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ABSTRACT

Introduction: 21t century skills such as critical thinking, creativity, communication, collaboration (4Cs),
and learning independence are essential competencies that learners must have to face the challenges of
the global era that are important to integrate with technology. However, in many schools, these skills are
still low, largely due to the dominance of teacher-centred learning methods and the lack of optimal use of
technology.

Objective: to analyse the effect of SaLDI Biology learning model integrated with TPACK on students’ critical
thinking skills, creativity, communication, collaboration, and learning independence.

Method: this research is a quasi-experiment with post-test control group design. The population was class
Xl students of SMAN 14 Makassar. A random sample of 64 students was divided into experimental and control
groups. Instruments included a description test and observation sheet. Data analysis used MANOVA test to
measure differences in 4C skills and learning independence between groups.

Results: the research results of this study are the SalLDI Biology learning model integrated with TPACK can
improve critical and creative thinking skills, communication, collaboration and learning independence. The
sig evidences this value <0,05.

Conclusions: the implementation of the TPACK-integrated SaLDI Biology learning model can improve critical
thinking skills, creativity, communication, collaboration, and learning independence. These findings indicate
that the model is an innovative strategy to develop 21 century skills (4C).

Keywords: High School Students; Learning Independence; SaLDI Biology Learning Model; TPACK; 215t Century
Skills (4C).

RESUMEN

Introduccion: las competencias del siglo XXI, como el pensamiento critico, la creatividad, la comunicacion,
la colaboracion (4C) y la autonomia en el aprendizaje, son esenciales para que los estudiantes enfrenten
los desafios de la era global, y su integracion con la tecnologia es fundamental. Sin embargo, en muchas
escuelas, estas habilidades siguen siendo bajas, en gran parte debido al predominio de métodos de ensenanza
centrados en el docente y a la falta de un uso optimo de la tecnologia.

Objetivo: analizar el efecto del modelo de aprendizaje de Biologia SalLDI integrado con TPACK sobre las
habilidades de pensamiento critico, creatividad, comunicacion, colaboracion y autonomia en el aprendizaje
de los estudiantes.

Método: esta investigacion es un experimento con disefio de grupo control con post-test. La poblacion
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estuvo compuesta por estudiantes de undécimo grado de SMAN 14 Makassar. Se seleccion6 aleatoriamente una
muestra de 64 estudiantes, divididos en grupos experimental y de control. Los instrumentos incluyeron una
prueba descriptiva y una hoja de observacion. El analisis de datos se realizé mediante la prueba MANOVA para
medir las diferencias en las habilidades 4C y la autonomia en el aprendizaje entre los grupos.

Resultados: los resultados muestran que el modelo de aprendizaje de Biologia SaLDI integrado con TPACK
puede mejorar las habilidades de pensamiento critico y creativo, la comunicacion, la colaboracion y la
autonomia en el aprendizaje. El valor de significancia fue <0,05, lo que evidencia diferencias estadisticamente
significativas.

Conclusiones: la implementacion del modelo de aprendizaje de Biologia SalLDI integrado con TPACK puede
mejorar las habilidades de pensamiento critico, creatividad, comunicacion, colaboracion y autonomia en el
aprendizaje. Estos hallazgos indican que este modelo constituye una estrategia innovadora para desarrollar
las competencias del siglo XXI (4C).

Palabras clave: Estudiantes de Educacion Secundaria; Autonomia en el Aprendizaje; Modelo de Aprendizaje
de Biologia Saldi; TPACK; Competencias del Siglo XXI (4C).

INTRODUCTION

The era characterised by the integration of technology in almost all aspects of life, including education,
the skills of critical thinking, creativity, communication and collaboration (4Cs) have become very important.
However, many students have not mastered these skills optimally to face the rapidly evolving global challenges.
1234 Critical thinking skills help students in analysing an event to make the right decision, creative skills can
encourage students in making innovative solutions to the obstacles faced.®® Communication skills can be a
means of expressing ideas, data information, opinions and messages effectively, ”while collaboration can train
students’ ability to build a social spirit in the 21st century.®®

Students are emphasized to be independent and responsible for their learning.%' Various skills need to
be done to support students to learn independently. Students can adapt to changes that occur very quickly.
Therefore, teachers need to facilitate learning and provide guidance that can optimize the skills that can be
needed. This can provide encouragement for students to learn independence. (>3 Learning independence can
be optimised through the use of innovative learning models.*'19 In addition, learning independence can be
improved through teaching materials."7:'® The integration of 4C skills and learning independence can enable
students to prepare themselves in holistic ways to face the challenges of the times, which can be developed
through learning at school.

There are problems experienced by students in learning Biology in the classroom regarding low 4C skills.
Based on the results of previous research, it is revealed that students’ 4C skills are still categorised low
and need to be optimized.®?% Teachers still have a low ability to provide 4C skills learning experiences for
students.®) The problem may stem from teacher-centered learning methods students.?>?® Educational trends
emphasise learning independence, where teachers guide and students manage their learning abilities. However,
the dominance of lectures makes students passive and lacks exploration. Optimising the 4Cs and learning
independence requires innovative technology-based models that demand active student engagement without
neglecting basic skills.®

The SaLDI Biology learning model integrated with TPACK is an innovation that optimises critical, creative,
collaborative, communicative thinking skills (4C) and learning independence. The first stage, stimulation,
triggers curiosity through interactive activities and contextual phenomena, increasing motivation and critical
and creative thinking skills. 2% Second, learning community, emphasises collaboration, idea sharing and mutual
support to practice cooperation and communication.?2¢2) Third, discovery, encourages concept exploration,
data collection, experimentation, and independent learning.®® Fourth, inferring, trains logical inference,
synthesis of knowledge, and application of findings to new situations, while strengthening creativity and critical
thinking.®

The TPACK framework in the SalLDI Biology learning model was born out of the need for harmonised
integration of technology, pedagogy and content to strengthen student learning. Its development encourages
teachers to incorporate technology in teaching practice appropriately, so that the quality of materials and
pedagogical strategies support each other.¢"3233 Effective use of technology, such as visualisations, interactive
simulations and collaboration tools, is proven to help students understand complex biological concepts. 43536
This integration makes the SaLDI Biology model potentially enhancing the learning experience through the
utilisation of relevant and contextual technologies.":3®

The superiority of the SaLDI Biology learning model integrated with TPACK is seen in its ability to encourage
student collaboration through the saldi.id technology platform. Features such as discussion forums, wikis,
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online chats and shared documents are tools that strengthen the learning environment, while developing
effective communication and collaboration skills.®** The Saldi.id platform can contain learning activities
that include assignments containing case studies and making practicum reports. It can hone student’s critical
and creative abilities in schools.“'2 The Saldi.id platform also contains class management, teachers and
students. Therefore, it can help teachers organize classes including, determining topics, assignments, and
exercises, creating groups, absences, learning resources, and real-time assessments.“-*) The TPACK-integrated
SaLDI Biology learning model uses blended learning supported by platforms such as saldi.id. Student learning
independence can be effectively optimized through online and offline learning.“:4) Integration of technology
in the SaLDI Biology learning model significantly helps students have an optimal impact on the 4C skills and
encourages learning independence.

The novelty of this research lies in the first application of the SaLDI Biology learning model integrated
with the TPACK framework. This integration proved effective in encouraging critical thinking, creativity,
collaboration and communication skills, while facilitating concept discovery through the TPACK approach.
This research also enhanced the utilisation of technology in Biology learning, differing from most previous
studies that only examined TPACK or other learning models separately. This combined approach offers a holistic
perspective, enabling material mastery, learning implementation and technology mastery to align with 21st
century skills. In addition, this study examines the 4C skills simultaneously in one learning model, providing
a comprehensive picture of how students collaborate, communicate, and think critically and creatively with
technology support. Another novelty is the exploration of aspects of learning independence facilitated by the
saldi.id platform, which allows students to set the pace of learning and develop independent learning skills.
This study aims to analyse the effect of the SalLDI Biology learning model integrated with TPACK on critical
thinking, creative, communication, collaboration, and learning independence skills of high school students. The
findings are relevant as a consideration for education policy makers to improve the quality of learning.

METHOD
Research type

This study used a quasi-experimental design with post-test control group type. The experimental class
was given the SalLDI Biology learning model integrated with TPACK, while the control class used the STAD
learning model. After the learning process was completed, a final exam (post-test) was given to both groups
to identify differences in students’ critical thinking, creative thinking, communication, collaboration, and
learning independence skills.

Population and sample

The population of this study included all students of class XI of SMAN 14 Makassar in Indonesia. The research
sample consisted of two randomly selected XI classes. The total sample size was 64 students, divided into 32
students in the experimental group and 32 in the control group. (Y5).

Variable

The variables in this study consisted of independent variables and dependent variables. The independent
variables include the TPACK-integrated SalLDI Biology learning model (X1) and the Student Teams Achievement
Divisions (STAD) type cooperative learning model (X2). The TPACK-integrated SalLDI Biology learning model
is defined as a biology learning model that combines scientific, learning community, discovery, digital,
constructivistic approaches, with the TPACK framework to optimise technology-based learning processes,
pedagogy, and content in an integrated manner. Meanwhile, the STAD model is a form of cooperative learning
that emphasises cooperation in heterogeneous small groups, where students collaborate to understand the
material, help each other complete tasks, and get group awards based on increased individual achievement.

The dependent variables of this study include five 215t century competencies, namely critical thinking (Y1) as
the ability to analyse, evaluate and conclude information, creative thinking (Y2) as the ability to generate ideas,
solutions and innovations, communication (Y3) as the skill to convey ideas orally and in writing, collaboration
(Y4) as the ability to work together and share responsibilities, and learning independence (Y5) as the capacity
to manage the learning process. Both learning models are positioned to influence these five aspects.

Instruments

The research instruments were designed to measure five 21t century competencies, namely critical thinking,
creative thinking, communication, collaboration, and learning independence. All instruments were developed
by referring to relevant theories, then validated by experts before being used in data collection. Critical
thinking skills were measured through an essay test consisting of six items based on the FRISCO model (focus,
reason, inference, situation, clarity, overview).“ The test was intended to assess students’ skills in analysing
information, constructing logical arguments, and drawing conclusions. Validation was conducted through expert
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judgement by two experts, who provided input for improvement before the instrument was declared feasible.
The application of the instrument was conducted in the form of a written exam, and students’ answers were
scored using a rubric with a score range of 1-10 for each indicator.

The creative thinking instrument is an essay test with four questions that reflect indicators of fluency,
flexibility, originality and elaboration.“® The instrument was designed to assess students’ ability to generate
new ideas, alternative solutions, and innovations related to biology learning. Content, construct, and readability
validity were checked by two experts, and the answers were scored using a creativity rubric. Students’
communication skills were measured using an observation sheet containing four statements regarding oral
communication, receptive communication, clarity of delivery, and understanding the purpose of communication.
“) The instrument was validated by two experts and used by an independent observer on a scale of 1-10.

Furthermore, collaboration skills were measured by an observation sheet containing eight indicators,
including active participation, openness, support for group members, constructive evaluation of contributions,
sharing resources, and respect for differences.®® The instrument was validated by two experts and implemented
through observation on a scale of 1-10. Finally, learning independence was measured by a questionnaire
containing 49 statements covering aspects of planning, implementation, and evaluation.“) The instrument
was validated by two experts and implemented in the form of a questionnaire on a Likert scale of 1-5, with
interpretation based on the average score reflecting the level of student learning independence.

Data collection and processing

Data collection was carried out after the treatment using a post-test to measure student learning outcomes
in five aspects, namely critical thinking, creative thinking, communication, collaboration, and learning
independence. The test and non-test instruments used have gone through validity and reliability tests to ensure
the accuracy of the measurement results. The data obtained were then processed through several stages of
statistical analysis.

The first stage is the analysis prerequisite test, which includes a normality test to determine whether the
data distribution is close to normal, as well as a homogeneity test to ensure the similarity of variances between
groups. Normality test was conducted using Kolmogorov-Smirnov or Shapiro-Wilk test, while homogeneity test
was conducted using Levene’s Test. Data that met the assumptions of normality and homogeneity were then
analysed further.

The second stage is hypothesis testing, analysing differences in critical thinking skills, creativity,
communication, collaboration, and learning independence between groups of students who follow the TPACK-
based SaLDI Biology learning model and groups who follow the STAD model using independent sample t-test
with the help of SPSS 24 for Windows software. HO: There is no significant difference in critical thinking skills,
creativity, communication, collaboration, and learning independence between the group following the TPACK-
based SaLDI Biology model and the group following the STAD model. H1: There is a significant difference in
critical thinking skills, creative thinking, communication, collaboration, and learning independence between
groups that follow the TPACK-based SaLDI Biology model and groups that follow the STAD model. The basis for
decision making is if the significance value (2-tailed) < 0,05, then HO is rejected and H1 is accepted; otherwise
if the significance value (2-tailed) > 0,05 then HO is accepted and H1 is rejected.®"

Selain uji-t, penelitian ini juga menggunakan analisis multivariat untuk mengetahui kontribusi masing-masing
aspek hasil belajar. Analisis dilakukan dengan memperhatikan nilai Pillai’s Trace, Wilks’ Lambda, Hotelling’s
Trace, dan Roy’s Largest Root. Nilai Pillai’s Trace yang tinggi menunjukkan kontribusi yang lebih besar dari
variabel bebas terhadap model. Wilks’ Lambda bernilai antara 0 hingga 1; semakin kecil nilainya, semakin besar
pengaruh variabel bebas. Hotelling’s Trace yang semakin meningkat menunjukkan adanya kontribusi signifikan,
sedangkan Roy’s Largest Root menunjukkan hubungan paling kuat antara variabel bebas dengan variabel
terikat. Analisis ini memperkuat hasil uji-t dengan memberikan gambaran menyeluruh tentang signifikansi
model pembelajaran terhadap kelima aspek hasil belajar mahasiswa.

Ethical standards

This study was conducted in accordance with the ethical standards of educational research. All participants
were explained the purpose of the study, their rights and obligations, and data confidentiality was guaranteed.
Informed consent was obtained from the participants, while the interactions during the study were conducted
by upholding the principles of professionalism and fairness.

RESULTS
Critical, creative, communication, collaboration, and student learning independence

The following are the study’s results, based on descriptive analysis of on critical thinking, creativity,
communication, collaboration, learning independence frequency distribution, normality test, homogeneity test
and hypothesis testing.
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Table 1 shows that the experimental class obtained higher average scores on all aspects of 4C skills and
learning independence than the control class. The biggest difference was seen in creative thinking (17,75
points) and critical thinking (16,72 points), followed by learning independence (15,69 points). These results
confirm that the TPACK-integrated SalLDI Biology learning model is more effective in improving students’ higher
order thinking skills and learning independence than the STAD-type cooperative learning model.

Table 1. Descriptive statistics of students’ critical thinking, creative thinking, communication, collaboration,
and learning independence in experimental and control classes

Critical thinking Creative thinking Communication Collaboration Independence

Statistics

1 2 1 2 1 2 1 2 1 2
Total Sample 32 32 32 32 32 32 32 32 32 32
Average 84,44 67,72 83,81 66,06 83,00 68,59 81,09 69,34 85,03 69,34
Maximum 92 86 91 78,00 91,00 80,00 88,00 81,00 90,00 80,00
Minimum 80 55 78 56,00 75,00 58,00 76,00 58,00 78,00 58,00

Std. Deviation 3,28 8,56 3,63 5,58 3,92 5,60 3,12 5,69 3,69 6,09

Description:
1: Experiment Class (SaLDI Biology Learning Model integrated with TPACK)
2: Control Class (STAD-type Cooperative Learning Model)

The post-test results showed a clear difference between the experimental and control classes. Students
in the experimental class were generally in the Good category for all 4C skills and learning independence,
indicating the effectiveness of the learning model applied. In contrast, students in the control class were
mostly only in the Fair category, so their skill achievement was relatively lower. The complete frequency and
percentage distribution is presented in table 2 below.

Table 2. The following is a table of frequency distribution and percentage of critical thinking, creative
thinking, communication, collaboration, and student learning independence in experimental and control classes

Critical thinking Creative thinking Communication Collaboration Independence

Statistics 1 2 1 2 1 2 1 2 1 2
F % F % F % F % F % F % F % F % F % F %
Very Good
e 1 30 0 1 3 0 02 6 0 0 0 0 00 0 0 0 O
Good
31 97 7 22 3 97 2 6 29 91 5 16 32 100 4 13 32 100 7 22
76 < X <90
gty 0 0 18 5 0 0 23 72 1 3 24 75 0 0 26 8 0 0 21 66
61 <X<75
Less 0 0 72 0 0 7 22 0 0 3 9 0 0 2 6 0 0 4 13
41 <X <60
Very Less 00 000 0O 0O 0 0 0O 0O 0 000 0 0 0
X < 40
Description:

1: Experiment Class (SaLDI Biology Learning Model integrated with TPACK)
2: Control Class (STAD-type Cooperative Learning Model)

Normality Test

The Kolmogorov-Smirnov normality test showed that all data had significance values greater than 0,05,
so the distribution of scores was normal. In addition, Levene’s test and Box’s covariance matrix equality test
also showed significance values above 0,05. Thus, the research data fulfils the assumption of homogeneity. The
results of the normality test are shown in table 3.

Hypothesis Test

The MANOVA test conducted showed a significant difference in 4C skills and learning independence
simultaneously between students who took part in learning with the TPACK-integrated SalLDI Biology Model and
students taught using the STAD type cooperative model. The test results through Pillai’s Trace, Wilks’ Lambda,
Hotelling’s Trace, and Roy’s Largest Root all show significance values below 0,05. Meanwhile, the Partial Eta
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Squared value of 0,890 indicates that the treatment contributes 89 % to the variance of 4C skills and learning
independence. Details of the test results are presented in table 4.

Description:
1: Experiment Class (SaLDI Biology Learning Model integrated with TPACK)
2: Control Class (STAD-type Cooperative Learning Model)

The Tests of Between-Subject Effects test results show that the SalLDI Biology learning model integrated
with TPACK has a significant effect on 4C skills and student learning independence. All significance values
are below 0,05, which indicates a real influence on each variable. The Partial Eta Squared value also shows
a strong contribution, with variation in explanation ranging from 62 % to 79 %. This finding confirms that the
TPACK-integrated SaLDI model is able to partially improve critical thinking skills, creativity, communication,
collaboration, and learning independence. Details of the test results are shown in table 5.
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The results of the analysis showed that the application of the TPACK-integrated SalLDI Biology Learning
Model was significantly more effective than the STAD-type cooperative model in improving 4C skills and
learning independence. Significance value smaller than 0,05 for all skills, with a considerable contribution of
variation as shown by the Partial Eta Squared value. This confirms that the SaLDI model is able to have a real
influence on improving students’ critical thinking skills, creativity, communication, collaboration, and learning

independence. Details of the analysis results are presented in table 6.

Description:
1: Experiment Class (SaLDI Biology Learning Model integrated with TPACK)
2: Control Class (STAD-type Cooperative Learning Model)
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DISCUSSION

The application of the SaLDI Biology learning model combined with TPACK principles has been proven to
improve 4C skills and student learning independence.®”*) This finding is in line with previous research that
confirms that discovery-based learning and collaboration encourage students’ critical thinking skills, creativity,
and cooperation.®3% The integration of TPACK in this model also supports the creation of an interactive
and meaningful learning atmosphere, as reported by other studies highlighting the role of technology in
strengthening students’ active participation.®"3? Therefore, the results of this study corroborate the theoretical
assumption in the introduction that the combination of pedagogical strategies with technology is relevant to
equip students to face the challenges of the 215t century.?39 The characteristics of SaLDI involving simulation,
learning community, discovery, and inferring provide contextual learning experiences so that students not
only understand biological concepts in depth, but are also accustomed to solving problems and managing
independent learning. 252630

Critical thinking skills help students analyse, evaluate and solve problems with precision. %5 The results
showed that students in the experimental class experienced a higher increase in critical thinking indicators,
especially analysis and evaluation, compared to the control class. This improvement was influenced by the
discovery stage in the TPACK-integrated SaLDI Biology learning model, which encourages students to explore
real problems and develop concepts through investigation. These activities provide hands-on experience to
analyse information and construct evidence-based arguments.® This finding is consistent with previous research
confirming that discovery learning strengthens critical thinking through problem analysis and evidence-based
reasoning.®” The integration of technology in TPACK also accelerates the analysis process by presenting a wider
range of learning resources. In addition, the teacher’s guiding questions play a role in helping students find
information, recognise patterns and draw logical conclusions, making it superior to conventional learning.

The results showed that students’ creative thinking skills in the experimental class with the SaLDI Biology
model integrated with TPACK increased significantly compared to the control class. Students are better able to
express ideas, develop alternative solutions, and actively participate in discussions. This is in accordance with
the opinion that creative skills encourage students to produce innovative solutions to learning obstacles. 452
Improvements were seen through the learning community in the model syntax, where students could share
ideas, as well as the use of worksheets that train the exploration of ideas.®%> These findings are in line with
other studies that emphasise group work, but this study is superior because TPACK integration enriches the
process with discussion forums, chat, and the saldi.id wiki. Thus, the increase in creativity is not only supported
by the learning community, but also reinforced by the TPACK integration that connects content, pedagogy, and
technology. ¢33

The results of this study confirm that the application of the SalLDI Biology Learning Model combined with
TPACK is able to optimise the development of 21st century skills, especially communication, collaboration, and
learning independence. Improved communication skills were seen at the stimulation stage, when students were
more willing to ask questions, discuss, and express arguments based on the stimulus, in accordance with the
view that communication plays an important role in conveying ideas, data, and messages.”-*-30 Collaboration
develops at the learning community stage, where students work in small groups, share information and
build positive interactions, in line with previous research findings ©2282% which emphasise the importance of
cooperation in the 21st century. Meanwhile, learning independence was evident at the inferring stage, where
students analysed information, drew conclusions, and evaluated understanding, supporting the literature that
emphasises the urgency of independent learning.%' Thus, the results, analyses, and literature consistently
show that the integration of SaLDIl and TPACK is effective in fostering students’ cognitive and social competencies.

Based on the data in table 1, the SaLDI Biology learning model integrated with TPACK is more effective than
STAD in improving critical thinking skills, creativity, communication, collaboration, and learning independence.
This advantage arises because the initial stages of the SalLDl model emphasise stimulation of contextual
problems that are able to arouse intrinsic motivation while activating students’ prior knowledge, as confirmed
by previous research that stimulation effectively supports the development of higher order thinking skills. ?52)
The learning community stage provides opportunities for students to work in heterogeneous groups, which
has been shown to develop communication, cooperation, and understanding of concepts.?” Furthermore, the
discovery stage requires students to find patterns, facts, and solutions through discovery activities. This finding
is in line with constructivism theory that emphasises inquiry as a means of developing creativity and learning
independence. ) Other studies have also confirmed that discovery-based strategies contribute significantly
to student independence.®” Thus, this study not only confirms the effectiveness of SaLDI-TPACK, but also
extends previous findings by showing that the integration of technological, pedagogical and content knowledge
supports contextualised, interactive and meaningful Biology learning. '3

Table 2 shows that the frequency distribution and percentage of critical thinking skills, creativity,
communication, collaboration, and learning independence in the experimental class are more dominant
in the good and very good categories than the control class. This advantage is confirmed by the results of
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the MANOVA test in table 4 which shows a significance of <0,05 and a Partial Eta Squared value of 0,890,
indicating a very large contribution of the SaLDI-TPACK model to the variation of 4C skills and student learning
independence. Furthermore, the Test of Between-Subjects Effects results in table 5 show that all variables
obtained a significance value <0,05 with a partial contribution of 62-79 %, which means that this model has
a real impact on each aspect of 21st century skills. This improvement can be explained by the stages of the
SaLDI model, where the initial stimulation triggers students’ motivation and prior knowledge @>% the learning
community stage trains cooperation and communication in heterogeneous groups #2629 while the discovery
stage requires students to find patterns and solutions through inquiry, in line with constructivism theory (30).
The Parameter Estimation results in table 6 also show significant mean differences, such as 16,72 points on
critical thinking and 17,75 points on creativity, 14,40 points on communication, 11,75 on collaboration, 15,68
on learning independence which confirms the effectiveness of this model compared to STAD. Overall, these
findings not only corroborate previous research on the importance of inquiry and collaboration, ("20:56.5) put also
extend it with evidence that TPACK integration makes Biology learning more contextual, interactive,®®:¢0) and
meaningful according to 21st century competency needs. 31323940

CONCLUSIONS

This research confirms that the application of the SaLDI Biology learning model integrated with TPACK is
effective in supporting the achievement of 215t century skills, especially strengthening 4C skills and increasing
students’ learning independence. The integration of the learning model with the utilisation of technology and
specific content not only provides a strategic alternative in Biology learning practices, but also enriches the
literature on learning models that are relevant to contemporary educational needs. In addition to making
theoretical contributions to the development of technology-based pedagogy studies, this research also opens
up space for practical use for teachers, lecturers, and educational practitioners in designing learning that is
more adaptive to global developments. The broader implication is the need for educational policy support that
encourages innovation in sustainable learning models so as to improve the quality of education and prepare the
younger generation to face the complexity of 215t century challenges.
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