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ABSTRACT

This review synthesizes learner-centered pedagogies for STEM education and
evaluates their feasibility under common classroom constraints. Using a
structured search of scholarly databases, we analyzed 61 sources on
constructivist, inquiry-, problem-, and project-based learning, design thinking;
brainstorming; cooperative learning, Six Thinking Hats; flipped classroom, and
interactive teaching. Comparative findings indicate no single “best” approach.
Effective selection depends on instructional aims, student characteristics, and
local conditions, especially advanced preparation time, in-class time demands,
and availability of digital and material resources. Evidence highlights persistent
barriers—limited time, teacher training needs, and infrastructure gaps—yet also
documents gains, particularly for flipped models in mathematics. We conclude
with a practical decision frame and recommendations for curriculum design,
professional development, in-service support, and classroom assessment
guidance.

Keywords: constructivism, research-based learning, problem-based learning,

project-based learning, design thinking, six thinking hats, flipped classroom,
differentiated 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 depends on 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 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 reduce the achievement
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 refer to these techniques
while exploring the educational objectives achieved in each case.

In the studies (Permanasari et al., 2021; El-Deghaidy & Mansour , 2015;
Thi To Khuyen et al., 2020; Golegou et al., 2025) which document teachers’ views
and attitudes about 2 1st-century skills, there is a consensus that it is important for
students to master these skills. Similarly, in (Permanasari et al., 2021; Rifandi et
al., 2020; Bell et al., 2018; Ampartzaki et al., 2022; Golegou et al., 2025), the
majority of teachers indicated that they had acquired knowledge about STEM
education through 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 et al., 2020; Yildirim & Tiirk, 2018; Hackman et al., 2021).
Insufficient infrastructure and equipment in schools (Permanasari et al., 2021;
Rifandi et al., 2020; Ampartzaki et al., 2022; Yildirim & Tiirk, 2018). Similarly,
the research summary by (Aidoo, 2023) also identifies these issues about the
implementation of problem-based learning. In the studies by (El-Deghaidy &
Mansour , 2015; Ampartzaki et al., 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
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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 purpose 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. Considering the challenges educators face when integrating STEM education
and the corresponding pedagogical approaches, an effort is made to identify
and select methods that effectively address these challenges. A critical
analysis will therefore be conducted of each of the methods in question,
concerning the following characteristics:

a. The time required for lesson preparation by the teacher before the
lesson itself.

b. The time required for the lesson to be carried out in the classroom.

c. The resources required for the lesson

LITERATURE REVIEW

2157 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). Selecting an appropriate
educational strategy is crucial for effective classroom management and student
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motivation. An effective strategy creates a conducive learning environment that
engages students and promotes their motivation to learn (Syamsu et al., 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 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 (Thomhill- 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 essential 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 et
al., 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 et al., 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 et al., 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).

RESEARCH METHOD

This study reports a narrative literature review. We searched four scholarly
indexes—Google Scholar, Semantic Scholar, MDPIL, and Scopus—using the
following Boolean query (applied identically in each database):
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(“STEM education”) AND (constructivism OR “inquiry-/research-
based learning” OR “problem-based learning” OR “project-based
learning” OR “design thinking” OR brainstorming OR “cooperative
learning” OR “Six Thinking Hats” OR “flipped classroom” OR
“interactive teaching”/“differentiated instruction”)

After title/abstract screening for relevance to classroom implementation of learner-
centered STEM pedagogies, 61 sources were retained and coded by primary
pedagogy (non-exclusive categories): constructivism 22.95% (n=14); inquiry-
based 14.47% (n=7); problem-based 37.70% (n=23); project-based 19.67%
(n=12); design thinking 6.56% (n=4); brainstorming 8.20% (n=5); cooperative
learning 14.48% (n=7); Six Thinking Hats 8.20% (n=5); flipped classroom
13.11% (n=8); interactive teaching 8.20% (n=5). Because some articles
addressed multiple approaches, percentages exceed 100% in aggregate.

Constructivism

Traditional teaching methods mainly focus on students accumulating
knowledge, which they are then required to recall to be assessed on their
achievement of learning objectives through a series of exams (Oon-Seng, 2023).
In this approach, students memorize, imitate and model (Oon-Seng, 2023). The
course is taught through passive listening during lectures (Petre, 2020). This
approach is not motivating for students, resulting in low performance (Syamsu et
al., 2022).

Modern pedagogy, on the other hand, focuses on the student, with the
central goal being learning rather than teaching per se (Heystek, 2021; Zavlanos,
2003; Li Y., 2025). Methods are also student-centered, based on active student
participation in the educational process (Heystek, 2021), (Brown, 2008).
Innovative learning, however, requires educational methods in which students face
real challenges, engage in higher-order thinking, use interdisciplinary approaches,
find and manage information, work in groups and communicate with each other
(Oon-Seng, 2023).

Constructivist learning models form part of modern pedagogy, explaining
how knowledge is produced, how students learn, and, more generally (Shah, 2019),
(Heystek, 2021), how people understand things (Heystek, 2021). When applied to
STEM education, these methods contribute to the development of 21% century
skills (Keiler, 2018).

Table 1 shows the common characteristics of constructivist learning
models, the role of the teacher in them and the educational goals achieved by
students through their use.
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Many modern methods focus on the student. This document first
analyzes constructivist methods and then methods based on the same principles.
More specifically, it analyzes:

* Research-based teaching
* Problem-based teaching

* Project-based teaching

* Design thinking

* Brainstorming

* Collaborative learning

» Six thinking hats

» Flipped classroom

» Differentiated instruction.

Research-based Teaching

Research-based learning uses the research process for two purposes. Firstly,
students achieve the learning objectives of the course while learning to conduct
research (Dekker & Walsarie Wolff, 2016). Table 2 shows the characteristics of
this method, the role of the teacher and the educational goals achieved.

Table 2 The characteristics, the role of the teacher and the educational goals
achieved when using research-based teaching

Elements/ Characteristics Teacher's role Results

e  The student is at the e  Guides (Reyk e Developing 21st-century
center of learning et al., 2022) skills (Keiler, 2018) (critical
(Keiler, 2018). e  Supports (Reyk thinking (Keiler, 2018)

e Research is at the heart et al., 2022) (Reyk et al., 2022)
of learning (Ellerton & (Meirbekov et al., 2022)).
Kelly, 2021; Susiani et e Learning to question, a
al., 2019) cornerstone of research

e Knowledge is built (Ellerton & Kelly, 2021;
gradually (Dekker & Wang & Jia, 2023) .
Walsarie Wolff, 2016). e  Cultivating curiosity (Reyk

e  Students observe in et al., 2022).
order to investigate e  Cultivating a spirit of
(Dekker & Walsarie enquiry (Reyk et al., 2022).
Wolff, 2016). o New fields of knowledge are

e Use of cutting-edge created.

technologies (Dekker &
Walsarie Wolff, 2016).
¢ Finding information on
the internet and
analyzing and
summarizing it
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(Meirbekov et al.,
2022).

Problem-Based Learning

Problem-based learning is primarily designed to divide students into
groups that are assigned to solve a real-life problem (Keiler, 2018), which serves
as the starting point for learning (Heystek, 2021; Goodwin, 2024). The groups that
are formed should consist of a small number of students (Pozuelo-Mufioz et al.,
2023).

First, the teacher presents the problem to be solved to the class (Asghar et
al., 2012). The problem must be structured in such a way that questions are asked
whose answers will lead to the acquisition of new knowledge (Aidoo, 2023)
(Pozuelo-Mufioz et al., 2023). The next step is to create a list of what they know
(data collection) (Heystek, 2021) about the problem and what they need to do to
solve it (Asghar et al., 2012).

TABLE 3 shows the characteristics, the role of the teacher, and the
educational goals achieved when using problem-based learning.

This method must be integrated into the curriculum for it to be applied,
and the complexity of the selected problem depends on the students' cognitive level
and age. Previous experience is also a key factor (Oon-Seng, 2023). The
curriculum should facilitate the use of new technologies, giving students access to
information beyond that provided by the teacher (Aidoo, 2023).

90



16

‘(6102

e 39 1) Sunury) udrsap Jo judwdo[oAdg
(0707 “'Te 10 uBYO{) UIBI[ 0} MOY UIBY]
(2107 “Te 19 Iey3sy) Aysorno Junenuns
"(€20T “'[e 10 ZOUNN-0[oNZ0{)

(€£20T “00p1y) S[IIS Yo1easar Sutnboy
‘(6107 erreys 2 enoIS ‘€70T
‘znpunn) Auqiqeidepe (zzog ‘[oyorey

22 NV) ‘(120T “PIsAoH) Surured] Suofoyi|
‘(0202 ‘yaresIv) (020t “moyen 2 Imoyen)
“(810T ‘11193 (€207 Znpunn) (€20

‘erf 29 Suep) “(120T “A1193 29 UOMO[[H)
‘(020T ‘yares1v) “(810¢ ‘113 "(€20T
‘erf 29 Suep) (Zz0T ‘e1e1d) (120T Al
29 uokd[d) “ (0TOT ‘Uores[v) (020¢

“[& 19 udpuez 19p ueA) ‘(1707 “PISAH)
“(TT0T “'Te 30 AOYRQIISIA) (£20T 00P1Y)
Sunjuryy [N (0ZOT ‘YOO 29 ASeT)
KIADRAIO (/00T ‘SUO[) UONBITUNTITIOD
‘(¢20T ‘Znpuno £00g ‘sduof

*€70T “Budg-U0Q) UOKLIOqR[[0d) (€207
‘Fuag-uo() SIS Axmuad 3s1g Surnnboy

(70T ‘Wmpoon)

(12707 ¥sKoH) (10T

“Te 10 Iey3sy) (€20T “1e 10
ZoUnIN-0[anzod) (€207 ‘00pTY)
suonnjos spew-Apear surpraoxd

oYM ‘AIBSSO0IU dIdYM
SJUOPNYS 01 JUAWIFLINOJUD
pue uoddns sopraory e
(zzoT
‘Ioyorey 2 V) sodeinoouq e
(TT0T ‘1oyorey % V) sHoddng e
(1zoT
S13sAoH) (T10T “18 30 1eY3sY)
*(Z20T ‘PYorey @ V) M e
S9JBUIPIOO) e

ur (120T “IsA9H) (070T “Te 10
ueyo(d ‘€707 ‘SUoS-uoQ) paren[ead
pue [LT ‘8%] “(0T0T “Te 10 ueyod
$€707 ‘SU9S-U0()) SOINOS JUIIOPIP
WOIJ punoj aq jsnut UOIJeULIOJU]
‘(#10Z “Te 10 sounoesiey {7107 ‘T8
10 1ey3sy) xo1dwoo are swojqoxd
KBPAIdAD SB ‘SPIOLJ JUAIJJIP

WOIJ 9FPI[MOUY JO SISOYIUAS
(€20t

‘3U0S-U0()) POIOAIIP-J[9S ST FUILIBI]
0s ‘[enba a1e sroquow WL,

(L00Z ‘souof) redrunwuiod

pUE JOBIIUL SIOQUISW W ],

"(¥102

“I& 10 sounoesiey {1707 “[PISAH)
‘(£707T ‘oopry) ssoo01d amud

o ur 9jedronaed A[oanoe sjuopmg
"(¥102

“I& 10 sounoesiey <1707 “[PISAH)
1S9IdIUL SJUIPNIS Sune[nuwins ‘1|
KepA1aAd 03 pare[ar st worqoid oy,

SINSaY

9101 S, JoY0Ba |,

SONSLIO)OBIRY) /SIUSWD[

“Suryoea) paseq-wd[qoid Sursn usym PIAJIYIL S[EOT [BUONEINDPI Y} PUB ‘IAYILI) O} JO 9[0I Y} ‘SONSLIdILIRYD Y[, € dqeL



6

"(TT0T ‘Touorey

2 11V) own Jo porrad 103u0] © 10J ATOWot
Ul pourejalr st 9gpajmouy| paanboy

((¢20T ‘oopry) doueunrojrod

OTIapEOR Sjuapmys Jo yuswaAoidury
‘($10T T8 310 sounoesiey]) wojqoid

oy} 01 UOHN[OS dAT}BAOUUI UR JO [esodoI]
(€202

‘Guag-uo()) a1qedrdde pue [erogoudq st
uonN[OS PUNOJ Y} JOYIAYM JO JUOWISSISSY
"(120T “1s£0H)

g[qeurejsns st uornjos pasodoxd oy,

"(€20T

‘oopry) ssao01d [euoneonpa o) Surnp
PaId1uNooud s3doouod I} Jo SurpueIsIOpuN
(0202

B 319 ueqo{) $oAnd3[qo Surured] SurAdIyoe
Jo sueow e st paxnboe oFpoymouy oy,
"(Tz0T

[9ISAOH ) 9ZTUS093I SOA[ISWAY) SJUIPNIS
o) YOIYM ‘93 Pa[mOouy] Mau JO UonIsmboy

"(020T ‘ydresIV

“0T0T “moyen 2 mojen 810
‘WY ‘(3107 T8 10 sounoesjey]
1270T “YIsAaH) warqoxd

9} OAJOS 0} papaau 2Fpajmouy Ay}
JIOAODSIP 0} 9[qe 9q PINOYS SIUSPNIS
(1207 “4IsKSH) ounuexd

-1 puB MIIAJI 0} 9[qe 2q PInoys
Kot ‘de3 e AJryuspr syuopms J1
‘poyomr

PUE UOIN|OS }091100 SUO UBY) 9IOW
10J Surmorre ‘popus-uado St yse} oy,
[9v] (zz0T ‘1ouorey % V) suonoe
1o 10§ 9[qIsuodsal a1e SJUSPNIS
"(0z0T

“Ie 19 ueyod €70T ‘SuaS-uo()) pIrea
PUB [NJosn SI Jeym UTR)DI 0} I9PIO




Project-based Learning

This method also places students at the center and has been linked to the
development of critical thinking and success in STEM class projects (Keiler,
2018). As Zavlanos reports, this method was originally developed by Dewey, and
subsequently by Kilpatrick. Initially, the emphasis was on students gaining real-
life experience. It was then linked to the active and enthusiastic participation of
students throughout the process (Zavlanos, 2003). This method is worth analyzing
as it contributes to students acquiring 21st-century skills (Zulyusri et al., 2023).

The project method initially presents a stimulus for action to those
involved, after which a proposal for action is formulated (Baiana). This can begin
with a question to guide students on how to act (Goodwin, 2024) . The next step is
to finalize the decision. Team members then plan how they will proceed (Baiana),
set timetables and deadlines (Zulyusri et al., 2023), and allocate responsibilities
(Alt & Raichel, 2022). During implementation, students receive feedback at
intervals (Alt & Raichel, 2022), while the use of technology and other tools is
required (Goodwin, 2024). Students must also be able to argue in favor of the
method they have chosen (Zulyusri et al., 2023). The presentation of the results
achieved by the team marks the completion of the process (Alt & Raichel, 2022).
At the end of the process, the team presents its results and conclusions to the whole
class or community (Goodwin, 2024). The entire process usually takes weeks or
even months and includes more than one topic (Goodwin, 2024).

Table 4 shows the basic elements and characteristics of the method, as well
as the teacher's role and the results of its use.

Desing Thinking

Design thinking is a teaching method belonging to constructivism that is based on
interdisciplinarity and collaborative learning (Seevaratnam et al., 2023). Rather
than focusing on the final product, it refers to the mental process that an individual
follows to complete the assigned task (Razali et al., 2022). It is considered an
appropriate method for solving ill-defined and indescribable problems (Koh et al.,
2015) (Razali et al., 2022). This is because the outcome of design thinking can be
adapted to a constantly changing environment (Koh et al., 2015).

Table 5 shows the elements and characteristics of this pedagogical method, as well
as the role of the teacher and the results.
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Brainstorming

Brainstorming is another widespread educational method that places the
student at the center of the educational process and can contribute to the
development of the required skills (Dogan & Batdi, 2021). In this method, students
are asked to freely express their thoughts on an issue or solution to a problem
without any restrictions (Page, 2021), (Dogan & Batdi, 2021). The teacher records
these ideas without making any corrections, comments (Page, 2021) or
comparisons (Dogan & Batdi, 2021). During the process, so many ideas are
recorded that some of them are rejected by the students themselves. The remaining
ideas will be discussed in the plenary session of the class (Dogan & Batdi, 2021).
At this stage, the teacher acts as a guide (Dogan & Batdi, 2021), while the students
carry out the final evaluation. Meaningful interaction between the students is a
prerequisite for the success of this stage (Ghavifekr, 2020).

Table 6 shows the characteristics, elements and role of the teacher when
using brainstorming in the classroom, as well as the results.

Cooperative Learning

Most of the methods mentioned above belong to the cooperative learning category,
as they require students to work together in groups to achieve the desired goals.
This method is considered so beneficial that it is included among the ways to
improve national education (Ghavifekr, 2020). Students work in groups and must
cooperate with each other, as well as cope with the social challenge of listening to
different perspectives on an issue and arguing in favor of their own views in
relation to someone else's (Goodwin, 2024). Groups should have the following
characteristics:

* Small

* Structured

* Diverse (Zhou & Colomer, 2024).

* Promote the strengths of each member (Goodwin, 2024).

Table 7 shows the elements and characteristics of collaborative learning, as well
as the role of the teacher and the results.
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The Six Thinking Hats

The Six Thinking Hats is a pedagogical method that enables students to
consider a specific topic from different perspectives. Proposed by Edward De
Bono in the 1980s (GAYirsoy & A—zcan, 2022; Elbilgahy & Alanazi, 2025), it is
based on the assumption that thinking is the most advanced process the human
organism can perform (GArsoy & A—zcan, 2022; Dahlia et al., 2024).

In this educational method, either six actual or imaginary hats are present
in the classroom. Each hat is a different color, symbolizing a different way of
thinking. More specifically:

e The white hat represents objective thinking, based mainly on facts and
figures.

o It relates to the information we already have, the information
needed to solve the problem, what information is missing and how
it will be found.

e The red hat represents emotions such as anger and rage, and is intended to
allow the student wearing it to express their feelings.

o Here, students express their opinions and impressions. At this
stage, there is no requirement to document what is expressed.

e The black hat represents caution. The student wearing it looks for
weaknesses and gaps in the ideas that have already been expressed.

o Problems and difficulties are identified until a solution is found.
Errors and omissions made in previous stages of thinking are
identified.

e The yellow hat represents positive thinking and emotions such as
optimism.

o The student wearing the yellow hat focuses on the benefits.

e The green hat signifies creativity and the expression of new ideas.

o Students wearing the green hat tend to go beyond what they
already know and apply new ideas.

e The blue hat is related to the organization of thought and controlling what
has been said by the other hats.

o Everything recorded while students were wearing the other hats is
summarized so the student wearing the blue hat can draw
conclusions and ensure the rules are followed during the process
(DeBono, 2006; Elbilgahy & Alanazi, 2025).

The students are then divided into groups. Each group wears a different
hat, then switches hats, with each group recording their thoughts (Dahlia et al.,
2024). The hats can be used individually when a very specific way of thinking is
required, or sequentially, one after the other, when a topic needs to be explored
from many different perspectives (DeBono, 2006). When applying the method in
an educational setting, teachers refer to the hats by their color rather than their
function because it is easier to instruct students to remove the yellow hat than to
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stop them from thinking positively (DeBono, 2006). The teacher asks questions
relating to the color of the hat worn by the student and the content must be specific
(Dahlia et al., 2024). Finally, each group presents their thoughts and conclusions
to the whole class, providing an opportunity to discuss everything that has been
said (Dahlia et al., 2024).

Table 8 shows the elements, characteristics, role of the teacher and results
of using the method.

Flipped classroom

The flipped classroom is a pedagogical method based on active learning
(Heystek, 2021) and the principles of constructivist learning models (Egara &
Mosimege, Effect of flipped classroom learning approach on mathematics
achievement and interest among secondary school students., 2024). First
implemented in higher education in 1990 (Kilipiris et al., 2024), it subsequently
gained ground in secondary education (Galindo-Dominguez, 2021; Olmefors &
Scheffel, 2021). Technological progress has aided the establishment of the flipped
classroom by providing students and teachers with the necessary tools to
implement it (Egara & Mosimege, Effect of flipped classroom learning approach
on mathematics achievement and interest among secondary school students.,
2024).

When this method is employed, processes that would traditionally take
place in the classroom are now carried out at home. Traditionally, the teacher
delivers the theory and the students carry out the activities at home. In the flipped
classroom, the opposite happens, with the most interesting stage of the activities
taking place in the classroom (Galindo-Dominguez, 2021; Egara & Mosimege,
Effect of flipped classroom learning approach on mathematics achievement and
interest among secondary school students., 2024). Students therefore watch their
teacher's lectures, which are recorded at home (Heystek, 2021; Nielsen, 2023;
Egara & Mosimege, Effect of flipped classroom learning approach on mathematics
achievement and interest among secondary school students., 2024). They can use
websites, social media, YouTube videos and educational games (Egara &
Mosimege, Effect of flipped classroom learning approach on mathematics
achievement and interest among secondary school students., 2024). In the
classroom, active teaching methods such as discussions, exercises and group work
can be used (Heystek, 2021; Nielsen, 2023). It should be noted that the difference
relates to lesson preparation rather than the way lessons are taught (Galindo-
Dominguez, 2021). Furthermore, the intention is not to replace the role of the
teacher, but rather to enable closer contact with students while they are in class
(Egara & Mosimege, Effect of flipped classroom learning approach on
mathematics achievement and interest among secondary school students., 2024).
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The phases of flipped classroom teaching can be divided into two components:

e The asynchronous phase: during this process, students watch video

lectures or work on material provided by the teacher. Students then engage

with the specific issue in class after spending time processing the material.

e The synchronous phase involves all activities taking place in the classroom

with the teacher's help. Students are actively involved in group work,

discussions, etc (Kilipiris et al., 2024).

In this way, students acquire knowledge with the support of technology in the
first stage, while consolidation takes place with the support of the teacher and the
whole class in the second stage (Kilipiris et al., 2024). The preparatory material
may include assignments to help students perform better in class (Olmefors &
Scheffel, 2021). It is recommended that students work in groups to complete this
process (Nielsen, 2023).

Table 9 shows the data, characteristics, teacher role and results of using this
method.

Due to the lack of documented scientific evidence, the flipped classroom
is proposed as a pedagogical tool for specific cases throughout the year, rather than
as an approach to be applied across the entire curriculum (Olmefors & Scheffel,
2021).
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Differentiated Teaching

Another new educational approach is differentiated teaching, also known
as the differentiation classroom. This approach is a result of the global goal to
achieve Education for All without exclusions (Eikeland & Ohna, 2022; Lindner &
Schwab, 2020) . Carol Ann Tomlinson is considered the founder of this teaching
method (Kuhr, 2023). Its ultimate goal is to ensure that students with different
needs receive an appropriate education (Lindner & Schwab, 2020). Undoubtedly,
modern classrooms comprise students who differ in characteristics such as
cognitive level, cultural background, religion (Tomlinson & Strickland, 2005) and
disability (Lindner & Schwab, 2020). This is mainly due to the fact that most
classes are divided based on age (Tomlinson & Strickland, 2005). In such a diverse
classroom, all students are called upon to acquire new knowledge together and reap
the benefits of education (Eikeland & Ohna, 2022).

Given these conditions, differentiated teaching is required (Altangerel et
al., 2022; Eikeland & Ohna, 2022; Kuhr, 2023), as it responds to the different
learning needs (Eikeland & Ohna, 2022; Kuhr, 2023), characteristics and levels of
readiness of students (Kuhr, 2023). This approach puts the students' skills, interests
and prior knowledge at the center, increasing their motivation to learn (Altangerel
et al., 2022). The ultimate goal of the process is to help students achieve their
maximum potential through a wide range of learning goals (Eikeland & Ohna,
2022) and their fulfilment (Lindner & Schwab, 2020).

Differentiation in the educational process implies the teaching approach that
the teacher will follow in a heterogeneous classroom (Eikeland & Ohna, 2022).
According to Dr. Tomlinson, there are three levels of differentiation in teaching
(Kuhr, 2023):

e  First level: readiness

o It is related to the students' prior knowledge. Investigating
previous knowledge in a class characterized by heterogeneity
presents several difficulties.

e Second level: interest

o Atthis level, the teacher gives students the opportunity to work on
any part of the lesson they wish. Due to the internal motivation
developed, they have a greater chance of success.

o Third level: learning profile.

o At this stage, the teacher is asked to investigate how the students
in their class learn. This is mostly influenced by the students'
cultural background.

Table 10 shows the elements, characteristics, role of the teacher and results
of using the method
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RESULTS
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 et al., 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:

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

*  The time required for the lesson itself

» 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 et al., 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 11) 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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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 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 allocating
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 among students regarding their access to technological resources.

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 allowing students to select the solution
they consider most appropriate. It is therefore recommended that the teacher
should have explored possible solutions themselves, while also clearly expressing
the problem and objectives. 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, they must undergo thorough preparation before the lesson.
The time required for implementation within the classroom context depends on the
method selected. The utilisation of novel technologies is essential for the retrieval
of requisite information.

In the pedagogical method of design thinking, the problem must be 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 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, 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,
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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
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. The questions must 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 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 school. 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 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
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Project-based learning
Collaborative learning
The six thinking hats
The inverted classroom
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 Design thinking

The methods that require comparatively less time to implement in the

classroom are as follows:

e Teaching based on research
Problem-based learning
Brainstorming
Inverted classroom
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 that 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 option.
During the students’ involvement in a scenario-based problem-solving activity, it
was observed that students initially sought information from social networks, as
they are familiar with using them (Pozuelo-Mufioz, Calvo-Zueco, Sanchez-
Sanchez, & Zucco, 2023). It is evident that students should become able to
distinguish between valid and invalid sources before starting to apply any method.

DISCUSSION AND CONCLUSIONS

In the context of the 21st-century student-cantered school, selecting an appropriate
educational method is a crucial element in achieving learning objectives. Educators
are confronted with a plethora of academic methods, the selection of which is
contingent upon several factors, including the time available for lesson
preparation, the time allocated 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
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were categorised in order to facilitate the selection of an appropriate approach by
teachers.

Research-based teaching, 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.

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.

IMPLICATIONS

The present study makes a significant contribution to the implementation of
appropriate teaching methods by teachers. It is important to acknowledge that
educators are uniquely positioned to consider the conditions that prevail in their
classrooms, as well as the time available to them, their students, and the
curriculum. The findings of this research provide a substantial contribution to the
selection of the most suitable teaching method, with the objective of optimizing
the respective educational goals.
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