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Abstract 

Science education in the 21st century emphasizes the development of argumentation and critical 

thinking (CT) skills for socioscientific issues (SSIs), which students can also apply to any subject, 

such as biology. This study aimed to determine the effect of problem-based learning with 

metacognitive prompts (M-PBL) on students’ argumentation and CT. This study employed a quasi-

experimental design using a pre- and post-test non-equivalent control group. A total of 121 11th-

grade students majoring in science and biology participated in this study. Participants were 

divided into three groups and were tested under different PBL: (1) M-PBL, 23 males and 22 

females; (2) H-PBL (high-intensity problem-based learning), 15 males and 20 females; and (3) L-

PBL (low-intensity problem-based learning), 26 males and 15 females. Argumentation and CT skills 

in M-PBL were compared with H-PBL and L-PBL. Results show that students engaging in M-PBL 

biology learning had higher levels of argumentation and CT skills. Students’ argumentation and 

CT skills were significantly improved through M-PBL, and thus should be considered by teachers 

when restructuring lessons in a problem-solving class setting. 
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INTRODUCTION 

An all-inclusive science education is crucial in today’s 
knowledge-based societies to engage students in science 
practice, thereby promoting their scientific literacy 
(Vieira & Tenreiro-Vieira, 2016). All students interested 
in a career in science, technology, or other fields should 
benefit from a comprehensive science education, which 
includes the understanding of scientific knowledge, the 
development of argumentation and critical thinking 
(CT) skills, the identification of the role of science in 
society, and the contribution of science to citizenship 
(Valladares, 2021). 

Teaching biology should be aimed at developing 
students’ CT skills (Young et al., 2021). Interest in 
developing CT skills has increased in tandem with 
changes in the expectations placed on students. 
Acquiring critical thinking skills has become as 
important as gaining conceptual understanding. High 

conceptual understanding has implications for the 
development of CT as a “general ability” (Ab Kadir, 
2018). Critical thinking requires the development of 
certain behaviors and skills, such as posing pertinent 
questions, conducting research and inquiry to find 
answers, being aware of controversial socioscientific 
issues (SSIs), and presenting evidence to support an 
argument (Zenker, 2018). In science education reform, 
changes are required in the role of students, the nature 
of content, assessments, and the organization of the 
class. This shift in educational objectives has resulted in 
the growing interest in CT. Additionally, it has 
prompted researchers and educators to explore learning 
processes and environments that foster students’ CT 
(Wechsler et al., 2018). 

However, a more recent perspective on scientific 
literacy, based on the criteria required for 21st-century 
lifelong skills, emphasizes the importance of improving 
students’ argumentation and CT skills as part of a 
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scientific literacy framework (Valladares, 2021). 
Students are taught scientific literacy, which emphasizes 
scientific knowledge (knowledge of and about science) 
and its application in various contexts and situations, 
along with scientific ways of thinking (Yacoubian & 
Khishfe, 2018). Without this preparation, students are 
more likely to make decisions and choices that affect 
them and others on the basis of non-scientific 
preferences. Accordingly, many countries have pushed 
for science curricula that focus on scientific literacy, with 
CT and argumentation as key components (Vieira & 
Tenreiro-Vieira, 2016). 

Jiménez-Aleixandre and Puig (2012) have 
investigated the contribution of argumentation in 
science education to the CT component. Argumentation 
has epistemic value because of its commitment to 
finding reasons and evidentiary support for opinions 
(García-Carmona & Acevedo-Díaz, 2018; Kuhn et al., 
2017). Trends in science education emphasize 
argumentation as an important predictor of CT (Ariza et 
al., 2021). Contrastingly, argumentation involves higher-
order thinking skills (Nussbaum & Sinatra, 2003), which 
can produce answers with valid justification (Iordanou, 
2013). Thus, we examine how different problem-based 
learning interventions affect desired science learning 
outcomes. 

THEORETICAL FRAMEWORK 

Socioscientific Argumentation and Critical Thinking 
in the Science Classroom 

A scientifically literate individual must possess 
working knowledge of scientific content, recognize how 
scientific knowledge is developed, and have the ability 
to make informed decisions about SSIs (Lobato & 
Zimmerman, 2019). Sadler et al. (2007) view SSIs as 
contentious social issues involving science that lack 
concrete solutions. SSIs in science classrooms provide an 
advantageous context for promoting civic education and 
teaching scientific content (Bencze et al., 2020). Exposure 
to SSIs is associated with an increase in students’ positive 
attitudes toward science and an increase in their ability 
to comprehend people’s opinions (Jho et al., 2014). 
Several researchers have incorporated CT and 
argumentation frameworks to engage students in SSIs. 
Scientific argumentation is crucial in the SSI classroom 
because each student can contribute ideas in SSI 
discussions (Songsil et al., 2019). 

The constructivist perspective of science education 
highlights that argumentation is a social constructivist 
learning practice given its emphasis on evaluating 
knowledge claims. Duschl and Osborne (2002) defined 
argumentation as a social and collaborative process that 
is necessary for decision making and problem-solving 
skills. Thus, argumentation is addressed in a 
collaborative problem-solving journey for students with 
epistemic knowledge. Toulmin’s argumentation 
framework has been extensively used to develop 
analytical models to assess the construct of students’ 
arguments and to develop learning scripts to facilitate 
students’ argumentation (Weng et al., 2017). Toulmin 
pointed out that an operational and rational argument 
comprises five components: claim, data, warrant, 
supporting argument, qualifier, and rebuttal (Erduran, 
2018). 

This study incorporated the components of 
Toulmin’s argumentation, namely, evidence or data, 
claims, warrants or reasoning, backings, and rebuttals. 
Researchers have developed an SSI approach to assist 
students in developing realistic argumentation when 
making decisions about SSIs using these 
argumentational components (Nielsen, 2013; von der 
Mühlen et al., 2019). To strengthen students’ 
understanding of argumentation, they were introduced 
to the following concepts prior to the commencement of 
the teaching program: (a) definitions and components of 
argument; (b) the relationships between these 
argumentation components; and (c) how to construct a 
functional argument using the five elements.  

Successful teaching approaches that provide students 
with a PBL environment can aid students in their 
argumentation training on ill-structured problems 
(Voss, 2005). Moreover, PBL substantially helps 
students’ argumentation learning by fostering in-depth 
discussions, thereby allowing students to develop 
evidence-based explanations and arguments (Nielsen, 
2013; Yang et al., 2021). Sadler and Donnelly (2006) 
suggested that developing the quality and quantity of 
argumentation in a socioscientific context can promote 
scientific concept learning and CT. 

Discussing, debating, and arguing about SSIs help 
students develop CT skills (Jafari & Meisert, 2021). In the 
SSI context, Yacoubian and Khishfe (2018) highlighted 
the alliance between argumentation and CT. According 
to Kim et al. (2014), argumentation is a necessary 
component of CT when dealing with SSIs and is required 

Contribution to the literature 

• Students’ critical thinking (CT) skills are improved when they are involved in evidence-based 
argumentation, which is one of the fundamental elements of science literacy. 

• PBL with metacognitive prompts (M-PBL) is a platform for improving students’ argumentation and CT 
skills. 

• Students engaging in M-PBL biology learnings can have higher levels of argumentation and better CT. 
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for informed decision making. For the formulated 
conclusion, developing a rationale for one’s claims and 
supporting those claims with evidence in a way that is 
consistent with a scientist’s work are critical steps in the 
scientific process. Two critical processes are required for 
the creation of knowledge. The first is research, which 
generates knowledge claims. The second is criticisms 
and arguments from members of the scientific 
community and the public, which allow those claims to 
be scrutinized and questioned. Learners can improve 
their scientific argumentation by engaging in this 
analytical process. They can also learn to filter 
information from various sources and determine the 
credibility or reasonability of the information. To be 
successful, learners must be able to construct and 
communicate persuasive scientific arguments. 

Students’ CT skills improve when they are involved 
in evidence-based argumentation, which is one of the 
fundamental elements of science literacy. Contemporary 
approaches recognize CT as a more comprehensive 
construct. Although it does involve fundamental 
reasoning components, such as inference, inductive, and 
deductive reasoning, CT also entails reflecting on and 
evaluating one’s own or another’s thinking (Kuhn, 2018). 
Critical thinking is a process that aims to generate 
rational and reflective choices regarding what to believe 
or do, which entails specific dispositions and abilities 
(Ennis, 2018). Whether an individual evaluates a 
knowledge claim or takes a position, they must try to 
produce a specific outcome as a result of their thinking. 
Following Ennis (2018), Kabataş Memiş and Çakan 
Akkaş (2020) claimed that learners who are in CT-
promoting learning environments are those who ask 
additional questions and engage in additional 
discussions, as well as those who experience unexpected 
outcomes and active learning opportunities. In the 
development of students’ CT skills, students must also 
be encouraged to pose their own questions and critically 
evaluate the evidence or ideas presented to them. 
Yacoubian and Khishfe (2018) argued that after being 
exposed to socioscientific decision making experiences, 
students will approach these activities critically because 
they will eventually be required to decide about what to 
believe and what to do. We define CT in the context of 
biological education research as recognizing 
assumptions, making deductions used to formulate a 
hypothesis, making interpretation and reasoning, 
making inference, and making decisions (Magno, 2010; 
Wechsler et al., 2018). However, in the context of 
different disciplines, those skills may appear to students 
distinctly (Thonney & Montgomery, 2019). 

Using PBL with Metacognitive Prompts as a 
Framework for Addressing SSI 

The SSI literature emphasizes the importance of 
selecting SSIs that are popular, debatable, appropriate 
for students, related to scientific knowledge, and enable 

open discussion among learners (Zeidler, 2014; 2015). 
Hancock et al. (2019) expanded this definition by 
defining SSIs as authentic problems that are complex 
and ill-structured, with undefinable solutions that 
require moral consideration. The units of the SSI 
curriculum must be carefully designed to incorporate 
social and scientific components and to be complex, 
relevant, and engaging for students. For example, water 
pollution is a complex issue with a broad scope, making 
it a critical matter for students, compelling them to 
advocate for decreasing polluted water. When the water 
pollution issue is focused on a specific context, its social 
complexities become apparent, making it more relevant 
and engaging for students. To guide students in learning 
SSI-based curriculum units, we used a PBL structure 
from the literature and teaching practice (Ghani et al., 
2021; Hursen, 2021). When students are presented with 
real-life situations involving science and social aspects, 
or when they can confront SSIs, they are able to apply 
scientific knowledge to the personal, social, and global 
issues that citizens face (Xiao & Sandoval, 2017).  

This paper mainly aims to discuss PBL with 
metacognitive prompts, which are seen as a platform for 
improving students’ knowledge and argumentation and 
CT skills, through authentic scenarios, group 
collaboration, and self-directed learning (Dabbagh, 
2019). Based on real-world problems that are significant 
in connecting science and other disciplines, the lessons 
provide significant investigation problems for 
developing argumentation, CT, and scientific 
knowledge. Metacognitive prompts integrated into the 
PBL help students improve their cognitive strategies and 
learning performance. A connection exists between 
metacognition and better learning performance 
(Mohseni et al., 2020; Syaiful et al., 2022). Students with 
solid metacognitive experiences tend to perform better 
in science. Metacognitive skills are reasonable predictors 
of science performance and academic achievement 
(Valladares, 2021). Metacognitive activities positively 
affect problem-solving strategies (Zhao et al., 2019). The 
problem-solving process includes the use of 
metacognition during the phases of orientation, 
organization, execution, and verification. PBL with 
metacognitive prompts (M-PBL) involves students 
conducting an investigation to clarify problems and 
reflecting on their actions through the PBL phases. 

PBL with metacognitive prompts is distinguished by 
its ability to contribute to the development of thinking 
abilities and scientific knowledge (Peters, 1996). 
Students can even share their thoughts on what they 
have learned through scientific methods to deepen their 
understanding and improve their scientific literacy 
(Hernández-Ramos et al., 2021; Taber, 2015). In M-PBL, 
students work in pairs or groups to engage in dialogues 
(Chris et al., 2004). This effectively multiplies the level of 
engagement in reasoned discourse and argumentation, 
which allows metacognitive planning and reflection 
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(Darling-Hammond et al., 2020). We believe that 
fostering this reflective or metacognitive aspect of 
argumentation is critical for a successful teaching 
process. In the context of their own goal-oriented and 
self-directed activities, students gain extensive practice 
in planning and evaluation. Additionally, reflective 
activities encourage students to commit to and take 
ownership of their ideas by documenting them in 
writing—their arguments, evidence, counterarguments, 
and rebuttals—to strengthen their commitment and 
ownership. Thus, these written artifacts serve as a 
mechanism for students to understand that they are 
accountable for their words—that they are engaging in 
accountable thinking and ideas, as Tanner (2013) defines 
it. Students learn argumentation and CT skills during 
PBL scientific discussions (Kabataş Memiş & Çakan 
Akkaş, 2020) and have the opportunity to engage in 
socioscientific argumentation (Morris, 2017). 

This study explores how M-PBL affected the learning 
performance, considering the development of 
argumentation and CT. We hypothesize that applying 
PBL with metacognitive prompts can promote students’ 
argumentation and CT skills. 

Research Question 

Biology education should center on subjects that are 
relevant to students’ lives and represent authentic and 
contemporary issues. Assuming that PBL and 
metacognition can help students improve their 
argumentation and CT skills, we developed PBL with a 
metacognitive prompt in the biology module. Thus, this 
study aims to address the following research questions: 

1. Do differences exist in the impact of different 
PBLs on the mean argumentation skills? 

2. Do differences exist in the impact of different 
PBLs on the mean CT skills? 

METHODS 

In this study, a quasi-experimental approach was 
employed using a pre- and post-test non-equivalent 
control group design. The learning method was used as 
an independent variable, whereas argumentation and 
CT were used as dependent variables. Otherwise, the 
independent variable was problem-based learning with 
metacognitive prompts (M-PBL), high-intensity 
problem-based learning (H-PBL), and (3) low-intensity 
problem-based learning (L-PBL). The purpose of this 
study is to measure the effect of the independent 
variable on the dependent variable, so a focus on 
quantitative data will be more suitable than qualitative 
data (Ariel et al., 2022; Drisko & Grady, 2019; Seel, 2012). 

Participants 

Participants were 121 11th-grade students in 
Indonesia majoring in science/biology. The number of 

participants in the research is as follows: (1) M-PBL, 23 
males and 22 females; (2) H-PBL, 15 males and 20 
females; and (3) L-PBL, 26 males and 15 females. 

Teaching Program and Procedure 

Each of the three research groups was assigned to 
study the same biology learning content. They 
participated in three-module biology: musculoskeletal, 
circulatory, and digestive systems. Each module is to be 
completed within two weeks. Before and after being 
taught these modules, the three research groups 
completed a 25-minute CT multiple-choice test followed 
by a 25-minute argumentation essay test.  

The PBL approach was used in which students were 
required to submit biology-related problem-solving 
assignments. All three groups attended the courses for 
60 minutes in each lesson session, but they were same 
assigned different combinations of PBL. With the help of 
M-PBL and H-PBL, students collaborated to solve 
specific problems and create data visualization. 
Collaborative work was equired to examine the problem 
and determine how to learn more about it, including 
finding solutions. Both groups were tasked with five-
step PBL practices. (1) Presentation of ill-structured real-
world problems where students were engaged in 
problem identification, generating ideas to inquire 
about, and formulating hypotheses. (2) Designing a 
solution to the problem. In this practice, students were 
informed that they need more information and skills to 
“dig out” solutions on their own, and with their prior 
knowledge and experience, students built a solid 
foundation of interdisciplinary knowledge and skills, as 
well as cognitive agility (capacity of an individual to 
openness and focus). (3) Group-structured inquiries. In 
this context, students developed self-directed learning 
skills to solve problems through teacher facilitation as 
opposed to lectures or answers. Through structured 
group inquiry, students develop collaboration skills and 
appreciate the value of multiple perspectives to address 
problems. (4) Develop and present artifacts and exhibit. 
The inquiry step was followed by the creation of artifacts 
and exhibits. Artifacts are more than a written report; 
they include videos of a problem situations and 
solutions. (5) Evaluation and reflection. Students 
developed self-assessment and self-reflection habits by 
repeatedly asking themselves the question.  

In M-PBL, students are required to take personal and 
group responsibility for their learning. The M-PBL is 
described as an open-ended method of learning that 
includes the entire aspect of reflectiveness and helps 
students develop into good reflective thinkers as a result 
of their participation. In each PBL dimension, students 
reflected on their thinking having the “willingness to 
admit I/we is wrong” and the ability to be flexible where 
“they need to be ready to go with those things that are 
coming at them that are unknown and involve many 
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risks.” (Wynn et al., 2019; Wynn & Okie, 2017). At the 
end of the PBL, each group presented and defended their 
solution plan to a panel consisting of the instructor, 
teaching assistant, and peers. Students learned to 
express their opinions on how to solve problems and to 
differentiate between what they knew and what they did 
not know. M-PBL activities in detail are presented in 
Appendix 1.  

The third research group used low-intensity PBL. 
Students in this group collaborated to answer specific 
questions. The group was taught the following steps: (1) 
reading and analyzing the content of the biological 
system (musculoskeletal, circulatory, and digestive), (2) 
question identification, (3) searching for information to 
answer the question, and (4) summary and reflection. 
The L-PBL group answered questions only by searching 
for information from textbooks and peer discussions. 

Instruments 

Multiple-choice tests were used to assess critical 
thinking, whereas essay tests were used to assess 
scientific argumentation. The researchers collaborated 
with two secondary school biology teachers and 
biologists from Universitas Negeri Malang to construct 
all the test items.  

Toulmin’s model of sound argumentation, which 
was used as a framework for evaluating students’ 
argumentation, includes data, backings, warrants, 
evidence, claims, rebuttals, and qualifiers (Botting, 2017). 
The socioscientific argumentation of students was 
assessed using a specific rubric related to the nine 
dimensions of argumentation skills. Students were given 
a problem question which they answered using 
argumentation comprising claim, qualifier, evidence, 
identifying types of evidence, evaluation of the quality 
of evidence, chain and identification of reasoning 
(warrant), evaluation of the quality of reasoning, 
concerns of the student, and conclusion and explanation 
about the claim. The problem question and rubric for 
assessing student argumentation are presented in 
Appendix 2. 

The CT test comprised eight items related to the five 
dimensions of CT: a) recognition of assumption (two 
items), b) deduction to formulate a hypothesis (one 
item), c) interpretation and reasoning (three items), d) 
inference (one item), and e) decision making (one item). 
The dimensions of CT, its definition, and samples of item 
states are provided in Appendix 3. 

Content validity assesses whether all items 
adequately measure the content and competency of the 
domain of interest (Naganuma, 2017). This was 
evaluated in focus groups with two teachers and two 
biologists. How well each item’s score relates to the 
theoretical construct used to develop the instrument is 
known as construct validity (Westen & Rosenthal, 2003). 
Pearson’s correlation coefficient (Pearson’s r) was used 
in a preliminary test to determine the construct validity 
of all items. The items’ validity was good, with Pearson’s 
r in the range of 0,477–0,584 (p < 0.01) for critical thinking 
and 0,679–0,848 (p < 0.01) for argumentation, based on a 
preliminary test conducted on 36 10th-grade students. 
The correlation coefficient is appropriate for the 
construct validity of an item (Matheson, 2019; Streiner et 
al., 2014). Cronbach’s alpha for argumentation and CT 
instruments is above 0.8 and was declared reliable (Hair 
et al., 2011, 2013). 

Data Collection and Analysis 

The data collected in this study were scores for 
argumentation and CT. The data were obtained pre-test 
(before instruction) and post-test (after instruction). The 
pre- and post-test scores were meticulously corrected 
before being entered into Microsoft Excel. Students’ 
argumentation test scores ranged from 0–27. The 
students’ CT test scores ranged from 0—8.  

Responses from three groups were obtained (M-PBL, 
H-PBL, and L-PBL). Based on the rubric, the scores given 
to these two students are as follows (Table 1). Question: 
The consumption of carbonated drinks has recently been 
a controversial topic revolving around public health and 
public policy. The consumption of sweetened 
carbonated drinks has been linked to diabetes, metabolic 

Table 1. Answers and scores of students’ arguments based on the rubric 

Group Response 

M-PBL In recent decades, consumption of sugar-sweetened beverages including soft drinks, fruit drinks, energy 
drinks, and vitamin water drinks has been increasing in Indonesia and across the world [Qualifier (2)]. Sugary 
soft drinks are composed of energy-containing sweeteners such as sucrose, high-fructose corn syrup, or fruit 
juice concentrates [Claim (2)]. The research evidence suggests that soft drinks consumption is associated with 
an increased risk of cardiovascular risk factors, metabolic syndrome, obesity, and diabetes [Evidence (3)]. I 
assume that the volume of beverages sold, indicative of substantial increases in sales at the population level 
(Type of evidence (3)]. I agree that the government prohibits the promotion of high sugar products based on 
location and price through law [Quality evidence evaluation (3)]. The results from the present study show that 
banning promotions on soft drinks would be more effective in reducing energy and sugar purchases than the 
soft drinks levy [Chain of reasoning (3)]. I also predicted how consumers would react to a restriction on the 
promotion of sweetened drinks (Student concern (3)]. The stakeholder should educate people and younger 
people to reduce high sugary soft drink consumption [Conclusion (3)]. 

Note: problem-based learning with metacognitive prompts (M-PBL), high-intensity problem-based learning (H-PBL), and (3) low-
intensity problem-based learning (L-PBL). 
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syndrome, cardiovascular risk factors, and other weight-
related diseases. What is our argument for rejecting or 
accepting the soft drink promotion? 

The variance and mean samples of the pre- and post-
test data of the three methods were compared using 
analysis of covariance (ANCOVA) at a 95% confidence 
level to obtain a significant difference in test score 
increments. However, differences between the groups 
using ANCOVA were not identified. Thus, post hoc 
tests, least significant difference (LSD) method, was used 
to calculate the significance between three samples, 
enabling direct comparisons between three means from 
three sample groups in each dimension and total score 
of controlling for Type I errors. 

RESULTS 

During each teaching session, M-PBL and H-PBL 
students developed problem solutions for an issue, 
posed questions known as learning issues, conducted 

group investigations, participated in a discussion 
environment, integrated new knowledge into the 
context of the problem, and attempted to solve the 
problem. The students in the M-PBL actively reflected on 
their thinking throughout all steps of problem-solving in 
a goal-oriented and self-directed environment. 
Ultimately, they recognized that learning is a continuous 
process. The instructor encouraged students to 
participate in each teaching session, ensured that 
students met the appropriate learning objectives, and 
guided and facilitated learning. 

Argumentation 

The results of the ANCOVA test used to determine 
whether a statistically significant difference existed 
between the pre- and post-test of M-PBL, H-PBL, and L-
PBL are shown in Table 2. As shown in Table 2, a 
significant difference existed between the post-test 
results of the three methods. Thus, it was found that the 

Table 1 (continued). Answers and scores of students’ arguments based on the rubric 

Group Response 

H-PBL Sweetened soft drinks consist of sweeteners such as sucrose and fructose [Claim (2)]. Research evidence 
suggests that soft drink consumption is associated with an increased risk of diabetes [Evidence (3)]. The 
results of this study indicate that the prohibition of the promotion of soft drinks will be more effective in 
reducing the purchase of sugar [Chain of reasoning (3)]. Thus, I agree that the government can prohibit the 
promotion of high sugar products through education. [Quality evidence evaluation (3)] Stakeholders must 
educate the public to reduce the consumption of soft drinks that are high in sugar [Conclusion (2)]. 

L-PBL Sugary soft drinks contain energy-rich sugar sweeteners [Claim (1)]. Research evidence suggests that soft 
drink consumption increases the risk of cardiovascular disease, metabolic syndrome, obesity, and diabetes 
[Evidence (3)]. The results showed that the prohibition of soft drink promotion would be more effective in 
reducing the purchase of soft drinks [Warrant (2)]. I agree that the government prohibits the promotion of 
sweetened soft drink products [Conclusion (2)]. 

Note: problem-based learning with metacognitive prompts (M-PBL), high-intensity problem-based learning (H-PBL), and (3) low-
intensity problem-based learning (L-PBL). 

Table 2. Argumentation of M-PBL, H-PBL, and L-PBL student 

Component of argumentation Group Pre-test (mean) 
Post-test 
(mean) 

p-value 
(ANCOVA) 

Notation* 
(LSD) 

1. Claim M-PBL 2.15 2.84 0.004 a   
H-PBL 2.06 2.83 a   
L-PBL 1.83 2.41  b  

2. Qualifier M-PBL 2.02 2.42 0.000 a   
H-PBL 1.94 2.00  b  
L-PBL 2.20 2.05  b  

3. Evidence M-PBL 1.62 2.67 0.000 a   
H-PBL 2.20 2.31  b  
L-PBL 1.65 1.90   c 

4. Identifying Types of Evidence M-PBL 1.29 2.47 0.174 Not significance 
H-PBL 1.68 2.51 
L-PBL 1.54 2.19 

5. Evaluation of the Quality of 
Evidence 

M-PBL 1.67 2.33 0.000 a   
H-PBL 1.94 2.31 a   
L-PBL 1.95 1.40  b  

6. Chain and Identification of 
Reasoning (Warrant) 

M-PBL 1.35 2.33 0.000 a   
H-PBL 1.57 1.85  b  
L-PBL 1.17 1.09   c 

*Note: The same notation indicates that no significant difference exists between the groups, and a different notation indicates that a 
significant difference exists with other groups. 
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M-PBL approach applied to teaching the topic of biology 
enhanced the argumentation of students. The M-PBL 
students had better argumentation than H-PBL and L-
PBL on the components of a qualifier, evidence, chain 
and identification of reasoning, and evaluation of 
reasoning, but not on the identifying types of evidence 
dimensions, which is not significant. 

Critical Thinking 

The descriptive statistics of the pre- and post-test CT 
performance are listed in Table 3. Overall, the three 
teaching methods were generally valuable for enhancing 
students’ CT competence. However, the M-PBL 
participants performed better in the post-test CT than 
the L-PBL (control group). Compared to H-PBL, we 
found an improvement in students’ CT components, 
recognition of assumptions, and reasoning. 

DISCUSSION 

This study primarily aims to determine the effects of 
M-PBL on students’ argumentation and CT. The results 
show that students engaging in M-PBL biology learning 
showed higher levels of argumentation and better CT. 

Metacognition and Argumentation 

After the intervention, M-PBL students’ 
argumentation scores were significantly higher than 
those of H-PBL and L-PBL, indicating that they had 
improved their ability to construct arguments, 
particularly warrants, reasoning, and more complex 
fully fledged arguments. Numerous researchers have 
examined the relationship between metacognition and 
learning performance (Zhao et al., 2019). This study 

Table 2 (continued). Argumentation of M-PBL, H-PBL, and L-PBL student 

Component of argumentation Group Pre-test (mean) 
Post-test 
(mean) 

p-value 
(ANCOVA) 

Notation* 
(LSD) 

7. Evaluation of the Quality of 
Reasoning 

M-PBL 1.93 2.57 0.000 a   
H-PBL 2.03 2.26  b  
L-PBL 1.98 1.83   c 

8. Concerns of the Student M-PBL 2.08 2.53 0.001 a   
H-PBL 2.40 2.34 a   
L-PBL 1.97 2.12  b  

9. Conclusion and Explanation 
About the Claim 

M-PBL 2.11 2.62 0.002 a   
H-PBL 2.54 2.66 a   
L-PBL 2.41 2.29  b  

Sum of Components M-PBL 16.24 22.91 0.000 a   
H-PBL 18.37 21.08  b  
L-PBL 16.71 17.32   c 

*Note: The same notation indicates that no significant difference exists between the groups, and a different notation indicates that a 
significant difference exists with other groups. 

Table 3. Pre-test and post-test of critical thinking skill performance 

Component of critical thinking Group 
Pre-test 
(Mean) 

Post-test 
(Mean) 

p-value 
(ANCOVA) 

Notation* 
(LSD) 

1. Deduction/Hypothesis MPBL 0.58 1.00 0.001 a   
HPBL 0.43 0.94 a   
LPBL 0.39 0.78  b  

2. Recognition of Assumption MPBL 0.78 1.71 0.000 a   
HPBL 0.74 1.20  b  
LPBL 0.76 0.98   c 

3. Interpretation and Reasoning MPBL 1.22 2.73 0.000 a   
HPBL 1.23 2.14  b  
LPBL 1.17 1.88   c 

4. Inference MPBL 0.67 0.93 0.001 a   
HPBL 0.63 0.83 a   
LPBL 0.66 0.61  b  

5. Decision (evaluation of 
arguments) 

MPBL 0.91 0.98 0.031 a   
HPBL 0.86 1.00 a   
LPBL 0.90 0.88  b  

Sum of Component MPBL 4.16 7.36 0.000 a   
HPBL 3.89 6.11  b  
LPBL 3.88 5.12   c 

*Note: The same notation indicates that no significant difference exists between the groups, and a different notation indicates that a 
significant difference exists with other groups. 
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reveals that metacognitive infusion can help secondary 
school students effectively engage in argument creation. 
M-PBL is a way for students to collaborate to solve 
problems and evaluate processes and solutions. The first 
step is to identify the problem, after which students 
gather the necessary information, consider potential 
solutions, evaluate them, and present their findings. 
Students must frequently understand how their minds 
work to solve problems effectively. For example, they 
must perform critical cognitive tasks, such as 
remembering, learning, arguing, thinking critically, 
solving problems, applying, and making rational 
decisions. (Downing, 2012). In the problem-solving 
process, metacognition helps students reflect on and 
analyze their own thoughts (Student’s response: “I also 
predicted how consumers would react to a restriction on the 
promotion of sweetened drinks”), draw conclusions from 
the analysis, and put what was learned into practice 
(“The stakeholder should educate people and younger people to 
reduce high sugary soft drink consumption”), see Table 1. 

Students engaged in the M-PBL units collaboratively 
solved ill-structured problems, developed arguments, 
and engaged in CT to support their solutions. This study 
shows that metacognitive prompts can help secondary 
school students participate in the argumentation process 
more effectively. The results support previous research 
showing that metacognitive prompts significantly 
affected the learning process and performance 
(Engelmann et al., 2021), and metacognitive prompting 
increased problem-solving performance (Hoffman & 
Spatariu, 2008). In a PBL environment, metacognition, 
which is implemented as a series of consciously 
controlled strategies that are well defined and carefully 
planned, can help students better define problems, 
search for more relevant information, and construct a 
more coherent argument.  

Many SSIs comprise a broad mix of socio-political-
economic-scientific dimensions that include science, 
technology, society, and the environment. Cultivating 
arguments in science problem-solving related SSIs, 
including claims, warrants, evidence, counterclaims, 
and rebuttals, are fundamental expectations of today’s 
scientifically literate citizens (Yore & Treagust, 2006) (See 
Table 1). The M-PBL students demonstrated scientific 
literacy, especially CT proficiency and argumentation, 
when facing SSIs. Statistically significant differences 
existed in CT and argumentation among the three 
groups. Participants in the H-PBL and L-PBL groups 
attempted to use or formulate evidence to bolster or 
refute their arguments, but both had limited ability to 
integrate argument elements, in contrast to M-PBL 
students, who made reasonably sound, evidence-based 
arguments while critically analyzing socioscientific 
problems. 

Metacognition, Argumentation, and Critical Thinking 

Considering that the process of constructing an 
argument is at the heart of critical thinking, generating 
or evaluating arguments about issues can contribute to 
developing and evaluating students’ CT skills (Lin, 
2014). Students who are capable of producing well 
defined scientific argumentation demonstrate their 
ability to perform CT (Giri & Paily, 2020). The 
contribution of metacognition to the development of CT 
has been reported; learners who are engaged in more 
metacognitive activities, especially high-level planning 
and high-level evaluating strategies, have good CT skills 
(Ku & Ho, 2014).  

M-PBL enables students to substantiate their 
arguments with evidence or to refute an argument with 
evidence-based counterclaims or contrary examples, as 
appropriate. Thus, students will likely develop into 
skilled thinkers capable of applying their argumentation 
and CT skills to problem-solving situations. Critical 
thinking is a subset of reflective thought concerned with 
determining what we should believe or do (Ennis, 2018). 
Skilled thinkers demonstrated distinct strengths in their 
ability to plan specific steps that guide their thinking 
(high-level planning) and revise their approach in 
response to evaluation (high-level evaluation); these 
abilities would result in improved thinking 
performance. Metacognitive strategies at the highest 
level would aid in resolving confusion and improving 
argumentation performance. Contrastingly, HPBL and 
L-PBL exhibit low-level strategies, demonstrating an 
awareness of simple questioning or paraphrasing of 
information without any subsequent execution of the 
necessary strategies, indicating confusion rather than a 
solution.  

Critical thinking is a necessary component of 
evaluative reasoning involves assessing the quality of an 
argument in support of a belief or assertion (Fisher, 
2001). Students who are conversant with argumentative 
knowledge produce more persuasive and critical 
arguments (Students response “Assume that the volume of 
beverages sold, indicative of substantial increases in sales at 
the population level. I agree that the government prohibits the 
promotion of high sugar products based on location and price 
through law”), see Table 1. Argumentative knowledge 
includes an understanding of what an argument and its 
components are as well as how to construct a compelling 
argument. To determine problem-solving, learners need 
reasoning and arguments implicitly. Processes, such as 
induction, deduction, inference, value judgment, and 
conclusion, are used by critical thinkers in problem-
solving. Each of these thinking processes require various 
argumentation abilities. Given the growing awareness of 
the importance of developing students’ CT skills, the 
difficulty of sustaining problem-based learning, and the 
paucity of research examining the metacognitive aspects 
of PBL in the classroom, the current findings have added 
significance. 
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CONCLUSION, LIMITATION, AND 
FUTURE RESEARCH 

Developing effective biology teaching is a critical 
challenge for teachers. This research presents an 
evaluation of the PBL implementation with 
metacognitive prompt activities to determine an 
improvement in students’ performance achievement in 
terms of argumentation and CT. This study contributes 
to applying metacognitive prompts to PBL in biology 
learning to improve argumentation skills. Using the M-
PBL scenario enables students to gain CT skills. These 
findings assist teachers in rethinking how students 
benefit from engaging in M-PBL activities; it should be 
considered when designing instructions in the 
socioscientific problem-solving classroom.  

Future research is warranted after a successful M-
PBL implementation. Future study should investigate 
how the implementation of M-PBL affects the growth of 
argumentation and CT in students at various 
performance levels. The validity of this research should 
be further enhanced by using more treatment groups. In 
addition, the content of the developed and applied 
scenarios of M-PBL should be further extended by 
adding other topics in biology. 
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APPENDIX 1 

M-PBL Teaching and Learning Steps in the Digestive Module 

The steps of teaching and learning PBL in Digestive Modul Metacognitive prompt 

Presentation of ill-
structured real-world 
problems 

Students were engaged in the 
process of problem 
identification, generating 
ideas to inquire about and 
formulate hypotheses. 

Students brainstorm about nutrition: the 
benefits of food for health, cases of obesity, 
and malnutrition. 
Problem identification: 

• Identification of the root problems of 
obesity and malnutrition – a dearth of 
nutritious food. 

• The question: how do we create sustainable 
systems for healthy diets? 

Students in groups collect information: 

• healthy food, 

• human digestion system and absorption of 
food, 

• Vitamin and minerals, 

• malnutrition, and obesity crisis. 
Students dialogue with peers to formulate 
opinions/hypotheses. 

The teacher facilitates 
students: 

• Using a mind map to 
relate nutritious food 
and obesity and 
malnutrition 

• Reflection: check and 
recheck problem 
identification 

 

Designing a solution 
to the problem. 

Through problem design, 
students were aware that 
they needed more 
information and skills to "dig 
out" solutions independently. 

Students in a group create the design of 
problems-solutions (how to create sustainable 
systems for healthy diets?) 
Designing solution: 

• How to make a good lunch menu? 

• Promoting to young people a healthy 
lifestyle by consuming halal and nutritious 
food. 

The teacher facilitates 
students: 

• Using a flowchart to 
identify the problem-
solution process 

• Reflection: check 
whether the design 
problems-solutions are 
rational and achievable 
or not. 

Group-structured 
inquiries 

Students in the group 
developed self-directed 
learning skills to answer 
problems through structured 
group inquiry. 

Groupwork creates an exploration: 

• A good lunch menu: 
o Conception on a health food menu 
o Nutrition: carbohydrate, fat, protein, 

minerals, vitamins 
o The digestion, absorption, and 

transportation of nutrients 
o Creative variety lunch menu to avoid 

obesity and malnutrition. 

• Promoting to young people a healthy 
lifestyle by consuming halal and nutritious 
food. 
o The conception of a healthy lifestyle 
o Step to a healthy lifestyle 
o Sport and food consumption for a 

healthy lifestyle 
o Promotion of a healthy lifestyle to young 

people. 

Teachers and students use 
an exploratory 
investigation checklist to 
evaluate: 

• The theoretical basis of 
identification problem-
solution 

• Investigation plan: 
hypothesis, 
investigation design 

• The result, data 
collection, and analysis. 

• Summary and 
recommendation. 

Students and teachers are 
conducting ongoing 
monitoring and review. 

Develop and present 
artifacts and exhibit 

The creation of artifacts and 
exhibits of group-structured 
inquiries. 

Groupwork creates innovative products 
design (posters, papers, videos) about a good 
lunch menu and a call for action to promote 
healthy food. 
Presentation and classroom discussion. 

Teachers facilitate 
students: 

• Groupwork 
presentation and 
classroom discussion 

• Mutual interaction to 
evaluate group work 
product and 
presentation. 

Evaluation and 
reflection. 

Students developed self-
assessment and self-
reflection habits by 
continually asking 
themselves the question. 
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APPENDIX 2 

Rubric to Assess Students' Argument 

Dimension 
Score 

0 1 2 3 
Claim The student 

makes no 
answer. 

The students' response not 
structured as a claim. 

The student identifies only a 
portion of the claim being 
made. 

The student correctly 
recognized the asserted claim. 

Qualifier The student 
makes no 
answer. 

The student's answer fails to 
declare that there are no 
qualifiers included in the 
claim. 

The student recognizes a 
qualifier to a certain 
extent(s) 

The student correctly 
identifies the majority of the 
claim's qualifiers.  

Evidence  The student 
makes no 
answer. 

The student fails to identifies 
instances in which the 
evidence contradicts the claim. 

The student response 
identifies instances in which 
the evidence contradicts the 
claim. 

The student correctly 
identifies the overwhelming 
majority of evidence that 
supports the claim. 

Types of evidence 
identification 

The student 
makes no 
answer. 

The students' answer is 
inaccurate in identifying types 
of evidence. 

The student correctly 
classifies certain types of 
evidence. 

All evidence is appropriately 
classified as fact, theory, or 
opinion by the learner. 

Quality evidence 
evaluation 

The student 
makes no 
answer. 

The students' answer does not 
accurately evaluate or discuss 
the evidence's quality. 

The student assesses and 
discusses some of the 
evidence's quality and 
decides the evidence's 
quality was relevant or 
irrelevant. 

The student assesses and 
discusses the validity and 
reliability of evidence. 

Chain of reasoning 
(warrant) 

The student 
makes no 
answer. 

The student's answer is 
inadequate in explaining the 
connection between evidence 
and the claim. 

The student explains some 
of the reasoning concerning 
the evidence. 

The student explains the 
logical reasoning related to the 
evidence. 

Reasoning type 
identification  

The student 
makes no 
answer. 

The students' answer is 
inaccurate in identifying the 
various types of reasoning. 

The student correctly 
recognizes several different 
types of reasoning. 

The student assesses the 
reasoning's quality and 
explains his/her assessment. 

Reasoning quality 
evaluation 
 

The student 
makes no 
answer. 

The students' answer does not 
accurately assess the 
reasoning's quality. 

The student assesses certain 
aspects of the reasoning's 
quality. 

The student assesses the 
reasoning's quality and 
explains his/her assessment. 

The student concern The student 
makes no 
answer. 

The student response does not 
raise any new pertinent 
concerns. 

The student brings up 
several new pertinent 
issues. 

The student explicitly 
promotes new pertinent 
interests and explains them in 
the form of counterarguments, 
rebuttals, or new questions. 

Conclusion and 
explanation about 
the claim 

The student 
makes no 
answer. 

The students' answer does not 
conclude whether to receive, 
refuse or withstand judgment 
on the claim. 

The student concludes 
whether to receive, refuse or 
withstand judgment on the 
claim. 

The student concludes 
whether to receive, refuse or 
withstand judgment on the 
claim and explains the 
reasoning. 
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APPENDIX 3 

Samples Question of Critical Thinking Dimensions 

Dimensions Definition Sample question  

1. Recognition of 
Assumption  

Recognition of assumption is the 
capacity of the student to identify 
unstated assumptions or 
presuppositions implicit in given 
statements or assertions. 

A recent review of the global status of vitamin C found a high 
prevalence of deficiency, especially in low- and middle-income 
countries. Numerous countries have implemented a program to 
increase vitamin C intake through dietary promotion and 
supplementation. What is the logical premise upon which these 
programs operate? 

2. Deduction The capacity of students for deductive 
reasoning from given statements or 
premises; recognition of the relationship 
of implication between propositions; and 
making an inference based on widely-
accepted facts or premises. 

Cigarette smoking during childhood causes significant health 
problems among young people. What is a rational deduction 
and hypothesis referring relationship between smoking and 
health problems?  

3. Interpretation 
and reasoning 

Interpretation and reasoning is the 
capacity to examine and evaluate things 
logically, using logical consideration to 
make decisions or solve problems based 
on new or existing knowledge. 

Coronary heart disease happens when the heart's arteries 
cannot give enough oxygen-rich blood to the heart. It is the 
world's leading cause of death. The accumulation of plaque in 
the heart's coronary arteries, which can partially or obstruct 
blood flow, is a common cause of coronary heart disease. How 
beneficial is healthy behavior to prevent us from heart disease? 

4. Inference The inference is formulating a 
conclusion that is drawn from evidence 
and reasoning. 

The primary protein found in our red blood cells is 
hemoglobin. It transports and distributes oxygen throughout 
our bodies. When we are anemic, our hemoglobin level is also 
low. What is the relationship between anemia and the energy 
required for movement? 

5. Decision-making The cognitive process's ability leads to 
choosing a reasonable belief or plan of 
action from multiple feasible 
alternatives. 

Since the 2000s, Indonesians have increased their meals 
consumption, particularly from fast-food restaurants. Around 
60% of Indonesian teenagers visited fast-food restaurants at 
least once a month, and 25% regularly visited (two times per 
week). Obesity prevalence increased consistently as fast-food 
restaurants were frequented. Even though 70% of persons who 
visit fast-food restaurants would hypothetically prefer healthier 
fast-food products if they were available, just 15% claimed they 
ever order based on nutritional information. What is the 
rationale for educating teens about fast-food consumption, 
mainly to prevent obesity? 

 

 

https://www.ejmste.com 

https://www.ejmste.com/

	INTRODUCTION
	THEORETICAL FRAMEWORK
	Socioscientific Argumentation and Critical Thinking in the Science Classroom
	Using PBL with Metacognitive Prompts as a Framework for Addressing SSI
	Research Question

	METHODS
	Participants
	Teaching Program and Procedure
	Instruments
	Data Collection and Analysis

	RESULTS
	Argumentation
	Critical Thinking

	DISCUSSION
	Metacognition and Argumentation
	Metacognition, Argumentation, and Critical Thinking

	CONCLUSION, LIMITATION, AND FUTURE RESEARCH
	REFERENCES
	APPENDIX 1
	M-PBL Teaching and Learning Steps in the Digestive Module

	APPENDIX 2
	Rubric to Assess Students' Argument

	APPENDIX 3
	Samples Question of Critical Thinking Dimensions


