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Abstracts: The period of time spent in secondary education is of great consequence, as the interests
and skills acquired during this period can have a significant impact on the development of the
individual as an active citizen and as a professional. In this study, methods centred on the learner
and designed 3 to facilitate the acquisition of 21st-century skills were identified. Subsequently, a
critical analysis of 4 these methods was conducted. This critical analysis was based on the findings of
a survey of teachers’ views on the difficulties they face in implementing STEM education. In
particular, the criteria under consideration are the time required for lesson preparation, the time
needed for classroom activities, and the availability of digital resources. The results of the survey
indicate that each teacher is at liberty to select the methodology that aligns with their pedagogical
approach and the characteristics of their classroom.
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Introduction

It is the responsibility of the teacher to establish a culture within the classroom, which
encompasses the teaching style and, consequently, the teaching methods employed. The efficacy of
the learning objectives is contingent upon the teaching methods employed (Pasigon, 2022). Each
student possesses a distinct temperament and a unique set of interests, which they seek to explore. It
is the responsibility of the teacher to select the most appropriate educational method for their
classroom (Bryce & Withers, 2003). It is, of course, inevitable that throughout the academic year the
teacher will be required to utilise a variety of pedagogical techniques in order to accommodate the
diverse personalities of his students.

The following section will examine the contemporary pedagogical methods that can facilitate
the attainment of the objectives associated with STEM education. An educator who employs these
methods can facilitate the attainment of both cognitive objectives and 21st-century competencies by
their students. The integrated development of students’ personalities and skills represents a
fundamental aspect of education (Galindo-Dominguez, 2021). It is therefore considered that the
strategies that teachers should follow should be oriented in this way (Aidoo, 2023). This approach
has been incorporated into the curricula of numerous countries, including France, Spain, and the
United Kingdom (Galindo-Dominguez, 2021). It seems appropriate, therefore, to make a reference to
these techniques while exploring the educational objectives achieved in each case.

In the studies (Permanasari, Rubini, & Nugroho, 2021; El-Deghaidy & Mansour , 2015; Thi To
Khuyen, Van Bien, Lin P-L, Lin J, & Chang C-Y, 2020) which document teachers’ views and attitudes
about 21st-century skills, there is a consensus that it is important for students to master these skills.
Similarly, in (Permanasari, Rubini, & Nugroho, 2021; Rifandi, Rahmi , Widya, & Indrawati, 2020; Bell,
Morrison-Love, Wooff, & et al., 2018; Ampartzaki, Kalogiannakis, Papadakis, & Giannakou, 2022),
the majority of teachers indicated that they had acquired knowledge about STEM education through

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202502.0798.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

2 of 30

their own initiative, with the internet being the primary source of information. Concurrently, a
multitude of studies have endeavoured to ascertain teachers’ perspectives on the principal
impediments to the implementation of STEM education. The most frequently cited obstacles are a
lack of dedicated classroom time for implementation and insufficient teacher preparation prior to the
lesson (Thi To Khuyen, Van Bien, Lin P-L, Lin J, & Chang C-Y, 2020; Yildirim & Tiirk, 2018; Hackman,
Zhang, & He, 2021). Insufficient infrastructure and equipment in schools (Permanasari, Rubini, &
Nugroho, 2021; Rifandi, Rahmi , Widya, & Indrawati, 2020; Ampartzaki, Kalogiannakis, Papadakis,
& Giannakou, 2022; Yildirim & Tiirk, 2018). Similarly, the research summary by (Aidoo, 2023) also
identifies these issues with regard to the implementation of problem-based learning. In the studies
by (El-Deghaidy & Mansour , 2015; Ampartzaki, Kalogiannakis, Papadakis, & Giannakou, 2022;
Yildirim & Tiirk, 2018; Baltsavias & Kyridis, 2020) , the teachers involved stated that they lacked the
necessary preparation to implement STEM practices in their classrooms. In contrast (Egara &
Mosimege, Effect of flipped classroom learning approach on mathematics achievement and interest
among secondary school students., 2024) found that the flipped classroom learning approach had a
positive effect on mathematics achievement and interest among secondary school students. In
addition to other factors associated with poor student achievement in mathematics, incorrect
instructional strategies and teaching approaches, as well as a lack of resources, have been identified
as contributing to this phenomenon (Egara & Mosimege, Effect of flipped classroom learning
approach on mathematics achievement and interest among secondary school students., 2024).
In light of the aforementioned data, the principal objectives of this research are as follows:

1. The primary objective of this research is to identify pedagogical methods that can be applied
during STEM education and contribute to the acquisition of 21st-century skills. The objective
is to identify pedagogical methods that can be applied during STEM education and
contribute to the acquisition of 21st-century skills. This systematic literature review can
inform the curricula of pedagogical schools and the organisation of seminars and in-school
training. In light of the willingness of teachers to pursue their own professional development
through the enhancement of their pedagogical practices in the classroom.

2. In light of the challenges encountered by educators when integrating STEM education, and
the corresponding pedagogical approaches, an effort is made to identify and select those
methods that effectively address these challenges. A critical analysis will therefore be
conducted of each of the methods in question, with regard to the following characteristics:

a. The time required for lesson preparation by the teacher prior to the lesson itself.
b.  The time required for the lesson to be carried out in the classroom.
c.  The resources required for the lesson

21st Century Skills

It is incumbent upon educators to plan their instruction in a manner that ensures their students
will have acquired some of the 21st-century skills by the conclusion of the academic year. The
accelerating pace of technological advancement and scientific progress is precipitating changes in the
pedagogical paradigm, which cannot be ignored. Consequently, educators are obliged to venture
beyond the confines of their comfort zone and explore the potential of novel pedagogical approaches,
(Warren, 2021). The selection of an appropriate educational strategy is crucial for effective classroom
management and student motivation. An effective strategy creates a conducive learning environment
that engages students and promotes their motivation to learn (Syamsu, Suhendri, Zailani, &
Hardivizon, 2022).

It is imperative to underscore that curricula must be duly aligned to accommodate the
incorporation of novel pedagogical approaches (Afzal, 2020). It is important to note that the
responsibility for shaping the education system does not lie with the teacher; this is a central policy
of each state. It is the teacher who is responsible for implementing the curriculum, and therefore it is
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the teacher who should be permitted to adapt the educational objectives to suit the specific
requirements of their own classroom.

To foster creativity in students, educators must possess familiarity with the pertinent theoretical
frameworks (Kaplan, 2019; Thornhill- Miller, et al., 2023). These frameworks facilitate the acquisition
of knowledge while encouraging exploration and discovery over automatism (OECD, 2019). In such
a supportive environment, it engenders positive affect and mood in students, thereby stimulating
their creativity (Thornhill- Miller, et al., 2023). Furthermore, the support of diverse ideas and the
perception of task difficulty by peer students are also required (OECD, 2019). The cultivation of habits
and characteristics pertinent to creativity among students through training programs (Thornhill-
Miller, et al., 2023).

It is similarly important for teachers to encourage their students to engage in critical thinking.
The acquisition of this skill necessitates the utilisation of methodologies such as brainstorming,
business games, case studies (Meirbekov, Maslova, & Gallyamova, 2022) and other pedagogical
techniques that prioritise the student and problem-solving. The utilisation of digital tools can
facilitate the implementation of these methodologies (Meirbekov, Maslova, & Gallyamova, 2022). It
is therefore incumbent upon the teacher to be able to utilise these tools and to disseminate their
knowledge about them to their students. The capacity for data analysis, which constitutes a
component of critical thinking, can be cultivated through the instruction of mathematics, computer
science, engineering, and science (Hafni, Herman, Nurlaelah, & Mustikasari, 2020).

The implementation of appropriate instructional strategies in the classroom is a crucial
prerequisite for achieving pedagogical goals and fostering the development of skills such as critical
thinking, creativity, innovation, problem-solving, and collaboration (Aidoo, 2023).

Cunstructivism

The prevailing pedagogical approaches are largely founded upon the principles of
memorisation, imitation and modelling (Oon-Seng, 2023). Such methods result in the accumulation
of knowledge, which students are required to recall from memory. The achievement of educational
objectives is typically assessed through a series of examinations (Oon-Seng, 2023). The next key
element of traditional teaching methods is the lecture, which reduces the role of the student to that
of a passive listener, thereby limiting the potential for the development of leadership characteristics
(Petre, 2020).

These processes fail to motivate students to develop their skills, which ultimately results in poor
performance (Syamsu, Suhendri, Zailani, & Hardivizon, 2022). To implement innovative learning,
educational methods should be applied which require students to face real challenges, use higher-
order reasoning, approach interdisciplinary, find and manage information, and finally work in teams
and communicate with other team members (Oon-Seng, 2023).

Constructivist models of learning are those that elucidate the processes through which
knowledge is produced and the manner in which students, as human beings, learn and comprehend
(Shah, 2019; Heystek, 2021). In the context of STEM education, the adoption of constructivist
pedagogical approaches that are learner-centred has been demonstrated to facilitate the development
of the 21st-century skills that are currently in high demand (Keiler, 2018). Further- more, it aligns
with the fundamental principles of effective pedagogy, including engaging students, fostering a
collaborative learning environment, and incorporating democratic processes (Zavlanos, 2003). Such
pedagogical approaches facilitate the development of critical thinking and intellectual dispositions,
which cannot be achieved through mere repetition of actions and unquestioning acceptance of
outcomes (Ellerton & Kelly, 2021). Such pedagogical approaches facilitate positive interactions and
collaboration among students, enabling them to acquire new knowledge from available resources
(Afzal, 2020). Furthermore, they facilitate the acquisition of motivation among students, establish a
more direct connection to real-life situations (which is of primary importance in STEM education),
and ultimately enhance students’ academic performance and examination outcomes (Goodwin,
2024).
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For the teacher, effective teaching necessitates a commitment to staying abreast of developments
in the field of science being taught (Zavlanos, 2003). Furthermore, the utilisation of an intelligent
learning environment is also considered to be an indispensable element. A smart learning
environment may be defined as one that makes use of technology and contains innovative features,
which in turn facilitate the achievement of learning objectives. In this context, it is essential for
teachers to possess the capacity for adaptability and the ability to personalise instruction (Spector,
2014). In this pedagogical approach, the instructor’s role is to equip students with the fundamental
knowledge and key concepts related to the topic under discussion, equipping them with the tools to
engage with the subject matter (Goodwin, 2024).

These constructivist methods are endorsed by a number of models that emphasise collaboration,
problem-solving, discovery and practical application (Susiani, Hidayah, Suhartono, & Salimi, 2019).
In essence, the role of the teacher is to act as a guide for students, facilitating the construction of
knowledge. Furthermore, they structure their teaching in a manner that is closely aligned with the
lived experiences of their students (Heystek, 2021). The collaborative methods employed to address
these needs have been demonstrated to be effective in facilitating the acquisition of 21st-century skills
(Glindiiz, 2023). These are the methods that STEM teachers are required to implement in their
classrooms in order to achieve the desired outcome.

In contemporary pedagogical theory, the focus of the educational process is the student, rather
than the teacher as was the case in the past. Furthermore, the purpose of education is to facilitate
learning, rather than merely to transmit knowledge (Heystek, 2021; Zavlanos, 2003). In a student-
centred pedagogical approach, the primary objective is to facilitate active student engagement with
the subject matter being taught (Heystek, 2021; Brown, 2008). Students are encouraged to pose
questions and to pursue solutions with the guidance of the teacher. Rather than providing direct
answers, the teacher’s role is to facilitate students’ independent discovery (Brown, 2008).
Additionally, students are afforded sufficient time to reflect on their actions and processes (Heystek,
2021). Both the planning and the teaching are conducted in a student-centred manner (Brown, 2008).

The planning phase encompasses activities that are resolved through group discussion. In more
complex activities, the task is related to a problem encountered in everyday life (Heystek, 2021). The
teacher assigns responsibilities to the students and allows them to engage in independent exploration
and discovery. This does not, however, imply that the teacher relinquishes control of the classroom.
Concurrently, students may cultivate their own methodologies for resolving a given issue, which the
instructor then observes and facilitates, thus enabling them to learn in a novel manner. Such
pedagogical methods facilitate students’” autonomy and enhance their critical thinking abilities
(Brown, 2008).

Furthermore, the fostering of creativity is facilitated when students are divided into groups, as
it becomes easier for them to express their opinions without concern for the potential negative
reaction of their peers in the event of an incorrect response. Naturally, in order to attain this objective,
it is essential that the educator devises suitable activities (Jones, 2007). The role of the teacher is that
of a facilitator, providing guidance and support without offering definitive solutions. Furthermore,
students can develop communication skills through this pedagogical approach, as they learn that
collaboration is essential for finding solutions (Brown, 2008). In a group problem-solving setting, each
student has more opportunity to engage in discussion than they would in a teacher-centred
classroom. Consequently, the individual’s abilities in speaking (Jones, 2007) and communication are
enhanced.

Active learning facilitates the potential for higher-order reasoning (Heystek, 2021). Learner
centred teaching may employ a variety of pedagogical methods, some of which are discussed below.
The interaction of group members can facilitate the breakdown of various prejudices that may exist.
Conversely, the input of each individual can facilitate the attainment of the desired solution and the
optimal outcome. Conversely, the feedback provided by either a team member to another or by the
teacher to the team can validate the unsuitability of a thought (Ellerton & Kelly, 2021).


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

5 of 30

Research- Based Learning

Research-based learning employs research as a pedagogical tool, enabling students to not only
learn from and through research but also to gain an understanding of the research process itself
(Dekker & Walsarie Wolff, 2016). Furthermore, when combined with a learner-centred approach to
instruction, it facilitates the acquisition of STEM skills, including critical thinking, which is a
cornerstone of inquiry (Ellerton & Kelly, 2021), as well as questioning (Ellerton & Kelly, 2021; Wang
& Jia, 2023).

In this instance, research constitutes the core of the learning process, forming an integral part of
the entire procedure (Susiani, Hidayah, Suhartono, & Salimi, 2019).

The utilisation of this methodology facilitates the advancement of children’s critical thinking
abilities, as it cultivates curiosity and intellectual curiosity (Reyk, Leasa, Talakua, & Batlona, 2022).
Furthermore, it offers the gratification of contributing to the advancement of knowledge and the
development of novel research areas. In order to achieve inquiry, it is necessary to observe,
participate actively and make use of cutting-edge technologies (Dekker & Walsarie Wolff, 2016). In
the inquiry-based pedagogical method, as in many of the student-centred methods discussed below,
students are required to source information from the internet, analyse it and either summarise it or
select a portion of it. It is evident that students encounter difficulties in attaining this objective. To
surmount this challenge, the cultivation of critical thinking is imperative (Meirbekov, Maslova, &
Gallyamova, 2022).

Inquiry-based teaching is closely related to inquiry-based learning (IBL). The teacher initially
provides guidance to students as they navigate the classroom in search of answers. Over time,
students must progressively demonstrate autonomy while responding to increasingly sophisticated
inquiries (Goodwin, 2024). The processes undergone by students are analogous to those undertaken
by professional researchers (Pedaste, et al., 2015). Subsequently, the student or group of students will
be required to either confirm or reject the hypothesis formulated following the conclusion of the
experiment (Pedaste, et al., 2015).

Technological developments that involve e-learning environments facilitate the implementation
and expansion of inquiry learning (Pedaste, et al., 2015).

In the context of exploratory learning, the initial stage is orientation, whereby the students
become aware of the problem to be solved. Subsequently, the Conceptualisation phase ensues,
wherein the students, based on the preceding theory, formulate hypotheses and questions. The
primary stage of the process is the Investigation phase, during which students engage in exploration,
experimentation, data collection, and subsequent analysis. Subsequently, the summary (conclusion)
is presented, wherein the conclusions are drawn and compared with the initial assumptions and
research questions. The final stage is the discussion, in which the student or group presents the results
to the plenary and is invited to engage in discourse and interaction with other groups (Pedaste, et al.,
2015).

Inquiry-based learning is a fundamental aspect of both problem-based and project-based
learning. It is a prerequisite for the application of the other two processes (Aidoo, 2023). Exploratory
learning represents a problem-solving method (Pedaste, et al., 2015).

Problem- Based Learning

The fundamental premise of problem-based learning is the formation of student groups tasked
with solving a tangible, real-world problem (Keiler, 2018). This approach represents the inaugural
stage of the learning process (Heystek, 2021; Goodwin, 2024). It is recommended that groups be kept
relatively small (Pozuelo-Mufioz, Calvo-Zueco, Sanchez-Sanchez, & Cascarosa-Salillas, 2023). In
these working conditions, which simulate real-world scenarios, the teacher assumes the role of
coordinator, while students are actively engaged in an open-ended task with multiple solutions
(Aidoo, 2023; Heystek, 2021; Goodwin, 2024; Sirotiak & Sharma, 2019). The students are positioned
at the core of the process, thereby assuming full responsibility for the completion of the requisite
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procedures to achieve a desired outcome (Alt & Raichel, 2022). The role of the teacher is to facilitate
the process, rather than to provide definitive solutions and answers to students (Goodwin, 2024). The
group is constituted as a collective of equal members, thereby fostering a self-directed approach to
learning (Oon-Seng, 2023).

The initial task assigned to the teacher is to present a problem in the classroom (Asghar,
Ellington, Rice, Johnson, & Prime, 2012). The problem must be structured in a way that prompts the
students to ask questions that will lead to the acquisition of new knowledge (Aidoo, 2023; Pozuelo-
Muiioz, Calvo-Zueco, Sanchez-Sanchez, & Cascarosa-Salillas, 2023). The subsequent step is to
compile a list of the subject matter they have already acquired (data collection) (Heystek, 2021)
regarding the problem, as well as the actions they must undertake in order to resolve it (Asghar,
Ellington, Rice, Johnson, & Prime, 2012). It is also noteworthy that the majority of real-world
problems necessitate the application of knowledge from a multitude of disciplines. It is therefore
incumbent upon students to be able to synthesise knowledge from these disparate fields (Asghar,
Ellington, Rice, Johnson, & Prime, 2012). In practice, it is the real-world scenario that enables students
to interpret the data and construct models (Aidoo, 2023). During the learning process, students may
identify a gap in their initial goals, necessitating the collection of further data and the commencement
of the cycle anew (Heystek, 2021). The solution proposed by the students should be a collective one,
rather than the output of a single individual. This approach fosters a sense of collaboration and
enhances communication skills, both written and verbal (Jones, 2007). It is essential that at the
conclusion of the process, students are able to demonstrate an understanding of the new knowledge
they have acquired (Heystek, 2021).

It is through their interaction with the environment and the real world that students gain an
understanding of the problem, the management of the data, and the mathematical and physical
constraints that exist (Pohan, Asmin, & Menanti, 2020). Ultimately, students utilise the knowledge
acquired throughout the process and the final outcome as a framework for attaining the learning
objective (Pohan, Asmin, & Menanti, 2020). Upon completion of the process, students have the
opportunity to refine their knowledge base, integrating new insights and experiences alongside their
existing knowledge (Oon-Seng, 2023). The teacher provides support, guidance and encouragement
to their students throughout the learning process (Aidoo, 2023; Pozuelo-Mufioz, Calvo-Zueco,
Sanchez-Sanchez, & Cascarosa-Salillas, 2023; Alt & Raichel, 2022).

The implementation of problem-based learning requires students to engage with the problem at
hand through active participation (Aidoo, 2023; Heystek, 2021; Katsaounos, Zachos, & Siolou , 2014).
This approach enables students to identify the knowledge necessary to develop a solution (Heystek,
2021; Katsaounos, Zachos, & Siolou , 2014). Consequently, theory is integrated into practice, and
students’ skills are utilized to ensure the sustainability of the solution (Heystek, 2021). One potential
outcome of this process is the emergence of diverse and innovative solutions, as proposed by
(Katsaounos, Zachos, & Siolou, 2014). The attainment of the objective is contingent upon the existence
of knowledge drawn from a multitude of disciplinary domains (Katsaounos, Zachos, & Siolou , 2014).
In a survey conducted in US schools, it was found that the frequent use of this pedagogical method
contributes to the development of students’ creativity (Lasky & Yoon, 2020).

At this juncture, the distinction between conventional techniques, wherein educators present a
multitude of examples in the classroom and provide detailed instructions for their resolution, also
becomes evident. The students are then required to replicate these steps in the exercises that they will
complete independently at home. This process, as carried out by the students, cannot be considered
to constitute problem-solving, but rather exercises (Oon-Seng, 2023). In the majority of cases, there is
only one solution, thereby precluding the possibility of identifying a creative one.

The objective of establishing a connection with everyday life is twofold: firstly, to stimulate
interest among students (Heystek, 2021; Katsaounos, Zachos, & Siolou , 2014) and secondly, to
facilitate a deeper understanding of the concepts with which they interact (Aidoo, 2023).
Furthermore, it facilitates the acquisition of knowledge and the advancement of students’ critical
thinking (Keiler, 2018; Gafour & Gafour, 2020; Alsaleh, 2020). This knowledge is not innate but is


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

7 of 30

uncovered by the students during their attempt to resolve the problem (Katsaounos, Zachos, & Siolou
, 2014). Consequently, the optimal circumstances are established for students to construct their own
understanding through collaboration and teamwork within the group (Oon-Seng, 2023).
Furthermore, the encouragement of knowledge acquisition is accompanied by the subsequent
application of that knowledge (Aidoo, 2023). Concurrently, the value of lifelong learning is reinforced
among students (Alt & Raichel, 2022), and the provision of appropriate resources facilitates its
acquisition through he cultivation of critical thinking, collaboration and adaptability (Giindiiz, 2023)

To arrive at a solution to the problem, students must first investigate the problem by seeking out
relevant sources of information. They must then evaluate the information they have found,
discarding any that is not useful (Oon-Seng, 2023; Pohan, Asmin, & Menanti, 2020). They should then
compare, classify and draw conclusions from the remaining information (Oon-Seng, 2023).
Subsequently, an analysis should be conducted in order to identify an appropriate solution (Pohan,
Asmin, & Menanti, 2020). It is evident that the stages of problem-solving are analogous to the stages
through which an individual must progress in order to develop critical thinking, as outlined by
(Aidoo, 2023). The following sources were consulted (Meirbekov, Maslova, & Gallyamova, 2022;
Heystek, 2021; Ellerton & Kelly, 2021; Wang & Jia, 2023; Gafour & Gafour, 2020; van der Zanden,
Denessen, Cillessen, & Meijer, 2020), The capacity to evaluate information and identify suitable
learning resources (Heystek, 2021) is not only associated with the development of critical thinking
(Meirbekov, Maslova, & Gallyamova, 2022; Heystek, 2021) but also with the recognition of the
enduring value of learning (Heystek, 2021).

This method enables students to achieve the desired outcome through a process of interaction
between the problem and the surrounding environment. The aspiration to gain knowledge is kindled
through the individual’s engagement with the problem. The integration of problem-solving with a
collaborative approach facilitates the acquisition of knowledge and enables the assessment of its
applicability and potential benefits (Oon-Seng, 2023).

A further essential element is the necessity for students to address a genuine, practical issue,
which is a fundamental aspect of STEM education. It can be seen, therefore, that this particular
method forms an integral part of STEM education (van Gog, Hoogerheide, & van Harsel, 2020), and
it is therefore desirable for teachers to be able to apply it. In order to apply this method, it is necessary
to adopt a holistic and interdisciplinary approach (Alt & Raichel, 2022; Katsaounos, Zachos, & Siolou
,2014; Navy & Kaya, 2020). The role of the teacher is that of a guide, and they are also able to facilitate
their students in the event that the latter find themselves at a dead end (Heystek, 2021; Asghar,
Ellington, Rice, Johnson, & Prime, 2012). This method facilitates the acquisition of the following skills:

¢ The method facilitates essential learning,

e enabling students to acquire knowledge,

. act,

. motivate the team,

e learn how to learn,

e communicate with the group and learn together (Pohan, Asmin, & Menanti, 2020).

e It also provides students with the opportunity to acquire skills and learn general problem-
solving strategies (Oon-Seng, 2023)

e in the development of the individual’s adaptability (Sirotiak & Sharma, 2019)

e improving student performance (Aidoo, 2023)

e  acquiring research skills

e internalising the new knowledge (Pozuelo-Mufoz, Calvo-Zueco, Sanchez-Sanchez, &
Cascarosa-Salillas, 2023)

Asghar et al. (2012) posit that the problem-based learning model can contribute to a greater
degree than other models in achieving the goals of STEM education. Furthermore, the potential
advantages of integrating problem-based learning into STEM education were examined. The
principal benefits are as follows:
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e  Facilitating the acquisition of comprehensive knowledge across disparate scientific disciplines.
e  Stimulation of curiosity

e  Use of imagination

¢  Understanding the process of scientific research

e  Encourages cooperation as the final solution will be determined by the entire team

e It helps the involved members to identify the knowledge they should require

e  Thoughts on resolution must be actionable

¢  Enhances the student’s interest in achieving the final goal

e  Develops the ability to extend students” knowledge (Asghar, Ellington, Rice, Johnson, & Prime,
2012).

Furthermore, the ability to plan and design is integrated into the problem-solving process,
allowing teams to apply their creative and critical thinking skills. Design thinking is a prominent
feature of engineering and technology, yet it is also evident in the fields of mathematics and natural
sciences. It is thus a component of problem-solving directly related to STEM education (Li,
Schoenfeld, diSessa, & et al., 2019). This specific approach can serve as a conduit between theoretical
and practical knowledge, addressing the primary drawback of conventional methods wherein
students amass knowledge but lack the ability to apply it to novel problems. In contrast, in problem-
based learning, new ideas pertaining to the issue under study are linked with existing knowledge,
experiences, and perceptions (Oon-Seng, 2023). A further advantage of problem-based learning over
traditional techniques is that students are able to retain theoretical concepts encountered during the
course of the process for a longer period of time (Alt & Raichel, 2022). In the article by (Pohan, Asmin,
& Menanti, 2020), a study was conducted to investigate the contribution of problem-solving abilities
to student achievement in mathematics. The results indicated a positive outcome for students who
were taught through problem-based methods in comparison to those who were taught through
conventional methods. The utilisation of problems in the learning process is corroborated by a
plethora of contemporary scientific disciplines, including neuroscience (Oon-Seng, 2023).

The implementation of this specific approach necessitates its incorporation into the curriculum.
The complexity of the problem should be aligned with the cognitive abilities and age of the students.
Furthermore, previous experiences are a significant contributing factor (Oon-Seng, 2023). It is
therefore incumbent upon the curriculum to anticipate the utilisation of novel technologies, thereby
ensuring that students are able to access information that extends beyond the scope of that provided
by the teacher (Aidoo, 2023).

Project Based Learning

Furthermore, project-based learning is centred on the student and has been linked to both the
development of critical thinking and the success of STEM classroom projects (Keiler, 2018). As
previously stated by Zavlanos, this methodology was initially conceptualised by Dewey and
subsequently by Kilpatrick. The initial focus was on enabling students to gain authentic, real-world
experiences. Subsequently, it was linked to the active and enthusiastic participation of students in the
entire process (Zavlanos, 2003). It is appropriate to analyse this pedagogical method as it is
considered to contribute to the acquisition of 21st-century skills by students (Zulyusri, Elfira, Lufri,
& Santosa, 2023).

In the initial stages of the project method, the stimulus for action is presented to the relevant
parties, after which a proposal for action is formulated (Vaina). The initial stage may be initiated with
a question that will direct the students on the appropriate course of action (Goodwin, 2024). The
subsequent phase is the finalisation of the decision. Team members engage in forward planning,
establishing schedules and deadlines (Zulyusri, Elfira, Lufri, & Santosa, 2023), and then distribute
responsibilities (Alt & Raichel, 2022). During the implementation phase, students receive feedback at
designated intervals (Alt & Raichel, 2022). Additionally, the utilisation of technology and other tools
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is imperative (Goodwin, 2024). Nevertheless, they must be able to justify their selection of the
aforementioned method (Zulyusri, Elfira, Lufri, & Santosa, 2023). The presentation of the outcomes
achieved by group members signifies the conclusion of the process (Alt & Raichel, 2022). At the
conclusion of the process, the group presents its findings and conclusions to the entire class or
community (Goodwin, 2024). The entire process typically spans weeks or even months and
frequently encompasses multiple issues (Goodwin, 2024).

The class can be divided into groups, each initially working on the same issue and proposing
their own solutions. In contrast, the groups initially operate independently and subsequently
collaborate to attain the ultimate objective (Vaina). In the second case, there is a possibility that the
group responsible for developing a solution to the problem may differ from the group responsible
for implementing it (Gafour & Gafour, 2020). As part of this process, students engage in research,
evaluate sources, and compose reports about the results of their research for their teacher. This
approach makes the lesson more engaging (Zulyusri, Elfira, Lufri, & Santosa, 2023).

Characteristic of this method is the fact that it has a predetermined and clear purpose which is
connected to situations of everyday life and is carried out in a natural environment (Zavlanos, 2003)
through the interdisciplinary approach (Vaina). While the resolution must be done with respect to
the real world (Zulyusri, Elfira, Lufri, & Santosa, 2023) and the principles of sustainability. It becomes
clear that during the specific educational method other student-cantered teaching methods should
be used (Goodwin, 2024). At the same time, it has as its focus the solution of a problem and requires
the cooperation between the members of the group that will undertake to carry out the work.

Through the freedom provided to the students, the latter become responsible for the correct
planning and elaboration of their work (Zavlanos, 2003) while simultaneously developing their
creativity (Almazroui, 2023), critical thinking and the ability to solve problems, all of this under the
grounds of the individual’s imagination (Zulyusri, Elfira, Lufri, & Santosa, 2023; Wu & Wu, 2020).
Critical thinking is strengthened as initially students must collect information, analyse it and then
develop through new skills that will lead them to solve the problem given to them (Meirbekov,
Maslova, & Gallyamova, 2022). By focusing on solving a problem through research, they escape the
framework of memorization (Zulyusri, Elfira, Lufri, & Santosa, 2023).

In this method learning occurs through the active participation of students (Zulyusri, Elfira,
Lufri, & Santosa, 2023; Almazroui, 2023) in the process and social interaction (Almazroui, 2023). The
advantage of active student participation is the impetus given to them to gather as much information
as possible (Zulyusri, Elfira, Lufri, & Santosa, 2023), thus leading to an in-depth investigation. While
the solution comes from the control of assumptions that arise from experience (Almazroui, 2023).
Processes such as asking questions, participating in activities, using technological media, creating a
derivative, and collaborating among members of a group are used to achieve the ultimate learning
goals. The final product that will be produced by the group of students is unique (Almazroui, 2023),
so it can also be linked to the term innovation.

While individual creativity is stimulated through the discussion required to achieve the goal as
group members must be able to express their personal opinion and then discuss it with the group.
This ability is one of those that characterize a person as creative (Wu & Wu, 2020). When engaging
in this pedagogical method, students may gain significant motivation to learn as in order to be able
to provide a solution to the problem they should first improve their skills (Zulyusri, Elfira, Lufri, &
Santosa, 2023).

Concurrently, the educator must demonstrate a willingness to collaborate with the learners,
providing them with the necessary support and guidance while avoiding undue imposition. For the
method to be successful, it is essential that the teacher dedicates a significant amount of personal time
to lesson preparation. Concurrently, the teacher is obliged to pursue continuous professional
development (Almazroui, 2023). This method is put forth for its implementation in the context of
STEM education, as outlined in the reference (Li, Schoenfeld, diSessa, & et al., 2019).

In all of these methods, where the student is positioned at the centre of the process, the teacher
is required, in accordance with democratic principles, to relinquish some of their authority and share
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power with their students. The role of the teacher is to provide guidance to students, neither offering
a pre-prepared solution nor imposing it upon them (Keiler, 2018). Furthermore, students are divided
into groups with the objective of achieving the learning outcomes. This technique is particularly
effective in fostering the development of two fundamental competencies that are essential in the 21st
century: communication and cooperation.

Design Thinking

Design thinking is a pedagogical approach that is aligned with constructivist principles and is
grounded in interdisciplinary collaboration (Seevaratnam, Gannaway , & Lodge, 2023). The term
"design thinking’ refers to the mental process that an individual follows in order to accomplish the
assigned task, rather than the final product (Razali, Ali, Safiyuddin, & Khalid, 2022). It is deemed an
appropriate methodology for addressing problems that are not fully determinate, as well as those
that are not fully describable (Razali, Ali, Safiyuddin, & Khalid, 2022; Koh, Chai, Wong, & Hong,
2015). This is due to the fact that the outcome of design thinking is capable of adapting to the ever-
changing environment (Koh, Chai, Wong, & Hong, 2015).

One of the key advantages of this approach is the potential to acquire 21st-century skills
(Seevaratnam, Gannaway , & Lodge, 2023; Razali, Ali, Safiyuddin, & Khalid, 2022), which can equip
future workers with the necessary resources (Seevaratnam, Gannaway , & Lodge, 2023). The objective
of this educational process is to enable individuals to approach a problem in a novel manner while
also recognising the opportunities that exist beyond the immediate solution. The primary objective
is to design a product that will comprehensively address the user’s needs (Samrat, et al., 2024).
Achieving this necessitates the individual’s capacity to perceive the intricacy of the issues to be
considered in order to identify a solution, which may encompass social, economic and political
concerns (Koh, Chai, Wong, & Hong, 2015).

In the context of the school, it is recommended that students be divided into groups. This
approach has been shown to have multiple benefits, including fostering team spirit and
communication between group members (Razali, Ali, Safiyuddin, & Khalid, 2022). Prior to the
commencement of the solution-seeking process, it is essential for the team to conduct an investigation
of the contextual environment and identify the factors that could potentially influence it. This is in
accordance with the recommendations set forth by (Razali, Ali, Safiyuddin, & Khalid, 2022; Koh,
Chai, Wong, & Hong, 2015). Additionally, it is crucial to ascertain who will stand to benefit from the
proposed solution. This information is vital for ensuring that the solution aligns with the needs and
interests of the intended beneficiaries (Razali, Ali, Safiyuddin, & Khalid, 2022). In order to arrive at
the optimal solution, the team should consider a multitude of potential ideas, test them in practice,
and evaluate which will best satisfy the user (Samrat, et al., 2024). Students are encouraged to propose
ideas freely and then evaluate them in order to further investigate those that have taken into account
the social context (Koh, Chai, Wong, & Hong, 2015). In order to select the optimal solution, the group
of students should repeat a sequence of verification steps for each sentence collected (Razali, Alj,
Safiyuddin, & Khalid, 2022). This process allows for the solution to be identified for each aspect of
the problem individually, before finally forming the complete solution (Razali, Ali, Safiyuddin, &
Khalid, 2022). During this process, the student develops their critical thinking abilities, as they are
required to navigate complex situations (Koh, Chai, Wong, & Hong, 2015). At this juncture, the
students receive feedback from an expert, and it is recommended that they seek a second opinion
(Razali, Ali, Safiyuddin, & Khalid, 2022). Following this feedback, the optimal solution is selected by
the plenary. In the final stage, students present their work (Razali, Ali, Safiyuddin, & Khalid, 2022).

Its connection with interdisciplinarity (Seevaratnam, Gannaway , & Lodge, 2023; Razali, Alj,
Safiyuddin, & Khalid, 2022; Koh, Chai, Wong, & Hong, 2015) gives rise to creative and innovative
solutions (Seevaratnam, Gannaway , & Lodge, 2023; Razali, Ali, Safiyuddin, & Khalid, 2022; Samrat,
et al., 2024), while necessitating the involvement of creative individuals (Razali, Ali, Safiyuddin, &
Khalid, 2022; Koh, Chai, Wong, & Hong, 2015; Samrat, et al., 2024). Furthermore, it is evident that
design thinking is pertinent to the resolution of problems encountered in everyday life (Razali, Ali,
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Safiyuddin, & Khalid, 2022; Koh, Chai, Wong, & Hong, 2015; Samrat, et al., 2024). It is evident that
there is a clear connection to STEM education, as both interdisciplinary work and creativity and
innovation are fundamental aspects of its foundation.

One disadvantage of this method is the lengthy time required for completion, which is
incompatible with the constraints of a single teaching hour (Razali, Ali, Safiyuddin, & Khalid, 2022).
The application of design thinking is hindered by several factors, including a lack of knowledge about
its implementation among educators, inadequate resources, and time constraints (Razali, Ali,
Safiyuddin, & Khalid, 2022).

Brainstorming

Another prevalent pedagogical approach that situates the learner at the core of the educational
process (Dogan & Batdi, 2021) and can facilitate the acquisition of the requisite competencies is
brainstorming (Dogan & Batdi, 2021). In this method, students are required to express their thoughts
about an issue or problem in an uninhibited manner, without any constraints (Dogan & Batdi, 2021;
Page, 2021). The instructor provides a variety of forms of encouragement in this regard (Dogan &
Batdi, 2021). The primary objective is to identify an expedient solution to the problem. The method
in question is one of group idea generation, whereby group members engage in communication and
interaction (Gong, Lee, Soomro, Nanjappan, & Georgiev, 2022). The teacher records these ideas
without initially offering any corrective feedback, commentary, or comparisons (Dogan & Batd,
2021; Page, 2021). It is essential that the teacher establishes a trusting environment in order to facilitate
students’ comfort in expressing their opinions (Page, 2021).

The method’s primary feature is the significant role of the thinking process on behalf of the
students, with each individual receiving promotion in a different manner (Gafour & Gafour, 2020).
This educational method is not structured (Gafour & Gafour, 2020), yet it is effective in stimulating
creative thinking (Gafour & Gafour, 2020; Dogan & Batdi, 2021). It encourages students to express
any ideas they may have, some of which may be unconventional and innovative, ultimately leading
to the achievement of the final goal (Gafour & Gafour, 2020). During the process, a considerable
number of ideas are recorded, some of which are subsequently rejected by the students themselves.
The remaining proposals will be discussed in the plenary session of the class. At this juncture, the
instructor assumes the role of facilitator, while the final evaluation is conducted by the students
themselves. A prerequisite for success at this stage is the essential interaction between students, as
proposed by (Ghavifekr, 2020).

From the multitude of ideas that will be recorded, it is anticipated that one will emerge that is
not only innovative but also implementable. Additionally, the interaction within the group can
facilitate the further development of an idea by one member in collaboration with another. In such
instances, the introduction of a new element can result in alterations and, consequently, the
emergence of innovative concepts (Gong, Lee, Soomro, Nanjappan, & Georgiev, 2022). At this
juncture, it seems that cooperative learning is associated with brainstorming (Ghavifekr, 2020).

Consequently, throughout the process, students must remain alert in order to participate and to
reconstruct previous knowledge (Dogan & Batdi, 2021). The positive emotional state experienced by
students during the ideation process can facilitate the formation of a positive attitude towards the
lesson, which is a crucial element in any educational system (Dogan & Batds, 2021) .

In order to evaluate the ideas, it is necessary to carry out a mental mapping exercise, in which
the necessary correlations are identified (Gafour & Gafour, 2020), in order to distinguish between
those solutions that are applicable and those that are not. Furthermore, an innovative solution can be
identified and isolated.

Furthermore, a combination of brainstorming can be conducted with the Lotus Blossom
technique. In this instance, the initial concept is retained as the primary focus, with subsequent ideas
(or "petals’) emerging from it and becoming increasingly detailed. Subsequently, novel concepts are
established as the focal point, providing a foundation for subsequent ideation (Gafour & Gafour,
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2020). Consequently, even an initially unclassified concept may ultimately be identified as an
innovation.

Once the aforementioned methods have been completed, it is essential to differentiate between
ideas that can be implemented and those that cannot, while also identifying the most innovative
concepts. One such method is the New-Useful-Feasible (NUF) test, in which the original ideas are
evaluated based on the existence of three characteristics (Gafour & Gafour, 2020).

A novel approach to brainstorming is that of virtual brainstorming. During this process, the rules
of brainstorming previously outlined are applied, albeit with the caveat that participants are
represented by avatars within a digital environment. One advantage of this process is that it is
anonymous, which ensures that participants are able to express their views without fear of
recrimination. Consequently, the number of listed ideas has increased. (Gong, Lee, Soomro,
Nanjappan, & Georgiev, 2022).

Cooperative Learning

The majority of the aforementioned methods can be classified as forms of cooperative learning,
as they necessitate the collaboration of students in groups. Through this collaborative process, the
desired learning outcomes can be achieved. This method is regarded as being of such benefit to
students that it is regarded as a means of improving the quality of national education (Ghavifekr,
2020). In this case, students are required to work in groups, thereby necessitating not only the
cooperation of group members but also the ability to engage with and respond to diverse perspectives
on a given issue. Additionally, students must demonstrate the capacity to construct a rationale in
support of their own position in relation to those of their peers (Goodwin, 2024). It is essential that
groups possess the following characteristics:

e  The groups should be of a relatively small size,
e have a clear structure
e  comprise individuals with diverse backgrounds and perspectives (Zhou & Colomer, 2024).

While its implementation requires its combination with other methods (Goodwin, 2024; Norris,
Taylor, & Lummis, 2023) such as problem solving, (Norris, Taylor, & Lummis, 2023) inquiry-based
learning (Goodwin, 2024; Norris, Taylor, & Lummis, 2023). Therefore, in the cooperative method, the
constructivist educational methods that have already been mentioned can be applied. In this way,
students reap the full range of skills that these teaching methods can bring. While the teacher can
plan more precisely the educational activities to be carried out in the classrooms (Zhou & Colomer,
2024). The responsibility of creating an appropriate environment burdens the teacher and requires
him to leave room for his students to discuss during the lesson, at the same time it will allow the
students to stay fully focused (Afzal, 2020).

The teacher is there to help differentiate the goals for each student, as groups should be
structured in such a way as to promote the strengths of each group member (Goodwin, 2024). The
group should be heterogeneous (Zhou & Colomer, 2024), as the combination of the different positive
characteristics of each student will lead to the fulfilment of the goals. At the same time, the ability to
share knowledge between team members is enhanced as each one has different knowledge (Zhou &
Colomer, 2024).

In the form of such methods, students acquire a series of skills that will be useful to them in their
adult life, such as leadership skills, critical thinking (Petre, 2020; Zhou & Colomer, 2024), the ability
to communicate and cooperation (Petre, 2020; Zhou & Colomer, 2024) , the acquisition of a sense of
responsibility, active participation, the ability to manage disagreements (Petre, 2020) and the
enhancement of motor skills (Zhou & Colomer, 2024). The success of one student is related to the
success of another, therefore there is interdependence between the members of the group which has
a positive sign (Goodwin, 2024). In this direction, continuous cooperation between the members is
required, as well as the correct distribution of tasks among them (Zhou & Colomer, 2024). In addition,
the climate among the students in the class improves, their academic performance (Ghavifekr, 2020)
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but also the individual sense of responsibility towards the group (Zhou & Colomer, 2024). While
through the process of collaboration, cultural and racial differences between team members are
mitigated and stress levels of team members are reduced (Zhou & Colomer, 2024). It becomes possible
to retain knowledge for a long time after the person’s first contact with it (Petre, 2020) but also to
understand it more deeply so that they can apply it (Zhou & Colomer, 2024). At the same time, they
also work in favour of the teacher as they help him manage his class (Szewki, Nussbaum, Rosen, &
etal., 2011).

The result of this is the possibility of applying knowledge to solving a problem (Petre, 2020;
Ghavifekr, 2020) even after a long time. So we are talking about the acquisition of essential knowledge
which is the property of the individual. Over time, with the maturity it brings, this knowledge can
evolve (Petre, 2020). Thus, from the small creativity of the student years, it is possible for the person
to pass to the great creativity during his adult-professional life.

Good practice of implementing cooperative learning at the classroom level can be considered
the participation in the cooperative network e-Twinninig which contributes to the development of
multiple skills such as creativity, entrepreneurship and cooperation (Ghavifekr, 2020).

Among the disadvantages of this method of method could be classified the fact that the
completion of a task does not have a strictly defined time frame (Goodwin, 2024)[30]. This fact is
consistent with the main problems that have been recorded regarding the views of the teachers who
report the lack of time in the classroom but also on behalf of the students, as already mentioned. Also,
the need for communication between students of different cultural backgrounds may increase the
digital divide between students as not all have access to digital tools which may lead to the
marginalization of some group members (Zhou & Colomer, 2024).

Six Thinking Hats

The six thinking hats represent a pedagogical method that is designed to facilitate students’
ability to consider a specific topic from a variety of perspectives. The concept was first proposed by
Edward de Bono in the 1980s (GAYrsoy & A-zcan, 2022), based on the assumption that thinking
represents the pinnacle of human cognitive abilities (GA%rsoy & A-zcan, 2022; Dahlia, Iskandar, &
Mubhayyang, 2024). Conversely, it is a skill that can be developed through the implementation of
suitable processes (Mansurova, 2024). The method may be applied either individually or in groups
(Dahlia, Iskandar, & Muhayyang, 2024). The core of this pedagogical approach is the systematic
analysis of students’ thought processes, whereby these processes are divided into components that
are more readily comprehensible in terms of their objectives (Dahlia, Iskandar, & Muhayyang, 2024).
In this pedagogical approach, the classroom is populated by six metaphorical hats, which represent
different modes of thinking. Each of the hats is associated with a distinct colour, which symbolises a
different mode of thought. To elaborate further:

The white hat represents objective thinking and is based mainly on objects and numbers

o It relates to the information we already have, the information we need to solve the problem, the
information we lack and how we will find it.

*  The red hat indicates emotions such as anger and rage and is intended for the student wearing
it to express their feelings.

o  Here students express their opinions and impressions. At this stage there is no 604 need to
document what is stated.

. The black hat represents reticence and the student who wears it looks for the weaknesses, the
gaps that may exist in the ideas that have already been formulated.

o  The problems and difficulties that exist are identified until the solution is found. The mistakes
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and omissions made in the previous stages of thinking are identified.
*  The yellow hat indicates positive thinking and feelings such as optimism.
o  The student wearing the yellow hat focuses on the benefits.
*  The green hat indicates creativity and the expression of new ideas.

o  The student who wears the green hat tends to go beyond what he already knows, to apply new
ideas.

*  The blue hat is related to organizing thought and checking what has been said by the other hats

o  What was recorded while the students were wearing the other hats is attached in order for the
student who wears it to reach conclusions and also to supervise the observance of the rules
during the process (DeBono, 2006).

In this approach, the role of the teacher is that of a facilitator, providing guidance and support
to learners. It is essential to plan meticulously in advance in order to ensure the success of the course.
The teacher is responsible for selecting the topic and presenting it to the class. Subsequently, the
students are divided into groups. Each group assumes a different role, and then takes turns assuming
each role. Each group records their thoughts (Dahlia, Iskandar, & Muhayyang, 2024). The hats may
be used individually when a specific mode of thinking is required, or in sequence when a topic
necessitates exploration from multiple perspectives (DeBono, 2006). In the context of educational
practice, the teacher refers to the hats by colour, rather than function. This is because it is more
straightforward to instruct students to remove the yellow hat than to instruct them to cease positive
thinking (DeBono, 2006). The teacher poses questions that must have specific content and be related
each time to the corresponding colour of the hat worn by the student (Dahlia, Iskandar, &
Mubhayyang, 2024). Subsequently, each group presents their thoughts and conclusions in plenary,
where a discussion may be held regarding the content of the presentations (Dahlia, Iskandar, &
Muhayyang, 2024).

Students wearing thinking hats are required to approach the same topic from a different
perspective, and this goal can only be accomplished through teamwork (GAV4rsoy & A-zcan, 2022;
Dahlia, Iskandar, & Muhayyang, 2024; Huang, Ko, Lin, Dai, & Chen, 2021) . Consequently, it is
feasible to cultivate competencies such as collaboration (GA%rsoy & A—zcan, 2022; Mansurova, 2024),
the nurturing of creative thinking (GA%rsoy & A—zcan, 2022; Huang, Ko, Lin, Dai, & Chen, 2021) and
lifelong learning (Mansurova, 2024). The development of each member’s thinking is employed for
the benefit of the group, thereby fostering a sense of collective identity and higher levels of self-
esteem (Dahlia, Iskandar, & Muhayyang, 2024). Each student contributes to the group by drawing on
their collective knowledge and previous experiences (Dahlia, Iskandar, & Muhayyang, 2024).
Furthermore, it enhances problem-solving abilities, improves academic performance (Huang, Ko,
Lin, Dai, & Chen, 2021), and facilitates the completion of a case study (Mansurova, 2024). The study
(Huang, Ko, Lin, Dai, & Chen, 2021) demonstrated that students, with the assistance of the Six
Thinking Hats model, were able to effectively alter their thought processes regarding a specific issue
within a relatively short timeframe. Furthermore, the thoughts of the members are effective (Dahlia,
Iskandar, & Muhayyang, 2024) and the communication between them is productive (Mansurova,
2024). The conclusions presented are deemed reliable due to the application of techniques such as
dialogue and questioning throughout the process (Mansurova, 2024).

By engaging in critical thinking about a given issue from multiple perspectives, students develop
the capacity to evaluate information and ideas in a way that encourages active citizenship
(Mansurova, 2024). Information is processed in an objective manner, as students have observed it
from disparate perspectives, thereby facilitating comprehension of complex topics in depth
(Mansurova, 2024). One potential drawback of this approach is the time investment required for
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students to become proficient in the use of the six thinking hats. The time spent in the classroom is
not as productive as it could be (Dahlia, Iskandar, & Muhayyang, 2024).

Flipped Classroom

The flipped classroom is also a pedagogical method based on active learning (Heystek, 2021)
and the principles of constructive learning models (Egara & Mosimege, Effect of flipped classroom
learning approach on mathematics achievement and interest among secondary school students.,
2024). The flipped classroom was first implemented in higher education in 1990 (Kilipiris,
Avdimiotis, Christou, Tragouda, & Konstantinidis, 2024), and subsequently adopted by secondary
education (Galindo-Dominguez, 2021; Olmefors & Scheffel, 2021). The continuous technological
progress that is occurring provides the necessary tools for both students and teachers to implement
the flipped classroom effectively (Egara & Mosimege, Effect of flipped classroom learning approach
on mathematics achievement and interest among secondary school students., 2024).

The application of this method entails the transfer of processes that were traditionally conducted
within the classroom setting to an alternative, domestic environment. In the conventional approach,
the instructor presents the theoretical content, while the students engage in the corresponding
activities outside the classroom. In contrast, the flipped classroom approach reverses this sequence,
reserving the most engaging aspects of the activities for the classroom setting (Galindo-Dominguez,
2021; Egara & Mosimege, Effect of flipped classroom learning approach on mathematics achievement
and interest among secondary school students., 2024). Consequently, students view their instructor’s
recorded lectures at home (Egara & Mosimege, Effect of flipped classroom learning approach on
mathematics achievement and interest among secondary school students., 2024; Heystek, 2021;
Nielsen, 2023). Furthermore, the utilisation of online resources, such as websites, social media
platforms, and educational videos from platforms like YouTube, in conjunction with digital games,
can also be employed (Egara & Mosimege, Effect of flipped classroom learning approach on
mathematics achievement and interest among secondary school students., 2024). While in the
classroom, it is possible to employ active teaching methods such as discussions (Heystek, 2021;
Nielsen, 2023) and the application of exercises and group work (Galindo-Dominguez, 2021). It is
noteworthy that the distinction between this approach and the traditional classroom lies in the
preparation of the lesson, rather than in the manner of its delivery. Furthermore, there is no intention
to supplant the role of the teacher; rather, the objective is to foster more intimate interactions with
students during their time in the classroom (Egara & Mosimege, Effect of flipped classroom learning
approach on mathematics achievement and interest among secondary school students., 2024).

The flipped classroom teaching method comprises two distinct phases:

e The asynchronous phase comprises students engaging with video lectures or processing
material already provided by the instructor. The period during which students engage in
processing occurs prior to their engagement with the specific issue in the classroom.

e  The contemporary phase is characterised by the implementation of all activities within the
classroom setting, with the guidance and instruction of the teacher. Student 683 participation is
active, encompassing activities such as following, discussing, and engaging in group work
(Kilipiris, Avdimiotis, Christou, Tragouda, & Konstantinidis, 2024; Malkoc, Steinmaurer, Giitl,
Luttenberger, & Paechter, 2024).

In this manner, the student gains knowledge during the initial stage with the assistance of
technology, while its consolidation occurs during the subsequent stage with the support of the
teacher and the entire class (Kilipiris, Avdimiotis, Christou, Tragouda, & Konstantinidis, 2024). The
educator is responsible for selecting the method of presentation of the material to be utilized with
their students, ensuring that it is engaging and motivating (Olmefors & Scheffel, 2021). While
studying the material, students may take notes, which can assist them in organising their thoughts
and new knowledge. This enables the new knowledge to be readily available during the second
phase, when it can be utilised. It is evident that the second phase is centred on the students, and thus
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the corresponding educational methods must be selected (Nielsen, 2023) in order to achieve the
desired learning outcomes and competencies. Prior to their attendance at the classroom, students
have already achieved a sufficient level of theoretical understanding, thereby enabling them to
address more complex problems within the classroom setting (Olmefors & Scheffel, 2021). This is
beneficial for the educational process. This finding is corroborated (Olmefors & Scheffel, 2021) in
secondary schools in Sweden. In Nigeria, the use of a flipped classroom has been shown to result in
higher performance in mathematics (Egara & Mosimege, Effect of flipped classroom learning
approach on mathematics achievement and interest among secondary school students., 2024)[. It is
the responsibility of the teacher to ascertain whether their students have completed the tasks set for
them at home and in the classroom (Olmefors & Scheffel, 2021).

The process allows for the saving of productive time in the classroom (Egara & Mosimege, Effect
of flipped classroom learning approach on mathematics achievement and interest among secondary
school students., 2024; Petre, 2020), which can be considered extremely beneficial. The existence of
productive working time in the classroom allows for the interaction of the teacher and the student,
which is the most basic success factor of an educational goal (Olmefors & Scheffel, 2021).
Concurrently, it facilitates the formation of more robust relationships between teacher and student,
as they interact in a more efficacious manner (Egara & Mosimege, Effect of flipped classroom learning
approach on mathematics achievement and interest among secondary school students., 2024).
Consequently, a multitude of activities can be undertaken in which students engage actively under
the guidance of the teacher, having first acquired the requisite theoretical knowledge from the video
lectures (Petre, 2020) which are typically accessible on a dedicated platform (Galindo-Dominguez,
2021). It is feasible for the preparatory material to comprise tasks that will assist students in
performing better in class (Olmefors & Scheffel, 2021). To conclude, it is advised that students engage
in group work (Nielsen, 2023). Such activities facilitate the expansion of their knowledge (Petre, 2020),
while simultaneously reducing the time spent on lectures in the classroom, which often fail to capture
the students’ attention (Nielsen, 2023). The teacher is afforded the opportunity, during the time spent
with their students, to organise well-structured tasks that will have multiple benefits in terms of
achieving the final goals (Nielsen, 2023). The lesson commences with the teacher’s assessment of the
students’ comprehension of the material they have been required to process (Egara & Mosimege,
Effect of blended learning approach on secondary school learners’ mathematics achievement and
retention., 2024). Conversely, students develop a sense of responsibility towards the group and are
committed to success (Nielsen, 2023).

This method, through the cultivation of critical thinking, cooperation and adaptability, facilitates
the individual’s development into a lifelong learner (Giindiiz, 2023), while also enabling the
acquisition of skills (Olmefors & Scheffel, 2021), with a particular emphasis on self-directed learning
(Egara & Mosimege, Effect of flipped classroom learning approach on mathematics achievement and
interest among secondary school students., 2024; Malkoc, Steinmaurer, Giitl, Luttenberger, &
Paechter, 2024). The studies summarised in (Aidoo, 2023; Nielsen, 2023) demonstrate an increase in
student performance and self-confidence as students realise that they can cope with the material they
have been given to study at home and through the autonomy given during this process. The material
is structured in a way that allows for the unique needs of each student to be met (Egara & Mosimege,
Effect of flipped classroom learning approach on mathematics achievement and interest among
secondary school students., 2024), ensuring that all students have the opportunity to respond.
Students are required to work independently at home, thereby enhancing their autonomy and sense
of responsibility. It is incumbent upon the students themselves to ensure they are adequately
prepared for the subsequent lesson. They may do so asynchronously at any time prior to the
commencement of their next class meeting (Galindo-Dominguez, 2021). Students are permitted to
proceed at their own pace and at their own convenience, allowing them to view the video lecture as
often as they wish or to revisit any portion that they find challenging to comprehend (Egara &
Mosimege, Effect of flipped classroom learning approach on mathematics achievement and interest
among secondary school students., 2024). Furthermore, the use of videos during students’
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independent study at home has been shown to reduce the cognitive load they are required to process
(Nielsen, 2023). While collaborative methods applied during the presence of students in the
classroom facilitate the acquisition of higher-order skills (Galindo-Dominguez, 2021).

In contrast, the disadvantages of this method include the lengthy time required for students to
view the video lectures. When combined with homework, students are faced with a considerable
workload (Galindo-Dominguez, 2021; Egara & Mosimege, Effect of flipped classroom learning
approach on mathematics achievement and interest among secondary school students., 2024;
Olmefors & Scheffel, 2021) . Nevertheless, it is evident that the use of videos cannot entirely substitute
for the direct interaction between students and teachers that is inherent to the physical classroom
setting (Olmefors & Scheffel, 2021). Furthermore, if the videos are lengthy students may be unable to
maintain the requisite attention span to pose their queries promptly, resulting in delayed resolution
and potential disruption to the learning process (Galindo-Dominguez, 2021; Egara & Mosimege,
Effect of flipped classroom learning approach on mathematics achievement and interest among
secondary school students., 2024). This can cause them anxiety (Olmefors & Scheffel, 2021). In many
cases, the necessity of using a device with internet access diverts students” attention from the material
being presented, causing them to instead engage with content from other websites or social media
platforms (Egara & Mosimege, Effect of flipped classroom learning approach on mathematics
achievement and interest among secondary school students., 2024). An additional challenge
associated with the flipped classroom approach is the potential for including all students in the
educational process. High-achieving students may be inclined to neglect preparation at home, while
students with learning difficulties may face difficulties adapting to the shifts between synchronous
and asynchronous teaching (Olmefors & Scheffel, 2021). The failure of even one student to study the
preparatory material can result in malfunctions during the second stage of the lesson in the classroom
(Egara & Mosimege, Effect of flipped classroom learning approach on mathematics achievement and
interest among secondary school students., 2024; Olmefors & Scheffel, 2021). Furthermore, another
significant challenge is the availability of digital resources and internet access at home (Galindo-
Dominguez, 2021; Egara & Mosimege, Effect of flipped classroom learning approach on mathematics
achievement and interest among secondary school students., 2024). In view of the dearth of
documented scientific evidence, the flipped classroom is put forward as a pedagogical instrument in
specific instances throughout the academic year, rather than as a pedagogical method to be applied
across the entire subject matter (Olmefors & Scheffel, 2021).

Differentiation Classroom

A further novel pedagogical approach is that of differentiated teaching (differentiation
classroom), which has emerged as a consequence of the global objective to achieve Education for All
inclusively (Eikeland & Ohna, 2022; Lindner & Schwab, 2020). Carol Ann Tomlinson is regarded as
the originator of this pedagogical approach (Kuhr, 2023). The ultimate objective of this approach is
to ensure that all students receive an equitable education, regardless of their individual differences
(Lindner & Schwab, 2020). It is indisputable that in the contemporary classroom, students exhibit a
range of characteristics that differentiate them from one another. These include, but are not limited
to, cognitive level, cultural background, religion, and disability (Lindner & Schwab, 2020; Tomlinson
& Strickland, 2005). The primary rationale for this is that the majority of classes are organised on the
basis of age (Tomlinson & Strickland, 2005). In a class comprising such a diverse cohort, all students
will be invited to acquire new knowledge together and reap the benefits of education (Eikeland &
Ohna, 2022).

In light of these circumstances, differentiated teaching is imperative, as it addresses the disparate
learning requirements (Eikeland & Ohna, 2022; Kuhr, 2023; Altangerel , Tsolmon, & Khulan , 2022),
the varied characteristics of the students (Eikeland & Ohna, 2022; Kuhr, 2023) and their disparate
levels of preparedness (Kuhr, 2023) . This approach, which prioritises students’ skills, interests and
prior knowledge, has been shown to enhance students’ motivation to learn (Altangerel , Tsolmon, &
Khulan , 2022). The overarching objective of this process is to facilitate the optimal attainment of a


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

18 of 30

student’s potential (Eikeland & Ohna, 2022), through the pursuit of a multitude of objectives and
their realisation (Lindner & Schwab, 2020).

The term ’differentiation in terms of the educational process’ refers to the teaching approach that
a teacher will adopt in a class comprising students of varying abilities (Eikeland & Ohna, 2022). In
the work of (Kuhr, 2023), the three levels of differentiation in teaching are outlined according to Dr.
Tomlinson. These are as follows:

o  The first level of differentiation is that of preparedness, which pertains to the prior 780
knowledge of the students in the class. The investigation of prior knowledge in a classroom
characterised by heterogeneity presents a number of challenges.

e  The second level of differentiation is based on interest. At this level, the teacher allows students
to engage with any aspect of the lesson that piques their interest, thereby fostering intrinsic
motivation and increasing the likelihood of success.

e  The third level is that of the learning profile. At this stage, the teacher is required to investigate
the various ways in which the students in his or her class learn. This approach is largely
contingent upon the cultural background of the students.

The instructor in such a class provides a plethora of diverse stimuli, each of which pertains to a
distinct content area, workload, response rate, and complexity (Eikeland & Ohna, 2022). In his lesson
planning, the teacher considers the individual differences among students, with the focus shifting
from the group to the unique characteristics of each student (Eikeland & Ohna, 2022). As is the case
with the majority of student-centred practices, the teacher assumes the role of guide (Kuhr, 2023),
with the students’ needs occupying a central position (Lindner & Schwab, 2020). It should be noted
that this is not individualised teaching (Eikeland & Ohna, 2022; Kuhr, 2023). Rather, it is based on the
provision of a range of activities from which the student can select the one that best suits their needs
(Eikeland & Ohna, 2022).

The primary objective is to present the content in a simplified manner, ensuring its accessibility
for all students. This does not imply that the teaching objectives are restricted or that the students are
required to undertake less work to achieve them (Lindner & Schwab, 2020). In planning a lesson
based on differentiated teaching, the teacher must consider the students’ level of knowledge and their
preferences (Tomlinson & Strickland, 2005). The teacher must foster a supportive classroom climate
and provide ample stimuli to engage students (Lindner & Schwab, 2020; Kuhr, 2023).

Students are divided into groups based on their interests and abilities. The large number of
stimuli and activities offered to the entire group provide numerous opportunities for learning and
engagement (Eikeland & Ohna, 2022). The grouping of students is based on the assumption that each
individual can contribute to the group’s objectives and the learning processes of their fellow group
members in their own unique way (Lindner & Schwab, 2020).

The diversity of the class, which in classical methods acts as an inhibiting factor in differentiated
teaching, is leveraged to facilitate the attainment of the desired outcomes (Altangerel , Tsolmon, &
Khulan , 2022). In a differentiated classroom, multiple learning objectives can be set, enabling each
student to achieve goals that are directly related to their general background. This approach allows
for the optimal performance of each student (Tomlinson & Strickland, 2005). The implementation of
differentiated teaching methodologies facilitates the creation of multiple learning pathways, each of
which is designed to lead to the achievement of specific learning outcomes (Altangerel , Tsolmon, &
Khulan, 2022).

The student is placed at the centre of the educational process (Eikeland & Ohna, 2022), thus
reaping the benefits of student-cantered methods (Eikeland & Ohna, 2022). Respect for the diversity
of the cultural and family background of each student can contribute to the achievement of high goals
at a social level such as the fight against discrimination and exclusion (Eikeland & Ohna, 2022).
Another advantage of this practice that makes it stand out from all the others mentioned is the
reduction of the gap between students who have access to digital resources and those who do not
(Lindner & Schwab, 2020). Through differentiation in instruction the teacher can give different
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homework to each group of students. So for example a student who does not have access to digital
resources can be given books from the school library to complete their homework

In order to evaluate the results of his teaching, the teacher can use classic methods 824 such as
observing students and asking questions (Kuhr, 2023).

Among the disadvantages of this approach can be classified the increase in the achievement gap
between students. Students are divided into groups based on their abilities, which has a negative
impact on the relationship between classmates, motivation, self-esteem and students’ view of school
(Eikeland & Ohna, 2022). Also, in research summarized in (Lindner & Schwab, 2020) as a negative of
this method, the fact that more teaching staff is required in order to implement this teaching is
recorded. Also, preparation time at home is required on the part of the teacher as the goals are now

a spectrum and the material given to the students must correspond to this spectrum (Lindner &
Schwab, 2020).

Discussion

It is imperative that the school be functional in the 21st century, as it is necessary to disengage
from the limitations set by the traditional school. In order to adequately address the challenges that
will inevitably arise, it is imperative to implement educational methodologies that are tailored to the
demands of the 21st century (Razali, Ali, Safiyuddin, & Khalid, 2022).

The teaching method selected by the instructor is a significant determinant of students” interest
in the subject matter. Interest, as an internal factor related to students’ desire to learn, has been
demonstrated to exert a significant influence on the achievement of educational goals (Egara &
Mosimege, Effect of blended learning approach on secondary school learners’ mathematics
achievement and retention., 2024). It is evident that the selection of an appropriate educational
methodology is of paramount importance and forms the foundation of the educational process.

This review has achieved the initial objective of the article, namely to collate contemporary
educational methodologies that prioritise the student as the focal point, facilitating the acquisition of
the requisite skills for the 21st century. The fundamental tenets of each methodology are delineated,
along with an exposition of its merits and shortcomings. With regard to the second research question,
a critical analysis of each method is presented in accordance with the three criteria identified by
teachers as obstacles to the implementation of STEM education. These are:

e  The time required for the teacher to prepare for the lesson

e  The time required for the lesson itself

e  Access to resources, whether these are in-school workshops or out-of-school digital resources
for students.

It should be noted that the authors of this article concur with the assertion put forth by (Koh,
Chai, Wong, & Hong, 2015), namely that the overarching policy will ultimately determine the
educational methods that can be employed to achieve the desired outcomes. In order for educators
to implement the aforementioned pedagogical approaches, it is essential that they are afforded the
requisite autonomy from the confines of the curriculum.

A summary table (Table 1) is then presented, in which the pedagogical methods mentioned are
related to the three criteria that have been set. It should be noted that with regard to the preparation
time required by the teacher prior to the lesson, it is assumed that each teacher addresses the
following day’s lesson at home. Accordingly, a lengthy preparation period is defined as one that
exceeds the time typically dedicated to preparing a conventional, traditional course. The designation
"NO" in the table does not indicate that no preparation is necessary; rather, it signifies that the
preparation required does not exceed the typical preparation associated with a standard, traditional
course.
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Table 1. Correlation between the teacher's preparation time, the classroom time needed for implementation and

the materials needed for each of the pedagogical methods mentioned in the article.
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As can be seen from the comparative table above, the preparation time required by the teacher
for inquiry-based learning is relatively minimal. The majority of the process can be completed by
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students at home, thus conserving valuable classroom time. The only aspect of the process that should
be conducted in the classroom is the presentation of the conclusions of each group. Each of the two
options presents a unique set of advantages and disadvantages. Should the entire process be
conducted within the classroom, it would necessitate the allocation of several teaching hours.
However, this approach allows the teacher to oversee and regulate the students’ progress.
Furthermore, students have access to information through the internet and the school library. This
approach serves to reduce the digital divide between students. In the event that the process is
conducted outside the school environment, time is saved within the classroom setting; however,
disparities exist between students with regard to their access to technological resources. The
preparation time for an inquiry-based lesson is no greater than that required for a traditional lesson.
It is, however, not feasible to complete all four stages of the process within the confines of a single
teaching hour. While the verification of students” hypotheses through experimentation necessitates
the investment of time and resources to design the experiment, procure the requisite tools, establish
the experimental setup, and conduct the requisite measurements. Furthermore, it is not feasible for
students to conduct the entire procedure in the domestic environment. Access to resources
comparable to those available in school science laboratories is necessary. The implementation of
problem-based learning necessitates the allocation of preparation time on the part of the educator, as
the problem ultimately assigned to the students must be meticulously structured. It is proposed that
the problem should have more than one solution, thus affording students the opportunity to select
the solution they consider most appropriate. It is therefore recommended that the teacher should
have explored the possible solutions themselves, while also expressing the problem and objectives in
a clear manner. It is evident that a substantial investment of time is necessary for its preparation.
Furthermore, this approach allows students to engage in the process outside the classroom.
Therefore, the advantages and disadvantages previously outlined in the context of inquiry-based
learning remain applicable.

The implementation of project-based research necessitates the concurrent utilisation of
alternative pedagogical techniques. It is the responsibility of the teacher to select the most appropriate
additional methods to combine with this approach. Therefore, it is essential that they have undergone
thorough preparation before the lesson. The time required for implementation within the classroom
context is contingent upon the method selected. The utilisation of novel technologies is essential for
the retrieval of requisite information. In the pedagogical method of design thinking, it is essential
that the problem is clearly defined. Therefore, the teacher should design it in such a way that there is
no room for misinterpretation. This indicates that the subject matter should have been studied in
depth initially. The implementation of this method is time-consuming, as the group must express a
multitude of ideas, which must then be tested individually. A single teaching hour is insufficient to
complete the task. The verification of hypotheses necessitates the implementation of an experiment
akin to inquiry learning, which consequently entails the same limitations pertaining to the utilisation
of classroom time and access to resources. As with project-based learning, the application of other
educational methods is required for the implementation of brainstorming and collaborative learning.
The act of brainstorming does not necessitate the use of classroom time, as it is merely a method of
recording spontaneous ideas. It is not possible to define the time required in the classroom for
collaborative learning in advance, as there is no defined time frame.

Prior to the lesson, teachers must undertake preparation at various levels in order to facilitate
the six thinking hats. Firstly, the educator must prepare the hats themselves, then the guiding
questions that will be posed to the students to facilitate their engagement. It is essential that the
questions be specific and well structured. Furthermore, the method is also time-consuming to
implement in the classroom. At the outset, the teacher must invest time in elucidating to their
students the specificities of the process, which diverges from other methodologies. They must also
demonstrate how students should engage with the process when they are wearing each of the hats.
The act of donning the metaphorical hat requires the student to engage in a period of contemplation
and articulation. Furthermore, each student requires an adequate amount of time to complete the
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process of going through all the thinking hats and expressing their ideas as much as they wish. The
fundamental principle of the flipped classroom is the saving of productive time in the classroom.
Consequently, a considerable amount of time must be dedicated to teacher preparation prior to the
lesson. In particular, the educator must undertake preparatory work prior to the creation of each
video in order to ascertain the optimal configuration. The creation, editing and uploading of the video
to the platform accessible to students requires a significant investment of time. It is essential to allow
for sufficient preparation time to create the preparatory activities and assignments and to correct
them, which must be completed before the classroom lesson. This allows the teacher to gain insight
into the areas where students may require further guidance. A further significant disadvantage is the
necessity for students to have access to the internet and digital tools. In the absence of the
aforementioned resources, it is not possible for students to participate in the lesson, as the subject
matter extends beyond the scope of traditional library resources. The implementation of
differentiated teaching necessitates the formulation of a diverse range of cognitive objectives for each
student, as the preparation of the lesson requires consideration of the individual characteristics and
needs of each learner. It is essential that teaching materials, classroom activities and homework
assignments are designed with consideration for the diverse needs of students. It is evident that the
preparation of a lesson is a time-consuming process that necessitates meticulous planning. However,
it does not necessitate an extension of the classroom period or access to technologies beyond those
required for a traditional lesson. In conclusion, the teaching methods that necessitate a greater
investment of time on the part of the educator in lesson preparation are as follows: The
aforementioned pedagogical approaches include:

e  Problem-based learning

e  Project-based learning

e  The project-based method
e  Project-based learning

e  Collaborative learning

e  The six thinking hats

e  The inverted classroom

e Differentiated teaching

In light of the time constraints typically faced by teachers, the following methods are proposed
as potential solutions:

e  Teaching based on research
e Inquiry-based learning
e  Design thinking
The methods that require comparatively less time to implement in the classroom are as follows:
e  Teaching based on research
e  Problem-based learning
e  Brainstorming
e Inverted classroom
e  Differentiated teaching
The only methods that do not necessitate access to digital resources and information are:
e  Brainstorming

e  The Six Thinking Hats

It is pertinent to note that there are methods which do not necessitate internet and digital tool
access. In this regard, the provision of computer and tablet access within the educational
establishment represents a laudable practice. Furthermore, municipalities may facilitate access to
students in designated areas, such as libraries, where internet and other digital resources can be
made available. In this case, the implementation of inquiry-based teaching becomes a more viable
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option. During the students” involvement in a scenario based on problem solving, it was observed
that students initially sought information from social networks, as they are familiar with using them
(Pozuelo-Mufioz, Calvo-Zueco, Sanchez-Sanchez, Cascarosa-Salillas, 2023). It is evident that
students should become able to distinguish between valid and invalid sources before starting to
apply any method.

Conclusions

In the context of the student-centred school of the 21st century, the selection of an appropriate
educational method is a crucial element in achieving learning objectives. Educators are confronted
with a plethora of educational methods, the selection of which is contingent upon a number of factors,
including the time available for lesson preparation, the time available in the classroom, the
availability of digital resources, and the level of the students. This article examines a selection of
contemporary educational methods. Following a critical analysis, the methods were categorised in
order to facilitate the selection of an appropriate approach by teachers. Research-based teaching,
inquiry-based learning, inquiry learning and design thinking can be employed by educators who lack
the opportunity to prepare in advance but have the capacity to implement these approaches in the
classroom setting, with students having access to digital resources. Inquiry-based learning, project-
based learning, design thinking, collaborative learning and the six hats of thinking can be
implemented by teachers whose curriculum allows for the requisite classroom implementation time.
The utilisation of techniques such as brainstorming, the Six Hats of Thinking and differentiated
instruction allows students who lack access to digital resources to develop their abilities. It is evident
that these methods can mitigate the digital divide and provide all students with the chance to gain
knowledge. It is also important to recall that equitable education is one of the United Nations
Sustainable Development Goals.

References

1. Afzal, A. (2020). Collaboration in Secondary School Classroom. Pakistan Review of Social Sciences, 1(1),
79-92.

2. Aidoo, B. (2023). Teacher Educators Experience Adopting Problem-Based Learning in Science
Education. Educ. Sci., 13(1113). doi:https://doi.org/10.3390/educscil3111113

3. Almazroui, K. (2023). Project-Based Learning for 21st-Century Skills: An Overview and Case Study of
Moral Education in the UAE. The Social Studies, 114(3), 125-136.
doi:https://doi.org/10.1080/00377996.2022.2134281

4. Alsaleh, N.J. (2020). Teaching Critical Thinking Skills: Literature Review. The Turkish Online Journal of
Educational Technology, 19(1). Retrieved from https://eric.ed.gov/?id=E]J1239945

5. Alt, D., & Raichel, N. (2022). Problem-based learning, self- and peer assessment in higher education:
towards advancing lifelong learning  skills.  Research  Papers in  Education,  1-25.
doi:https://doi.org/10.1080/02671522.2020.1849371

6. Altangerel, B., Tsolmon, R., & Khulan, O. (2022). An Experiment in Applying Differentiated Instruction
in STEAM Disciplines. Eurasian Journal of Educational Research, pp. 21-37. doi:10.14689/ejer.2022.98.02

7. Ampartzaki, M., Kalogiannakis, M., Papadakis, S., & Giannakou, V. (2022). Perceptions About STEM
and the Arts: Teachers’, Parents’ Professionals” and Artists’” Understandings About the Role of Arts in
STEM Education. In: Papadakis, S., Kalogiannakis, M. (eds) STEM, Robotics, Mobile Apps in Early
Childhood and Primary Education. Springer, Singapore. doi:https://doi.org/10.1007/978-981-19-0568-
1.25

8. Asghar, A, Ellington, R, Rice, E., Johnson, F., & Prime, G. M. (2012). Supporting STEM Education in
Secondary Science Contexts. Interdisciplinary  Journal of Problem-Based Learning, — 6(2).
doi:https://doi.org/10.7771/1541-5015.1349


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

26 of 30

9. Baltsavias, A, & Kyridis, A. (2020). Preschool Teachers’ Perspectives on the Importance of STEM
Education in Greek Preschool Education. Journal of Education and Practice, 11(14). Retrieved from
https://pdfs.semanticscholar.org/f008/96106a3657ee59ead2198c1£fa399b2ea0f58. pdf

10. Bell, D., Morrison-Love, D., Wooff, D., & et al. (2018). STEM education in the twenty-first century:
learning at work—an exploration of design and technology teacher perceptions and practices. Int |
Technol Des Educ, 28, 721-737. doi:https://doi.org/10.1007/s10798-017-9414-3

11. Brown, J. K. (2008). Student- Centered Instruction: Involving Students in Their Own Education. Music
educator Journal, 30-35. Retrieved from
https://journals.sagepub.com/doi/pdf/10.1177/00274321080940050108?casa_token=aOCHpgYxzj0AAA
AA:00EM8wPrK3Zdbzk-ynRbOPpLnczQV86vx6BZRROMRhpk9I3-
mCH7G4sNKjolI8QHoPYSTRmucvs6C

12. Bryce, J., & Withers, G. (2003). Engaging secondary school students in lifelong learning. AUSTRALIA:
Australian Council for Educational Research Ltd. Retrieved from https://apo.org.au/node/905

13. Dahlia, D., Iskandar, I., & Muhayyang, M. (2024). Students’ Descriptive Writing Ability Improvement
through Six Thinking Hats Strategy. ARRUS Journal of Social Sciences and Humanities, 4(3), 291-299.
doi:https://doi.org/10.35877/soshum2510

14. DeBono, E. (2006). Six thinking hats. (I'. Mmtagové&rig, Trans.) Alkyon. doi:9789603261278

15. Dekker, H., & Walsarie Wolff, S. (2016). Re-inventing Research-Based Teaching and Learning. European
Forum for Enhanced Collaboration in Teaching. Brussels .

16. Dogan, Y., & Batdi, V. (2021). Revisiting Brainstorming Within an Educational Context: A Meta-
Thematic Analysis. Journal of Learning for Development, 8(3), 542-556. Retrieved from
https://www.sadil.ws/bitstream/handle/123456789/1376/Revisiting %20brainstorming %20within.pdf?s
equence=1&isAllowed=y

17. Egara, F., & Mosimege, M. (2024). Effect of blended learning approach on secondary school learners’
mathematics achievement and retention. Educ Inf Technol. doi:https://doi.org/10.1007/s10639-024-12651-
w

18. Egara, F., & Mosimege, M. (2024). Effect of flipped classroom learning approach on mathematics
achievement and interest among secondary school students. Educ Inf Technol, 29, 8131-8150.
doi:https://doi.org/10.1007/s10639-023-12145-1

19. Eikeland, I, & Ohna, S. (2022). Differentiation in education: a configurative review. Nordic Journal of
Studies in Educational Policy, 8(3), 157-170. doi:https://doi.org/10.1080/20020317.2022.2039351

20. El-Deghaidy, H., & Mansour, N. (2015). Science Teachers’ Perceptions of STEM Education: Possibilities
and Challenges. International Journal of Learning and Teaching, 1(1). Retrieved from
https://d1wqtxtslxzle7.cloudfront.net/38996897/Science_Teachers_Perceptions_of STEM-
libre.pdf?1443957894=&response-content-
disposition=inline%3B+filename%3DScience_Teachers_Perceptions_of STEM_Edu.pdf&Expires=1689
804434&Signature=bhl9eSihCZ~Edq~Bq7oaWbyfa

21. Ellerton, P., & Kelly, R. (2021). Creativity and Critical Thinking. Education in 21st Century, 7-27.
doi:https://doi.org/10.1007/978-3-030-85300-6_2

22. GA%rsoy, E., & A-zcan, E. (2022). Using six thinking hats to raise intercultural awareness: A pre-
experimental study. Porta Linguarum Revista Interuniversitaria de DidAjctica de las Lenguas Extranjeras,
259-274. doi:10.30827/portalin.vi37.20771

23. Gafour, O. W., & Gafour, W. A. (2020). Creative Thinking skills- A Review article. Jourmal of Education
and e-Learning. Retrieved from https://www.researchgate.net/profile/Walid-
Gafour/publication/349003763_Creative_Thinking_skills_-
A_Review_article/links/601aa8bf299bf1cc269e39b1/Creative-Thinking-skills-A-Review-article.pdf

24. Galindo-Dominguez, H. (2021). Flipped Classroom in the Educational System: Trend or Effective
Pedagogical Model Compared to Other Methodologies? Educational Technology & Society, 24(3), 44-60.
Retrieved from https://www jstor.org/stable/27032855


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

27 of 30

25. Ghavifekr, S. (2020). COLLABORATIVE LEARNING: A KEY TO ENHANCE STUDENTS” SOCIAL
INTERACTION SKILLS. MALAYSIAN ONLINE JOURNAL OF EDUCATIONAL SCIENCES, 8(4), 9-21.
Retrieved from https://ojie.um.edu.my/index.php/MOJES/article/view/26394/12190

26. Gong, Z., Lee, L., Soomro, S., Nanjappan, V., & Georgiev, G. (2022). A systematic review of virtual
brainstorming from the perspective of creativity: affordances, framework, and outlook, Digital
Creativity,. Taylor and Francis Online, 33(2), 96-127. doi:https://doi.org/10.1080/14626268.2022.2064879

27. Goodwin, J. (2024). What's the Difference? A Comparison of Student-Centered Teaching Methods.
Educ. Sci., 14(736). doi:https://doi.org/10.3390/educsci14070736

28. Giindiiz, A. (2023). The importance of investigating students’ lifelong learning levels and perceptions
of 2lstcentury skills. International  e-Journal —of Educational Studies, 7(15), 788-796.
doi:https://doi.org/10.31458/iejes. 1346220

29. Hackman, S., Zhang, D., & He, J. (2021). Secondary school science teachers’ attitudes towards STEM
education in Liberia. INTERNATIONAL JOURNAL OF SCIENCE EDUCATION, 43(2), 223-246.
doi:https://doi.org/10.1080/09500693.2020.1864837

30. Hafni, R. N., Herman, T., Nurlaelah, E., & Mustikasari, L. (2020). The importance of science, technology,
engineering, and mathematics (STEM) education to enhance students' critical thinking skill in facing
the industry 4.0. |. Phys.: Conf. Ser.(1521). d0i:10.1088/1742-6596/1521/4/042040

31. Heystek, S. (2021). The implementation of problem-based learning to foster pre-service teachers’ critical thinking
in  education  for  sustainable  development. =~ North-West  University.  Retrieved from
https://repository.nwu.ac.za/bitstream/handle/10394/37545/Heystek_SE.pdf?sequence=1&isAllowed=
y

32. Huang, S.-Y., Ko, P.-]., Lin, H.-H., Dai, R.-H., & Chen, H.-C. (2021). Creative Thinking Counseling
Teaching Program can Improve the Creativity, Creative Tendency, and Self-Concept of Grade 7
Students: A Quasi-Experimental Study. Journal of Creative Bahavor, 55(3), 819-838.
doi:https://doi.org/10.1002/jocb.491

33. Jones, L. (2007). The Student- Centered Classroom. Cambridge University Press. Retrieved from
https://mail brettwilkin.com/phocadownload/StudentCentredClassroom/jones-student-centered.pdf

34. Kaplan, D. (2019). Creativity in Education: Teaching for Creativity Development. Psychology, 10(2), 140-
147. doi:https://doi.org/10.4236/psych.2019.102012

35. Katsaounos, G., Zachos, G., & Siolou , M. (2014). Problem-based learning : A case study in EPALs using
MOODLE. In Proceedings of the Proceedings of the 8th Panhellenic Conference of Computer Science Teachers.
Volos. Retrieved from http://synedrio.pekap.gr/praktika/8o/ergasies/11katsaounos3-full.pdf

36. Keiler, L. (2018). Teachers’ roles and identities in student-centered classrooms. IJ] STEM Ed, 5(34).
doi:https://doi.org/10.1186/s40594-018-0131-6

37. Kilipiris, F., Avdimiotis, S., Christou, E., Tragouda, A., & Konstantinidis, I. (2024). Bloom’s Taxonomy
Student Persona Responses to Blended Learning Methods Employing the Metaverse and Flipped
Classroom Tools. Educ. Sci., 14(418). doi:https://doi.org/10.3390/educsci14040418

38. Koh, J., Chai, C., Wong, B., & Hong, H. (2015). Design Thinking and Education. In Design Thinking for
Education: Conceptions and Applications in Teaching and Learning (pp. 1-15). Singapore: Springer
Singapore. doi: https://doi.org/10.1007/978-981-287-444-3_1

39. Kuhr, B. (2023). Dr. Carol Ann Tomlinson: A Legacy of Differentiated Instruction and Empathetic
Classrooms. In Geier, B.A. (eds) The Palgrave Handbook of Educational Thinkers . (pp. 1-14). Cham: Geier,
Brett A. doi:10.1007/978-3-030-81037-5_193-1

40. Lasky, D., & Yoon, S. (2020). A creative classroom for everyone: An introduction to a small ‘¢’ creativity
framework. Thinking Skills and Creativity, 36. doi:https://doi.org/10.1016/j.tsc.2020.100660.

41. Li, Y., Schoenfeld, A., diSessa, A., & et al. (2019). Design and Design Thinking in STEM Education.
Journal for STEM Educ(2), 93-104. doi:https://doi.org/10.1007/s41979-019-00020-z

42. Lindner, K., & Schwab, S. (2020). Differentiation and individualisation in inclusive education: a
systematic review and narrative synthesis. International Journal of Inclusive Education, 1-21.
doi:https://doi.org/10.1080/13603116.2020.1813450


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

28 of 30

43. Malkoc, S., Steinmaurer, A., Giitl, C., Luttenberger, S., & Paechter, M. (2024). Coding Decoded:
Exploring Course Achievement and Gender Disparities in an Online Flipped Classroom Programming
Course. Educ. Sci., 14(634). doi:https://doi.org/10.3390/educsci14060634

44. Mansurova, E. (2024). Improving critical thinking skills through the six thinking hats technique among
B2-level students. opical Issues of Language Training in the Globalized World, 1(1). Retrieved from
https://inlibrary.uz/index.php/issues-language-training/article/view/33146

45. Meirbekov, A., Maslova, I, & Gallyamova, Z. (2022). Digital education tools for critical thinking
development. Thinking Skills and Creativity, 44. doi:https://doi.org/10.1016/j.tsc.2022.101023.

46. Navy, S. L., & Kaya, F. (2020). PBL as a pedagogical approach for integrated STEM: Evidence from
prospective teachers. Wiley. doi:https://doi.org/10.1111/ssm.12408

47. Nielsen, K. (2023). Why Can the Flipped Classroom Frustrate Students? Experiences from an
Engineering Mathematics Course. Educ. Sci, 13(396). doi:https://doi.org/10.3390/educsci13040396

48. Norris, C., Taylor, T., & Lummis, G. (2023). Fostering collaboration and creative thinking through extra-
curricular challenges with primary and secondary students. Thinking Skills and Creativity, 48. Retrieved
from https://doi.org/10.1016/j.tsc.2023.101296.

49. OECD. (2019). Framework for the Assessment of Creative Thinking in PISA 2021:Third Draft. Retrieved
from https://www.oecd.org/pisa/publications/PISA-2021-creative-thinking-framework.pdf

50. Olmefors, O., & Scheffel, J. (2021). High school student perspectives on flipped classroom learning.
Pedagogy, Culture & Society,, 34(4), 707-724. doi:https://doi.org/10.1080/14681366.2021.1948444

51. Oon-Seng, T. (2023). Problem-Based Learning Innovation: Using Problems to Power Learning in the 21st
Century. Cengage Learning. Retrieved from
http://dspace.vnbrims.org:13000/jspui/bitstream/123456789/4228/1/Problem-
based %20Learning%20Innovation%20Using %20problems%20to%20power%?20learning %20in%20the
%2021st%20century.pdf

52. Page, K. (2021). What is Brainstorming. Science and Children, 58(3). Retrieved from nsta.org/science-and-
children/science-and-children-januaryfebruary-2021/what-brainstorming

53. Pasigon, C. P. (2022). Attributes Of Students Towards Problem Solving In Physics: A Step Towards
Students” Capacity Building. Journal of Positive  School  Psycholog,  6(10), 531-534.
doi:https://journalppw.com/index.php/jpsp/article/view/13138/8523

54. Pedaste, M., MAxeots, M., Siiman, L. A., de Jong, T., van Riesen, S., Kamp , E. T., . . . Tsourlidaki, E.
(2015). Phases of inquiry-based learning: Definitions and the inquiry cycle. Educational Research Review,
14, 47-61. doi:https://doi.org/10.1016/j.edurev.2015.02.003

55. Permanasari, A., Rubini, B., & Nugroho, O. (2021). STEM Education in Indonesia: Science Teachers’ and
Students’ Perspectives. Joulnal of Innovation in Educational and Cultural Research, 2(1), 7-16.
doi:10.46843/jiecr.v2il.24

56. Petre, G.-E. (2020). Developing Students’ Leadership Skills Through Cooperative Learning: An Action
Research Case Study. International Forum, 23(2), 143-162. Retrieved from
https://deliverypdf.ssrn.com/delivery.php?ID=654125087110030107006007089031031076025033067063
006028024026075018102087121107104006025011001016026124055018092067101105112089117023037077
029103070018104125117085098095052046113071005001114021029093077086120102

57. Pohan, A., Asmin, A., & Menanti, A. (2020). The Effect of Problem Based Learning and Learning
Motivation of Mathematical Problem Solving Skills of Class 5 Students at SDN 0407 Mondang. Budapest
International Research and Critics in Linguistics and Education, 3(1).
doi:https://doi.org/10.33258/birle.v3i1.850

58. Pozuelo-Mufioz, J., Calvo-Zueco, E., Sanchez-Sanchez, E., & Cascarosa-Salillas, E. (2023). Science Skills
Development through Problem-Based Learning in Secondary Education. Educ. Sci, 13(1096).
doi:https://doi.org/10.3390/educsci13111096

59. Razali, N., Ali, N., Safiyuddin, S., & Khalid, F. (2022). Design Thinking Approaches in Education and
their Challenges: A Systematic Literature Review. Creative Education, 13, 2289-2299.
doi:https://doi.org/10.4236/ce.2022.137145


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

29 of 30

60. Reyk, ]., Leasa, M., Talakua, M., & Batlona, . (2022). Research Based Learning: Added Value inStudents'
Science  Critical ~Thinking  Skills.  Jurnal  Penelitian  Pendidikan ~ IPA,  8(1), 230-238.
doi:10.29303/jppipa.v8il.1121

61. Rifandi, R., Rahmi , Y., Widya, & Indrawati, E. (2020). Pre-service teachers’ perception on science,
technology,engineering, and mathematics (stem) education. Journal of Physics: Conference Series.
doi:10.1088/1742-6596/1554/1/012062

62. Samrat, R., Pooja, P., Naha, S., Rajvivay, S., Vikas, S., & Deepak, G. (2024). BIBLIOMETRIC ANALYSIS
OF DESIGN THINKING TO DECIPHER RESEARCH TRENDS. Cahiers Megallanes, 06(2).
doi:10.6084/m9.figshare.26310549

63. Seevaratnam, V., Gannaway, D., & Lodge, J. (2023). Design thinking-learning and lifelong learning for
employability in the 21st century. Journal of Teaching and Learning for Graduate Employability, 14(1), 182-
201. doi:https://doi.org/10.21153/jtlge2023vol14nolart1631

64. Shah, R. (2019). Effective Constructivist Teaching Learning in the Classroom. Shanlax International
Journal of Education, 7(4), 1-13. Retrieved from file:///C:/Users/30697/Downloads/SSRN-id4004512.pdf

65. Sirotiak, T., & Sharma, A. (2019). Problem-Based Learning for Adaptability and Management Skills. J.
Prof. Issues Eng. Educ. Prac., 145(4). doi:10.1061/(asce)ei.1943-5541.0000420

66. Spector, J. (2014). Conceptualizing the emerging field of smart learning environments. Smart Learn.
Environ. 1(2). doi:https://doi.org/10.1186/s40561-014-0002-7

67. Susiani, T., Hidayah, R., Suhartono, & Salimi, M. (2019). Research-Based Learning (RBL): How to
Improve Problem Solving Skills? PROCEEDINGS OF THE 3RD INTERNATIONAL CONFERENCE ON
CURRENT ISSUES IN EDUCATION (ICCIE 2018). doi:https://doi.org/10.2991/iccie-18.2019.71

68. Syamsu, N., Suhendri, Zailani, & Hardivizon. (2022). Improving Students’ Collaboration Thinking Skill
Under the Implementation of the Quantum Teaching Model. International Journal of Instruction, 15(3),
451-464. Retrieved from https://eric.ed.gov/?id=EJ1355589

69. Szewki, E., Nussbaum, M., Rosen, T., & et al. (2011). Collaboration within large groups in the classroom.
Computer Supported Learning, 6, 561-575. doi:https://doi.org/10.1007/s11412-011-9123-y

70. Thi To Khuyen, N., Van Bien, N., Lin P-L, Lin J, & Chang C-Y. (2020). Measuring Teachers’ Perceptions
to Sustain STEM Education Development. Sustainability, 12(4), 1531.
doi:https://doi.org/10.3390/su12041531

71. Thornhill- Miller, B., Camarda, A., Mercier, M., Byrkhardt, J.-M., Morisseau, T., Bourgeois- Bougrine,
S., ... Lubart, T. (2023). Creativity, Critical Thinking, Communication, and Collaboration: Assessment,
Certification, and Promotion of 21st Century Skills for the Future of Work and Education. J. Intell., 11(3),
54. doi:https://doi.org/10.3390/jintelligence11030054

72. Tomlinson, C., & Strickland, C. A. (2005). Differentiation in Practice Gradew 9-12. Virginia USA:
Association for Supervision and Curriculum Development Alexandria. Retrieved from
https://repository.bbg.ac.id/bitstream/591/1/Differentiation_in_Practice.pdf

73. van der Zanden, P., Denessen, E., Cillessen, A., & Meijer, P. (2020). Fostering critical thinking skills in
secondary education to prepare students for university: teacher perceptions and practices. Research in
Post-Compulsory Education, 25(4), 394-419. doi:https://doi.org/10.1080/13596748.2020.1846313

74. van Gog, T., Hoogerheide, V., & van Harsel, M. (2020). The Role of Mental Effort in Fostering Self-
Regulated Learning with Problem-Solving Tasks. Educ Psychol Rev 32, 1055-1072.
doi:https://doi.org/10.1007/s10648-020-09544-y

75. Wang, D, & Jia, Q. (2023). Twenty years of research development on teachers’ critical thinking: Current
status and future implications——A bibliometric analysis of research articles collected in WOS.
Thinking Skills and Creativity, 48. doi:https://doi.org/10.1016/j.tsc.2023.101252.

76. Warren, L. L. (2021). The Importance of Teacher Leadership Skills in the Classroom. Education Journal,
10(1), 8-15. doi: 10.11648/j.edu.20211001.12

77. Wu, T.-T., & Wu, Y.-T. (2020). Applying project-based learning and SCAMPER teaching strategies in
engineering education to explore the influence of creativity on cognition, personal motivation, and
personality traits,. Thinking Skills and Creativity. doi:https://doi.org/10.1016/j.tsc.2020.100631.


https://doi.org/10.20944/preprints202502.0798.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0798.v1

30 of 30

78. Yildirim, B., & Tiirk, C. (2018). Opinions of Secondary School Science and Mathematics Teachers on
STEM Education. World Journal on Educational Technology: Current Issues, 10(1), 52-60. Retrieved from
https://files.eric.ed.gov/fulltext/EJ1170368.pdf

79. Zavlanos, M. (2003). Didactics and assessment. Athens: Stanoyli A.E.

80. Zhou, T., & Colomer, J. (2024). Cooperative Learning Promoting Cultural Diversity and Individual
Accountability: A Systematic Review. Educ. Sci., 14(567). doi: https://doi.org/10.3390/educsci14060567

81. Zulyusri, Elfira, E., Lufri, & Santosa, T. (2023). Literature Study: Utilization of the PjBL Model in Science
Education to Improve Creativity and Critical Thinking Skills. Journal of Research in Science Education,
9(1), 133-143. doi:https://doi.org/10.29303/jppipa.v9il.2555

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202502.0798.v1

