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Abstract. Indonesia's SDGs Roadmap 2030 underlines the importance of critical thinking skills to achieve sustainable
development goals. Complex problem-based learning models can be cognitively burdensome for novice learners. Another
factor is the lack of opportunities for students to apply their knowledge in real situations and solve complex problems. This
research aims to develop and test the effectiveness of the ReCLif model more effective to problem-based learning for beginner
learners. The ReCLif model is designed to the cognitive level of novice learners. This research uses research and development
methods from Plomp and Nieveen. The research results the development of the ReCLif model learning syntax is an integration
of complex thinking teaching and learning strategies with 3C3R design problems and 4C/ID instructional design with three
learning stages (1) exploring real life; (2) using complex thinking skills; and (3) creating solutions for life situations. The
results of the quade rank analysis of covariance test, obtained a Sig value. (0.000) <0.05 (a), then HO is rejected and the
research hypothesis is accepted. This means that there are significant differences in critical thinking skills in students between
classes given learning using the ReCLif model and control model. The results of the Bonferroni Dunn test show that the
corrected mean value for the ReCLif model is 80.46, the TPS model is 71.27 and the CTL model is 70.57. It can be concluded
that there is a significant difference in the mean value of critical thinking skills between the ReCLif learning model and the
CTL and TPS models.
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1. INTRODUCTION

In this globalization era, developing individual potential becomes increasingly crucial. Indonesia's 2030
SDGs Roadmap underlines the importance of improving the quality of education to achieve sustainable
development goals. One important indicator is the development of 21st century skills, such as critical
thinking, which equips the younger generation to face the complex modern world [1].

Previous research show that many students still experience difficulties in developing critical thinking
skills, especially in the context of science learning. The results of the PISA study [2] show that Indonesian
students' critical thinking abilities are still below the international average. One factor that contributes to this
problem is the lack of opportunities for students to apply their knowledge in real situations and solve complex
problems [3].

Critical thinking is an essential competency that must be has by every individual, especially novice
learners. As emphasized by [4], critical thinking is not only important for academic success, but also for
everyday life. Beginner learners who have critical thinking skills will be better prepared to face future
challenges, such as making wise decisions, adapting to change, and collaborating with others [5].
Unfortunately, traditional teaching methods are often less effective in developing critical thinking skills.

Traditional teaching methods, which often center on the teacher as the primary source of knowledge and
emphasize memorizing facts, have long been the standard in education. Although this approach is effective
in transferring information, it has limitations in developing critical thinking skills. Research shows that
traditional learning models tend to hinder students' ability to analyze information in depth, evaluate arguments
critically, and solve complex problems. This is in line with the findings of [6] which shows that a learning
approach that is too structured and relies on direct instruction can limit students' cognitive development.

In the other hand, traditional methods often provide less opportunities for students to develop
metacognitive skills. Metacognition or self-awareness of one's own thought processes, is an important
component in critical thinking. However, in highly structured learning environments, students are rarely
invited to reflect on their thought processes or develop effective learning strategies. This is reinforced by [7]
research which shows that one of the factors that most influences learning outcomes is effective learning
strategies.

Problem-based learning is a pedagogical approach that places students at the center of learning by giving
them tasks to solve authentic problems. Problem-based learning encourages students to work collaboratively
in small groups to analyze problems, search for relevant information, evaluate various solutions, and make
decisions. Research shows that problem-based learning has great potential in developing students' critical
thinking skills. Current research shows that problem-based learning is effective in developing relevant 21st
century skills, such as critical thinking, creativity, and collaboration. For example, [8] found that students
involved in problem-based learning projects showed significant improvements in critical thinking and
complex problem-solving skills compared to a control group.

Although problem-based learning is often associated with face-to-face learning, research shows that
problem-based learning approaches can also be implemented effectively in online learning environments. [9]
found that students who took part in online learning with a problem-based approach showed significant
improvements in critical thinking abilities and problem solving skills. Problem-based learning is in line with
the development of 21st century skills needed in the world of work. [10] found that problem-based learning
can help students develop the critical thinking, creativity and collaboration skills needed to face future
challenges.

One of the main advantages of the problem-based learning approach is its ability to motivate students.
When students are involved in solving problems that are relevant to real life, they tend to be more motivated
to learn and retain the knowledge they gain. Recent research shows that problem-based learning can increase
students' intrinsic motivation and their engagement in learning. For example, [11] found that students engaged
in problem-based learning reported higher levels of interest and engagement compared to students in
traditional learning.

This purpose of this research is to introduce ReCLif, a learning model developed with an innovative
problem-based approach and specifically designed to improve critical thinking skills in novice learners.
Problem-based learning has long been recognized as an effective approach in developing critical thinking
skills. However, previous research shows that problem-based learning can pose a significant cognitive load
for novice learners, especially when they are faced with problems that are too complex or abstract [12].
Excessive cognitive load can hinder concept understanding and reduce learning motivation for novice
learners.
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According to [5] cognitive load is felt by novice learners. [13] explain that novice learners are students
who have never received a problem-based learning scheme before, so they have not yet understood and
familiarized themselves with the nature of complex learning tasks. [14] explains that students who understand
and can adapt to learning materials and tasks will quickly process information in short-term memory, so they
can adapt to the way the brain works which can help them learn more effectively, so in its sustainability
problem-based learning should offers students the opportunity to engage with real-world issues.

2. RESEARCH METHODS

The ReCLif model implemented in class X of Madrasah Aliyah Negeri (MAN) 2 Pontianak City. This
research involved 3 classes with a total of 104 students in Biodiversity and Global Warming subjects. This
research uses a research and development design that refers to the [15] model consisting of three stages,
namely (1) preliminary research; (2) development phase; and (3) an assessment phase to evaluate the
effectiveness of the ReCLif learning model in improving students' critical thinking skills.

The research instruments used include essay tests to measure critical thinking skills. The research
instrument used in this research has gone through the validation and reliability stages. The results of the
construct validity test show that the ReCLif model, teaching modules, student worksheets, and critical
thinking skills instruments have a very good level of validity with a percentage above 90%. Specifically for
the critical thinking skills instrument, of the 12 questions, 6 questions were declared valid. Reliability testing
of learning tools and critical thinking skills instruments using Cronbach's alpha produced a value of >0.50
which indicates high reliability. The results of the normality test using Kolmogorov Smirnov and
homogeneity using Levene's test showed that the data were not normally distributed and homogeneous (Table
1), data analysis was carried out using the non-parametric statistical test Quade Rank ANCOVA and the
Bunferroni Dunn post hoc test.

Tabel 1. Normality and Homogeneity Test of Critical Thinking Result

Statistical Assumption Sig (2-tailed) Description
Ne- Test Pretest Posttest
1 Kolmogorov Smirnov Test  0.003 0.000 Not normally distributed
2 Levene’s Test 0.578 0.002 Not homogen

3. RESULTS AND DISCUSSION

This research aims to develop and evaluate the effectiveness of the ReCLif model in improving the critical
thinking skills of class X high school students on biodiversity and global warming. The ReCLif model offers
a unique approach by presenting problem contexts that are authentic and relevant to students' daily lives, such
as the impact of climate change on biodiversity in the surrounding environment. In contrast to conventional
problem-based learning models which often use artificial scenarios, ReCLif encourages students to carry out
direct observations and interviews and interact with the surrounding community to collect the data needed to
solve problems.

The development of the ReCLif model in the preliminary study focused on needs analysis (1) analysis of
critical thinking empowerment by teachers; (2) analysis of students' mastery of critical thinking skills; and
(3) analysis of literature studies related to theoretical and empirical studies of development research. Based
on the results of filling out a questionnaire on empowering critical thinking in biology learning in class by 12
teachers, it was found that 56% of teachers still had not empowered critical thinking skills and had not
innovated in learning, including using problem-based learning models in biology learning. Initial analysis
was carried out to determine the description of the mastery of critical thinking skills of class X students from
8 high schools in Pontianak City. The results of the study showed that the average score for students' mastery
of critical thinking skills was 47.58 with moderate qualifications.

The literature study analysis aims to collect information related to the rationality of developing the ReCLif
model. This literature study examines the conceptual basis and supporting learning theories. The foundation
of the development concept includes complex thinking teaching and learning strategies, 3C3R design
problems, and 4C/ID instructional design. Supporting learning theories include cognitive learning theory,
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behaviourism, meaningful learning, cognitive constructivism, constructivism, social constructivism,
information processing, social learning, and experiential learning.

The development of the ReCLif model syntax was carried out by integrating components of complex
thinking teaching and learning strategies with 3C3R design problems and 4C/ID instructional design to
produce learning stages. Next, the learning stages that have been formed will be conceptually synthesized
through theoretical support to produce learning activities that can empower critical thinking skills.

The development of the ReCLif learning model syntax produces three stages along with learning
activities. The development of the ReCLif model syntax obtained by integrating the components of complex
thinking teaching and learning strategies, 3C3R Design Problem, and 4C/ID instructional design. Apart from
being supported by conceptual theory, syntax development is also supported by theories that can empower
critical thinking skills. The first stage is exploring real life, having learning activities, namely (1) reading the
material contained in the student worksheet (LKPD); (2) identify problems; and (3) collecting information
through observation and interviews. At this stage the teacher builds learning in accordance with real life
realities by integrating critical issues so that it is hoped that the knowledge within students can develop
through learning events in everyday life. The learning developed by the teacher has paid attention to aspects
of the content and context of problem design. In constructing problems the teacher refers to facts and pays
attention to critical issues, so that through these problems students are expected to be able to build contextual
knowledge together with dominant knowledge.

The second stage learning activities by using complex thinking skills are (1) evaluating evidence; (2)
consider alternative problem solving solutions and their implications. At this stage, various kinds of complex
thinking skills are used by group members in order to contribute to successful problem solving. By evaluating
evidence, students are expected to be able to use critical thinking to question sources of information that have
been obtained, check the validity of evidence, identify bias or errors in arguments, and interpret relevant data
to solve problems. A good critical thinker must be able to question the information they receive, assessing its
reliability and relevance through evaluating evidence [16].

The next activity is to consider alternative problem solving solutions and their implications. In this
activity, students and their groups are expected to conduct problem-based discussions to analyse problems
from various points of view, generate creative ideas, consider the implications of each solution including
short-term and long-term consequences, understand the potential risks and benefits of each alternative
solution. According to [17] through the process of evaluating alternative solutions, students can develop
critical thinking skills in analysing the social impact of solutions.

The third stage of creating a solution for life situation, has learning activities, namely (1) selecting and
implementing the best solution; and (2) reflecting through presentations. At this stage, the application of
students' knowledge and skills will produce problem solving which is expected to provide solutions that can
have a good impact on life. The activity of selecting and implementing the best solution expects students to
critically, through communication and collaboration skills, be able to make decisions from several proposed
alternative solutions to be used as the best solution that can be implemented to have a good impact on life.
According to [18], finding a solution indicates that learning activities involving simple to complex thinking
skills have gone well during learning. The activity of reflecting through presentations is where students
evaluate the learning experiences they have gone through as well as solving the resulting problems and their
impact on life. It is hoped that in this activity, apart from students having communication and collaboration
skills, students also have the ability to reflect critically on themselves to assess their strengths and weaknesses
in carrying out the problem solving process.

4. CONCLUSIONS

The ReCLif learning model is a problem-based learning approach designed to develop critical thinking
skills in beginner students. This model emphasizes active, collaborative and reflective learning by considering
students' cognitive load during the learning process. ReCLif's key features include authentic problem solving,
project-based learning, and metacognitive reflection. Through the implementation of ReCLif, students are
invited to identify problems, collect information, analyze data, evaluate various solutions, and communicate
results effectively. The research results show that the application of the ReCLif model significantly improves
students' critical thinking abilities, especially in terms of analysis, evaluation and problem solving.

These findings have very important implications for educational practice. The ReCLif model offers an
attractive alternative to traditional, more passive learning methods. By equipping students with strong critical
thinking skills, this model not only helps them achieve academic success, but also prepares them to face
increasingly complex real-world challenges. Therefore, educators are strongly encouraged to consider
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adopting the ReCLif model in their learning practices. In this way, we can create a generation of students
who not only have extensive knowledge, but are also able to think critically and creatively to solve complex
problems.

BIBLIOGRAPHY/REFERENCES

(1]

(2]
(3]
(4]
(5]
(6]

(7]

(8]

(9]

(10]
(1]
[12]
[13]
(14]

[15]

[16]

(17]

[18]

J. C. Sanabria and J. Aramburo-Lizarraga, “Enhancing 21st century skills with AR: Using the gradual immersion method
to develop collaborative creativity,” Eurasia J. Math. Sci. Technol. Educ., vol. 13, no. 2, pp. 487-501, 2017, doi:
10.12973/eurasia.2017.00627a.

Y. Kusumoto, “Enhancing critical thinking through active learning,” Lang. Learn. High. Educ., vol. 8, no. 1, pp. 45-63,
2018, doi: 10.1515/cercles-2018-0003.

T. Pieterse, H. Lawrence, and H. Friedrich-Nel, “Critical thinking ability of 3rd year radiography students,” Heal. SA
Gesondheid, vol. 21, pp. 381-390, 2016, doi: 10.1016/j.hsag.2016.07.002.

H. A. Butler, “Halpern Critical Thinking Assessment predicts real-world outcomes of critical thinking,” Appl. Cogn.
Psychol., vol. 26, no. 5, pp. 721-729, 2012.

K. L. Fraser, P. Ayres, and J. Sweller, “Cognitive load theory for the design of medical simulations,” Simul. Healthc., vol.
10, no. 5, pp. 295-307, 2015, doi: 10.1097/STH.0000000000000097.

S. M. M. Loyens, H. G. Schmidt, T. Van Gog, and F. Paas, “Problem-based learning is compatible with human cognitive
architecture: Commentary on Kirschner, Sweller, and Clark (2006),” Educ. Psychol., vol. 42, no. 2, pp. 91-97, 2007, doi:
10.1080/00461520701263350.

C. P. Dwyer, M. J. Hogan, and I. Stewart, “An evaluation of argument mapping as a method of enhancing critical thinking
performance in e-learning environments,” Metacognition Learn., vol. 7, no. 3, pp. 219-244, 2012, doi: 10.1007/s11409-
012-9092-1.

C. H. Chen, H. T. Hung, and H. C. Yeh, “Virtual reality in problem-based learning contexts: Effects on the problem-
solving performance, vocabulary acquisition and motivation of English language learners,” J. Comput. Assist. Learn., vol.
37, no. 3, pp. 851-860, 2021, doi: 10.1111/jcal.12528.

C. Goumopoulos and I. Mavrommati, “A framework for pervasive computing applications based on smart objects and end
user development,” J. Syst. Softw., vol. 162, 2020, doi: 10.1016/j.jss.2019.110496.

J. Merritt, M. Y. Lee, P. Rillero, and B. M. Kinach, “Problem-based learning in K-8 mathematics and science education: A
literature review,” Interdiscip. J. Probl. Learn., vol. 11, no. 2, pp. 5-17, 2017, doi: 10.7771/1541-5015.1674.

M. Moallem, W. Hung, and N. Dabbagh, Comparative Pedagogical Models of Problem-Based Learning. 2019.

Y. Chung, J. Yoo, S. W. Kim, H. Lee, and D. L. Zeidler, “Enhancing Students’ Communication Skills in the Science
Classroom Through Socioscientific Issues,” Int. J. Sci. Math. Educ., vol. 14, no. 1, pp. 1-27, 2014, doi: 10.1007/s10763-
014-9557-6.

Y. Yusof, L. M. Fong, and L. C. Sem, “Integrasi konsep dan teori beban kognitif dalam pendidikan kejuruteraan di
Malaysia: satu kajian literatur,” Geogr. - Malaysian J. Soc. Sp., vol. 12, no. 3, pp. 46-57, 2016.

J. Sweller, “Instructional Design Consequences of an Analogy between Evolution by Natural Selection and Human
Cognitive Architecture,” Instr. Sci., pp. 9-31, 2004.

T. Plomp, “Introduction to Educational Design Research: An Introduction,” An Introd. to Educ. Des. Res. - Part A, pp. 11—
50, 2013, [Online]. Available:

http://www.eric.ed.gov/ERICWebPortal/recordDetail 7accno=EJ815766%0Ahttp://international.slo.nl/edr.

L. Elder and R. Paul, “The Aspiring Thinker’s : Guido to critical thinking,” Foundadion Crit. Think. Press, pp. 1-50, 2009,
[Online]. Available: http://www.criticalthinking.org/files/SAM_ Aspiring_Thinkers_GuideOPT.pdf.

A. Wiek, B. Ness, P. Schweizer-Ries, F. S. Brand, and F. Farioli, “From complex systems analysis to transformational
change: A comparative appraisal of sustainability science projects,” Sustain. Sci., vol. 7, no. SUPPL. 1, pp. 5-24, 2012,
doi: 10.1007/s11625-011-0148-y.

B. Wilson and P. Cole, “A Ciitieal Review of Elaboration Theory,” 1992.



