zhao et al., 2019). The problem-solving process includes 
the use of metacognition during the orientation, 
organizing, implementation, and verification phases. 
PBL with metacognitive instructions will involve 
students carrying out investigations to clarify problems 
and reflect on their actions (Marthaliakirana et al., 2022). 

PBL is a student-centered learning model, where 
students take an active role in their own learning 
(Haruehansawasin & Kiattikomol, 2017). PBL refers to a 
learning environment in which problems drive learning, 
not competencies. During the problem-solving process, 
students first interpret the problem, then gather the 
necessary information, identify possible solutions, 
evaluate options, and present conclusions (Zotou et al., 
2020). Problem-solving in heterogeneous groups is 
generally taken over by students with high academic 
abilities, while low academic abilities are less considered 
and paid attention to. Teachers tend to not involve the 
potential of students with low academic abilities because 
it is difficult for them to deal with the way they learn. As 
a result, they are less considered and favored in 
completing problem-solving tasks. Teachers are 
sometimes apathetic about students' learning progress. 
Therefore, another learning strategy is needed that can 
encourage the participation of students with low 
academic abilities so that they do not fall further behind. 
This effort is made in order to reach a balance point in 
learning, including in treating them. One of them is the 
homogeneity psychocognition (HPC) learning strategy. 

HPC is based on a homogeneous grouping of 
students, especially regarding cognition, so that there is 
no gap between students with high and low abilities. 
HPC is considered to be able to encourage the 
participation of students with low academic 
performance so that students are enthusiastic about 
learning. HPC prioritizes collaboration between 
students in cooperative groups. The aim of forming 
homogeneous groups, between students with low, 
medium, and high academic abilities, is to provide 
opportunities for students to be actively involved in the 
thinking process and express themselves in learning 
activities without feeling burdened by the characteristics 
of other students who are smarter or more aggressive. 
This makes them respect each other and respect various 
differences in views and thoughts (Fenanlampir et al., 
2021). HPC is a strategy that facilitates this (Batlolona & 
Kalean, 2023). Through HPC, students' metacognitive 

awareness can increase because students become happy 
and comfortable in learning which supports their 
learning progress. This also has an impact on the 
development of students' thinking skills. Thus, the aim 
of this research is to analyze differences in metacognitive 
awareness based on the PBL learning model with HPC, 
PBL, and conventional learning strategies for 
elementary school students in biological science 
learning. 
 

Method  
 
Research Design 

This research is a quasi-experimental research with 
a pretest-posttest nonequivalent control group design. 
The procedure for implementing the treatment based on 
the research design is shown in Table 1. 

 
Table 1. Treatment Groups Based on Variables 
Pretest Treatment Posttest 

O1 S1 O2 
O3 S2 O4 

Description 
O1, O3 : Metacognitive awareness pretest scores 
O2, O4 : Metacognitive awareness posttest scores 
S1 : PBL group with HPC strategy 
S2 : PBL group 
 
Population and Sample 

The population of this study was 5th-grade 
elementary school students at 8 elementary schools in 
Nusaniwe District, Ambon City. Determination of the 
research sample was carried out by random sampling 
using a lottery technique. Each treatment group is 
represented by 2 treatment classes, so there are 6 
treatment classes used in the experimental group (PBL, 
PBL with HPC strategy) and the control group 
(conventional learning model), so the total sample 
reaches 155 people. This meets the requirements for data 
analysis techniques. 
 
Instrument 

The main instrument of this research is the Junior 
Metacognitive Awareness Inventory (Jr. MAI) which 
was adapted from Sperling et al (2002). The inventory 
consists of 18 questions which are divided into 2 main 
aspects, namely knowledge of cognition, 9 items and 
regulation of cognition, also 9 items. Knowledge of 
cognition consists of declarative knowledge in items 1, 4, 
and 12; conditional knowledge items 2, 5, 13, 14; 
procedural knowledge items 3, 16. Regulation of 
cognition consists of planning items 9, 18; information 
management skills items 6, 11; monitoring items 8, 10, 
15; and evaluation items 7, 17. 
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Data Analysis Technique 
The research data were analyzed quantitatively 

through one-way covariate analysis (ANCOVA). This 
analysis is needed to test the hypothesis which states 
"there is a difference in metacognitive awareness in 
biological science learning in elementary school between 
the PBL model with HPC strategies, PBL, and 
conventional models". Hypothesis testing was carried 
out after the metacognitive awareness data had met the 
criteria for homogeneity and normality, as shown in 
Tables 2 and 3. 

 
Table 2. Metacognitive Awareness Data Homogeneity 
Test Results 
F df1 df2 Sig. 

1.635 2 152 0.198 

Test the null hypothesis that error variance og the dependent 
variable is equal groups. 
a.design: intercept + X_MA+ Kelas 
 

The homogeneity test with Levene's Test shows 
that the significance value = 0.198, meaning that it is 
greater than 0.05 indicating homogeneous 
metacognitive awareness data. 
 
Table 3. Normality Test Results of Metacognitive 
Awareness Data 
 Statistic df Sig. 

Residual for Y_MA .059 150 .200* 

a. Lilliefors Significance Correction 
*. This is a lower bound of the true significance. 

 
Referring to Table 3, it is concluded that the data 

meets the Kolmogorov-Smirnov normality test because 
the significance value is 0.200 or greater than 0.05. 
 

Result and Discussion 
 

Anacova is used to test hypotheses related to the 
dependent variable, namely metacognitive awareness in 
treatment with different learning models. Anacova test 
results are shown in Table 4. 

Anacova test results in Table 4 show that the 
significance value (class) = 0.028 (smaller than 0.05), 
thus, H0 is rejected and Ha is accepted, meaning that 
there is a significant difference in metacognitive 
awareness in the PBL learning model with HPC, PBL 
and conventional strategies. The large differences in 
metacognitive awareness in the three treatment classes 
are shown through the LSD test in Table 5. 
 
Table 4. ANACOVA Test of the Effect of Learning 
Models on Metacognitive Awareness 

Source 
Type III 
Sum of 

Squares 
df 

Mean  
Square 

F Sig. 
Partial 

Eta 
Squared 

Corrected 
Model 

3178.517a 3 1059.506 9.272 .000 
.156 

Intercept 8835.470 1 8835.470 77.323 .000 .339 
X_MA 2378.329 1 2378.329 20.814 .000 .121 
Kelas 835.492 2 417.746 3.656 .028 .046 
Error 17254.370 151 114.267    
Total 917827.719 155     
Corrected 
Total 

20432.887 154    
 

a.R Squared = .156 (Adjused R Squared = .139 

 
Increasing metacognitive awareness can equip 

students to think logically, analytically, critically, and 
creatively (Kallio et al., 2021). Therefore, students' 
metacognitive awareness will be enhanced if real-life 
problems are used in the classroom. Hargrove & 
Nietfeld, (2015) argue that PBL can be developed when 
concrete problems are taught in class with metacognitive 
strategies. Apart from that, Setiawan & Supiandi (2019) 
stated that PBL was successfully emphasized when 
students developed their own knowledge. In this regard, 
this research uses PBL learning with HPC strategies 
which offer many opportunities for students to solve 
concrete problems during learning. This is used in an 
effort to help students increase their metacognitive 
awareness in learning biological science (Keliat et al., 
2021)

 

Table 5. LSD Metacognitive Awareness Test Results Based on Learning Model Treatment 
Learning model X-MA Y-MA Difference Enhancement MA Corrected LSD Notation 

Convensional 62.96 73.11 10.15 16.12% 72.57       a 
PBL-HPC 59.50 75.85 16.35 27.48% 76.71 b 
PBL 62.95 79.00 16.05 25.50% 78.42 b 

 
Table 5 informs that the lowest corrected mean is in 

the conventional learning model, while the highest 
corrected mean is in the PBL learning model. Apart from 
that, it was found that students' metacognitive 
awareness in the PBL learning model with HPC and PBL 
was not significant, but the two learning models were 
significantly different from the conventional model. In 

addition, it was found that the increase in metacognitive 
awareness was in PBL learning with HPC followed by 
the PBL model alone, while in conventional learning it 
was lower than both. This finding is in line with 
previous findings which state that PBL can be an 
effective intervention in promoting metacognitive 
awareness of procedural knowledge, planning, and 
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evaluation (Kuvac & Koc, 2019). Further metacognitive 
awareness is needed to solve a problem from available 
information and is developed critically by analyzing 
contextual problems in small collaborative groups. 

PBL and PBL with HPC strategies are student-
centered pedagogical models that offer a learning 
environment with a focus on problem-solving 
(Fenanlampir et al., 2021). The general pattern of PBL 
learning with the HPC strategy is to present real-life 
problems (related to broader curricular content and 
objectives) to students at the beginning of the lesson. 
Learners are then given time to work collaboratively in 
small groups to identify what they need to know to solve 
the problem while engaging in self-directed learning to 
seek answers report back to the group and apply the new 
knowledge to the problem. Finally, the groups present 
their proposed solutions to the problem and conclude 
the activity by reflecting on what they have learned and 
the effectiveness of the strategies used. The entire 
learning process in PBL with HPC strategies occurs 
around the problem-solving (Scholkmann, 2020). So, 
PBL with the HPC strategy is used in this research to 
provide as wide an opportunity as possible for students 
to solve problems during learning. 

Several studies document the effectiveness of PBL 
models in different contexts (Valdez & Bungihan, 2019). 
They have shown that PBL promotes conceptual 
understanding and improves higher-order thinking 
skills, self-confidence, knowledge retention, motivation, 
academic achievement, and problem-solving. Seshan et 
al., (2021) show that students develop transferable skills 
while analyzing problems, constructing their knowledge 
and applying concepts in PBL with HPC strategies. 
However, other research shows that PBL can lead to 
poor performance when practiced based on the facts of 
the learning environment (Leasa et al., 2023). PBL with 
HPC strategies can also facilitate students who are not 
familiar with problems to participate in group activities. 

In line with this, several studies have used different 
learning strategies and focused on key factors to 
improve fifth to eighth-grade students' problem-solving 
abilities (Haleem et al., 2022). Other findings reveal an 
increase in students' problem-solving abilities in terms 
of understanding problems, implementing resolution 
plans and verifying answers, as well as increasing 
achievement and attitudes. Several other studies have 
exposed students to biology learning using PBL to 
improve problem-solving abilities. The general result of 
their study was the positive impact of PBL on students' 
abilities in terms of problem solving. However, learning 
that applies PBL in high schools to improve problem 
solving abilities is still not promoted enough (Priemer et 
al., 2020); (Molina & Forlales, 2022). In addition, research 
using PBL to strengthen elementary school students' 
problem-solving abilities has not been widely reported. 

The current research will document the literature on this 
aspect and add to the body of knowledge. In contrast to 
these findings, Tosun & Senocak (2013) reported that 
PBL had no significant effect on the level of 
metacognitive awareness of prospective teachers who 
had a strong science background (Gholami et al., 2016). 

The results of previous research show that there is 
a relationship between metacognitive skills and 
students' cognitive retention. The four teaching 
strategies applied (PBL, Jigsaw, PBLJigsaw, and direct 
teaching) in Biology class are significant, having a 
relatively high contribution value (30.1%, 36, 5%, 63.9%, 
and 83.0%) (Palennari, 2016). Therefore, using learning 
models in classroom learning is actually beneficial for 
students. One of them is PBL, as well as PBL with HPC 
strategies which have a significant effect on increasing 
metacognitive awareness in the future. 

 
Conclusion  
 

Based on the existing findings, it can be concluded 
that there is a significant difference in metacognitive 
awareness between conventional models compared to 
PBL learning, as well as PBL and HPC strategies. This 
research recommends that teachers are expected to 
prepare lessons using PBL models and HPC strategies 
consistently to increase students' metacognitive 
awareness. The suggestions that can be conveyed from 
the results of this research are 1) a learning environment 
that supports problem-based learning with HPC 
strategies needs to be pursued for elementary school 
students, 2) teachers can use PBL learning models, or 
PBL with HPC strategies to promote metacognitive 
awareness so as to support learning outcomes biological 
science students, 3) in order to support the development 
of metacognitive awareness, problem-based learning 
and HPC strategies can be trained in a more guided 
manner and implemented continuously, 4) more specific 
studies need to be conducted to explore the use of HPC 
strategies in learning over a longer period of time for get 
more information about the development of 
metacognitive awareness, as well as problem-solving 
abilities in learning biological sciences and other 
thematics in elementary school. 
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