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Abstract – The present study on systematic 
literature review aimed to identify the studies on 
secondary school teachers training in developing 21st-
century skills. Teaching skills in the recent decades 
underwent multidimensional changes and teacher 
training pertaining these changes are less visible in 
academia. Thus, present study aimed to review the 
studies on teacher training for 21st-century skills 
between 2007 and 2024. The study reviewed articles 
from Scopus, Eric, and EBSCO databases utilising 
PRISMA framework and analysed the same using JBI 
appraisal tool. The findings revealed from the finally 
obtained 31 articles that, teachers were trained on 
problem-solving, critical thinking, creativity, 
collaboration, information and technology integration 
skills using various strategies. The reviews highlighted 
the importance of developing a training to support 
skills of 21st-century based on constructivist and 
experiential theories. Further studies may focus on 
enhancing such training to a larger scale and to hold 
quality training hours.  
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1. Introduction

The noticeable advancement in technology, 
globalization, and transformation in the society is 
increasing the need to learn new skills to align 
oneself to the demands [1]. These observation 
changes in the society are addressed as concerns by 
several western organizations and industrial sectors. 
These organisations identified and renamed new 
skills with a term “21st century skills” to describe 
competencies of 21st century [2]. Partnership for 
21st-century skills is one such western organization 
that collaborated with industries and government to 
provide a comprehensive framework of 21st-century 
skills in education [3]. This framework classifies all 
skills under three categories, learning and innovation 
(4C’s) skills, information media and technology 
(ICT) skills and life and career (FLIPS) skills across 
fundamental topics and themes [4]. 

Piaget’s theory of cognitive development 
emphasized on development of abstract reasoning 
occur during the formal operational stage [5]. 
Children aged 11 and older show improved cognitive 
ability and decision-making skill using internet, 
which is one of the most essential skills for 
improving 21st-century skill [6]. Students between 
the age of 11-15 years are in their secondary school 
[7]. To instruct the students at this stage secondary 
teachers need to competitive and efficient to improve 
their abstract reasoning ability [8].  

Teachers’ effectiveness for learning and 
innovation skills focuses on 4C’s: critical thinking, 
creativity, communication and collaboration, are 
assessed for their ability to reason, analyse, evaluate 
and solve complex problems [9]. The skills of 
creativity generate innovative and original ideas 
when teachers encourage creativity [10], [11]. 
Teachers encourage collaborative skills among 
participants to enhance their respectful teamwork 
culture with shared goals [12], [13]. Effective 
articulation of thoughts and ideas in an oral, written 
or nonverbal form, communication skill is important 
for teachers for effective communication [14], [15].  
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Likewise, information, media, and technology 
(ICT) skills are useful to secondary school teachers 
to gain access to various digital resources. Teachers 
will be able to evaluate and analyze the application 
of ICT effectively, critically and comprehensively in 
teaching and learning process [16], [17].  Recent 
studies have found that, teacher training in 21st 
century digital skills have helped teachers in 
accessing, managing, integrating, evaluating, and 
creating information effectively [18], [19], [20]. 
Teachers use various digital tools like computers, 
PDAs, media players, and GPS to become 
efficacious in their instruction [21]. Life and Career 
Skills (FLIPS) equip individuals to navigate complex 
life and work environments in a globally competitive 
information age [22]. Teachers play a crucial role in 
the instruction and they need to be effective and 
efficient in their instruction of innovative 
pedagogical skills for overall quality of education 
[23], [24]. This background has emphasized the 
importance providing training on the 21st-century to 
the secondary teachers.  

 
1.1. Research Problem 

 
The systematic literature reviews have generally 

focused on professional development concerning to 
academic requirement and school improvement. 
However, there is need of understanding about the 
type of training required for the current innovative 
pedagogical requirement 21st century skill. Initial 
setup of Partnership for 21st Century Skills (P21) 
was established in 2002 and formally released its 
21st Century Skills Framework in 2007. Teaching 
skills in the recent decades have undergone 
multidimensional changes and teachers training 
pertaining to these changes are limited in the 
academic research. Although several reviews have 
made and attempt in identifying the challenges on 
instructing 21st century skill and competencies in 
teacher’s preparedness. Studies have identified 
limited infrastructure in teacher training institutes 
and lack of effective computational literacy based 
pedagogical curriculum and training modules to 
improve student teacher’s efficacy in 21st century 
skill literacy. However, limited insights on studies 
investigating on literature available on trainings 21st-
century skills for secondary teachers in systematic 
review prompted the researcher to carry on this 
systematic review. For the review the studies on 
teachers training for 21st-century skill between 2007 
to the present 2024 are chosen. The rationale for this 
review arises from the interconnected impact of 21st-
century skills on teachers’ performance, student 
achievement, and quality of nations education.  
 
 
 

1.2. Purpose 
 

This review examines the current state of 21st-
century skills training for teachers, as documented in 
empirical research from 2007 to 2024. However, the 
research questions framed for the study are:  

 

QA1: What intervention-based studies are there on 
training 21st-century skills for both pre-service 
and in-service secondary school teachers in 
the year 2007 to 2024?  

QA2: What type of findings observed from the 
literature on trainings 21st-century skill to the 
secondary school teachers? 

 
2. Methodology 

 
The aim of this section is to present the overview 

of the research design and the tools used for the 
systematic review, eligibility criteria followed for the 
selection of the articles, various search strategies and 
keywords used to get the relevant articles, and the 
screening process used to evaluate and filter the 
articles to include in the study.  

 
2.1. Research Design 

 
The present study employes systematic review 

design and four distinct methods have been used 
while doing the systematic review. Namely, (1) 
PICO Framework used to frame research questions 
[25], (2) Rayyan collaborative AI-tool for selection 
of review articles desired for the study [26], (3) 
Further updated PRISMA diagram used to document 
the inclusion and exclusion review articles to explore 
[27] and (4) researchers also used Joanna Briggs 
Institute (JBI) critical appraisal tool for quality 
appraisal of the reviews selected for the current study 
[28]. The details of which are presented below.  

 
2.2. Eligibility Criteria  

 
The authors had established a specific inclusion 

and exclusion criteria to ensure the rigorous and 
relevant selection of studies for this review. To 
include studies seven major criteria were used, the 
study needs to have the sample group of secondary 
school teachers who are focused on teaching 21st-
century skills. The articles written in English with 
full-text availability were included. In addition to that 
the study that has used an intervention or a training 
program, with a quasi-experimental or a randomized 
controlled trial design were included in the study. 
Apart from these, the articles published between 
2007 and 2024 only were considered for the study.  
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The studies were excluded if they did not focus on 
secondary school teachers (example, studies 
involving students of special education populations) 
or were presented in the form of conference 
proceedings, book chapters, systematic review 
articles, and descriptive or survey-based research. 

 
2.3. Search Strategy 

 
The study has used an electronic search strategy 

to identify relevant studies from popular three major 
educational databases: ERIC, EBSCO and SCOPUS. 
In consultation with experts of the domain, the 
researchers identified keywords like, “teachers”, 
“training”, “instruction” and “21st Century skills”. 
Boolean operators AND and OR were used to 
combine these keywords in multiple forms across the 
selected databases. For instance, in one database, a 
representative search pattern used in the ‘article title, 
abstract, and keyword’ search fields were: “21st-
century skills” AND “teacher” AND (“instruction” 
OR “training”).  

The citations meeting the eligibility criteria were 
retrieved and exported into free reference 
management tool Mendeley, for efficient 
organization and documentation [29]. Rayyan, a 
collaborative AI-based systematic review tool, was 
employed for full-text screening to facilitate the 
selection process and to ensure transparency [30]. To 
follow systematic documentation and report 
screening process, the PRISMA framework was used 
[27]. The final results are presented in different 
sections and organised according to the themes 
emerging from individual study findings.  

 
2.4. Screening Pattern 

 
This rigorous search process initially identified a 

total of 1,433 articles from prominent three major 
academic databases: Scopus (n = 218), ERIC (n = 
1,080), and EBSCO (n = 135). To ensure a 
systematic and organized review process, the articles 
were imported into Rayyan, an AI-assisted platform 
to manage and categorize systematic reviews [26]. 
During the initial screening phase, the author 
processed 1433 articles and 38 duplicate records 
were identified and removed, resulting in 1,395 
articles for further evaluation.  

A meticulous title screening was then conducted 
based on the predetermined inclusion and exclusion 
criteria. The author excluded 636 articles for 
focusing on unrelated populations (example, 
students, special education), employing non-
academic research designs, or addressing topics 
outside the study’s scope, such as gender studies and 
psychology. Additionally, the authors excluded 232 
articles based on publication type, such as conference 
proceedings, books, book chapters, theses, reports, 
and handbooks.  

After this process, 527 articles remained for 
further eligibility assessment, specifically focusing 
on teacher-oriented intervention related to 21st-
century skills. 

Furthermore, during the abstract screening, the 
authors identified 207 articles for removal that had 
not identified as relevant during title screening and 
also those studies had focused on educational levels 
outside the scope of the review, including early 
childhood, primary, higher special and vocational 
education. In addition to that the author also 
excluded 256 articles were due to different study 
design like non-experimental research designs, 
descriptive studies, survey, scale development, 
longitudinal research, evaluation studies, mixed-
method approaches, and comparative studies. 
Following this rigorous screening process, 64 articles 
remained as potential articles for full-text review.  

The researcher obtained full-text versions of the 
64 articles and meticulously evaluated their 
alignment with the predetermined inclusion criteria. 
Through this rigorous process of assessment, 33 
articles were excluded as they did not meet the 
inclusion criteria. During full-text screening these 
studies were identified as non-intervention studies, 
evaluation or qualitative studies, or focusing on 
special education or psychological constructs which 
were not found in the earlier search. Consequently, 
31 articles met all inclusion criteria and were 
incorporated into the final review. These 31 articles 
investigate the implementation of 21st-century skill 
interventions aimed at enhancing teachers’ efficacy 
in delivering instruction on 21st-century skills. 
Figure 1 gives PRISMA flow diagram with the 
details of the procedure adapted for the study.  
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Figure 1. PRISMA flow diagram 
 

Furthermore, researchers resorted to measure the 
quality assessment of the included articles using the 
Joanna Briggs Institute (JBI) analysis to assess the 
quality of the selected publications. Studies with a 
JBI assessment score above 75% were considered 
acceptable, and none of the selected studies were 
excluded based on this criterion [28].  

All these articles are checked for quality using 
JBI assessment tool and their acceptable percentage 
is given in the Table 1. 

 
 
 

 
Table 1. JBI critical appraisal tool for quality assessment 

 

Study Design JBI Critical Appraisal Tool Author, Published Year 
Quasi-experimental control group 88.9% (8/9) [55], [56], [39], [47], [57], [32], [46], 

[58], [40], [43], [41], [42] 
Quasi-experimental-single group 77.8% (7/9) [61], [37], [50], [52], [53], [49], [38], 

[31], [60], [59], [35], [54], [51], [45] 
Quasi-experimental two intervention and a 
control group 

88.9% (8/9) [34] 

Quasi experimental-three experimental group 88.9% (8/9) [48] 
Quasi-experimental control group follow-up 88.9% (8/9) [33] 
True-experimental non-equivalent group 76.9% (10/13) [44] 
True-experimental randomized control group 84.6% (11/13) [36] 
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3. Results 
 

To address the research question (1) What 
intervention-based studies are there on training 21st-
century skills for both pre-service and in-service 
secondary school teachers in the year 2007 to 2024? 
and (2) What type of findings observed from the 
literature on trainings 21st-century skill to the 
secondary school teachers? using systematic review 
PRISMA model following the results were revealed 
by the study.  

The 31 reviewed studies fall into one of the five 
subcomponents of 21st-century skills, each focusing 
on interventions or training programs designed to 
enhance these skills in school teachers. These 31 
reviewed articles identify interventions or training 
programs for 21st-century skills are identified under 
five key skills: critical thinking (11 studies), 
collaboration (2 studies), communication (3 studies), 
creativity and innovation (5 studies) and information 
and technology skills (10 studies).  

Among these 31 articles the majority originate 
from Türkiye (9 articles), followed by the United 
States (4 articles), Germany and Indonesia (3 articles 
each) and China and Saudi Arabia (2 articles each). 
Additionally, remaining articles come from Spain, 
Taiwan, Thailand, Iran, Kazakhstan, Rwanda, 
Europe, and Vietnam (1 article each). 

Subsections below explain about the studies 
found related to training for each of the skills.  

 
3.1. Studies Related to Training in Critical Thinking 

Skill 
 

An online argument mapping tool with peer and 
instructor-supported activities improved in pre-
service teachers’ critical thinking, including better 
decision-making and collaborative reasoning [31].  A 
study that used V R headsets to simulate classroom 
management and observe teaching scenarios using 
video recording revealed enhanced self-efficacy and 
critical thinking through immersive real-world 
instructional experiences [32]. Similarly, a study on 
using simulation software for teaching systems 
thinking in classroom context reveal improved 
critical thinking in pre-service teachers through 
enhanced analysis of complex systems, recognize 
interrelationships, and application of system 
modelling to real-world problems [33].  

Theoretical and practical training on critical 
thinking, along with pedagogical competence and 
systematic instruction reveal significant improvement 
in critical thinking competencies and increased 
readiness to teach critical thinking strategies to 
students [34].  

 

A structured exercises and problem-solving 
activities designed on using computational thinking 
components- decomposition, pattern recognition, 
abstraction, and algorithm design findings reveal 
enhanced problem-solving, analytical, and reflective 
thinking abilities through hands-on coding and real-
world problem analysis experiences [35]. A study on 
problem-solving and exploration activities through e-
learning platform incorporating self-paced and 
collaborative learning reveal significant 
improvements in pre-service teachers’ critical 
thinking skills, inquiry-based science learning, 
analytical thinking, evidence-based reasoning, and 
problem-solving abilities [36].  

Training on hands-on robotics projects and 
robotic kits to facilitate problem-solving and project-
based STEM learning reveal significant 
improvements in pre-service teachers’ critical 
thinking, creativity, collaboration, analytical thinking 
and technical skills in mathematics instruction [37]. 
Another study with principles of reflective teaching 
practices incorporating self-analysis, personal 
statements, and guided reflection findings show 
enhanced instructional planning, professional 
competencies in teachers and improved self-efficacy 
in student engagement, instructional strategies, and 
classroom management [38].  

A study on handling structured exercise using 
open-ended questions which had multiple possible 
answers to promote inquiry and analysis revealed 
that it fostered a reflective and inquiry-based 
thinking mindset through engagement in analysing, 
challenging, and defending different perspectives 
[39]. A study on developing technology skills and 
use of problem-based learning for instructional 
design reveal enhanced teachers’ critical thinking by 
enabling the design and implementation of inquiry-
oriented, technology-integrated instructional 
activities [40].  

Providing direct critical thinking instruction, 
microteaching with feedback, collaborative and 
problem-based learning, technology integration, and 
comprehensive assessment and evaluation reveal 
significant improvements in pre-service teachers’ 
critical thinking through the integration of Socratic 
questioning, collaboration, problem-solving, and 
reflective practices into their instructional approaches 
[41].  

 
3.2. Studies related to Training in Creativity and 

Innovation Skill 
 
A study on training online flipped and face-to-face 

STEM education integrating problem-solving and 
engineering concepts face-to-face reveal significant 
enhancement of participants’ problem-solving skills, 
while online learning fostered positive attitudes 
towards engineering [42].  
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A project-based learning activities, in small group 
involving the collaboratively design of educational 
games addressing real-world problems significantly 
improved participants’ critical thinking, problem-
solving, creative thinking, and self-efficacy through 
engagement in divergent thinking and peer critique 
[43].  

Integration of interdisciplinary activities in 
mathematics and social sciences including 
curriculum design, role-playing for real-world 
application [44]. This study findings revealed 
significant improvements in pre-service teachers’ 
creativity, particularly in designing innovative lesson 
plans interdisciplinary integration, real-world 
relevance and collaborative classroom activity 
design.  

Similarly, hands-on, inquiry-based laboratory 
practices, creative problem-solving tasks, 
collaborative learning, and reflective exercises. This 
study findings reveal significant improvements in 
pre-service teachers’ problem-solving, hypothesis 
generation, and experimentation abilities, fostering 
innovative and creatively thinking in science 
instruction [45]. A study on real-life mathematical 
modelling tasks combined with constructivist and 
socio-constructivist teaching approaches revealed 
enhanced flexible thinking, problem-solving abilities, 
and the adoption of innovative instructional strategies 
in mathematics [46].  

 
3.3. Studies Related to Training in Collaboration Skill 

 
A study on collaborative learning activities in 

small-group projects involving the creation of 
instructional videos, peer analysis and providing 
constructive feedback activity. This study findings 
reveal significant improved critical thinking, 
collaboration, and technology skills through 
enhanced digital literacy, problem-solving, logical 
reasoning, constructive critique, cooperation, and 
peer-learning competencies [47]. A study on online 
platforms, multimedia instructional materials, and 
distinct interactive lesson design involving analysis, 
production and evaluation finding reveal significant 
improvements in cognitive achievement and effective 
active engagement through peer collaboration and 
expert guidance [48].  

 
3.4. Studies Related to Training in Communication Skill 
 

A study providing teachers with analysis, design, 
evaluation, and revision phases for developing 
English listening materials findings reveal that 
teachers improved digital and communication skills 
as they created and stored instructional material 
using technology [49].  

 

A study used hands-on activities and 
entrepreneurship-oriented worksheets design findings 
indicated participants showed significant 
improvement in their communication, analytical, and 
creative thinking skills, along with enhanced 
entrepreneurial knowledge and ability to design 
business-related instructional activities [50].  

Similarly, a study involving three courses focused 
on video project creation integrating grammar, 
reading, and writing for 86 pre-service teachers 
findings reveal significant improvements in 
participants’ English proficiency, language skills, 
collaboration, autonomy, digital literacy, creative 
thinking and critical thinking [51].  

  
3.5. Studies Related to Training in Information and 

Technology Skill 
 
A study integrating scientific inquiry, technology, 

mathematics, and engineering design into STEM 
education. The program significantly enhanced 
teachers’ self-efficacy in technology and improved 
their scientific inquiry skills through designing 
video-based presentations [52].   A study to enhance 
the science process skills (SPSs) in science teachers 
through technology-supported, inquiry-based 
learning revealed significant improvements in 
participants’ science process skills through effective 
use of digital tools for experimental design, data 
collection, analysis, and reporting [53].  

One-group pretest-post-test design employed 
involving data analysis, critical questioning, 
collaborative learning, and the use of technology for 
data interpretation and reporting reveal significant 
improvements in participants’ ability to identify, 
interpret, analyse, and apply external assessment data 
to inform and enhance their instructional practices 
[54]. A study used instructional videos, interactive 
learning materials, and online exercises reveal 
significant improvements in teachers’ technological 
skills and their programming abilities with enhanced 
attitudes towards teaching programming through 
hands-on experience [55].  

Use of iPad and virtual learning space, 
collaborative learning activity and classroom 
implementation reveal significant improvement in 
teachers’ technological competencies in their 
classroom instruction [56]. A study with systematic 
training in searching, evaluating, and utilizing digital 
resources, supported by ongoing formative 
assessment and feedback revel significant 
improvement in pre-service teachers’ media and 
technology skills, especially in locating, evaluating, 
and effectively applying academic resources [57]. A 
study using digital tools and evidence-based practices 
reveal significant improvements in their capacity for 
effective STEM education and technology-enhanced 
instructional practices [58].  
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A study using data for data literacy with learning 
analytical dashboard training results found to be 
effective in creating teachers’ positive attitude 
towards data usage in analysing [59].  

Hands-on activities, including coding algorithms, 
robotics applications, and the use of various robotic 
kits reveal a significant improvement in teachers’ 
awareness, attitudes and competencies related to 
STEM education [60]. A study using AR/VR tools in 
small groups settings with hands-on and 
collaborative learning activities showed enhancement 
in technology integration skills, with improved 
attitudes and awareness, emphasizing the 
effectiveness of experimental and collaborative 
approaches over passive learning [61].  

 
4. Discussion 
 

The finding on training 21st century skill is critical 
thinking skills in this review article shows that 
development of critical thinking in pre-service and 
in-service teachers mainly requires structured 
interventions with analytical reasoning, problem 
solving and reflective inquiry. The studies that 
support this by showing strategies like problem-
based learning, and technology-enhanced instruction, 
immersive learning environments like VR 
simulations, collaborative learning and Socratic 
questioning encourage teachers to challenge 
assumptions and enhance their critical thinking skills 
[13], [16], [62], [63], [64]. But in contrast to these 
findings, the studies have shown the challenges in 
implementing critical thinking and have reported lack 
of preparedness, inadequate knowledge, and limited 
resources as the key barriers for developing critical 
thinking [65]. Meta-analysis study cautioned the 
effectiveness of critical thinking instruction depends 
mainly on the quality and type of instruction, 
integration with subject content, and sustained it with 
context-specific scaffolding and any short-term or 
isolated interventions often show minimal impact 
[66], [67].  

The creativity and innovation skills in this study 
goes in integration with the critical thinking skill 
reveal that when structured, hands-on learning 
experiences are provided to teachers it promotes 
problem-solving, interdisciplinary learning, and 
collaboration. The studies support this finding and 
show that approaches like inquiry-based labs, 
mathematical modelling, and project-based learning 
enhance creative problem-solving [11], [68].  Using 
experiential learning methods, role play of real-world 
strengthen cognitive flexibility and diverse problem-
solving approaches [69], [70]. The studies have 
reported on the need of extrinsic motivation to 
nurture creativity in teachers like providing informal 
support and incentives, providing opportunities for 
innovation by reducing workload [71].     

The most least reported skill training is 
collaboration skills, it requires interactive learning 
environments that emphasizes on peer engagement, 
cooperative problem-solving, and shared knowledge 
construction. It indirectly influences communication 
skill where it is seen every collaboration requires 
communication. The studies that support this 
emphasise opportunities needed for co-creating 
instructional materials, peer feedback and 
collaborative analysis to improve communication, 
critical thinking, and teamwork among teachers [50], 
[72]. Technology usage further supports 
collaboration by facilitating peer interactions and 
data-driven instructional improvements [73]. The 
studies have emphasised on expert guidance and 
structured peer engagement to deepen cognitive 
learning and professional interaction among teachers 
[12], [74].  

Another least found study in this review is 
training in communication skill which also 
emphasises the need of structured, technology-
enhanced, and collaborative learning experiences to 
improve communication. The studies have supported 
this finding that providing activities like creating 
instructional materials, video projects, and 
entrepreneurship-oriented worksheets, usage of 
digital tools, like, Google Drive and multimedia 
platforms help teachers articulate ideas clearly and 
refine professional communication [14]. The studies 
have also demonstrated the challenges faced by 
teachers in communication skills like insufficient 
knowledge and lack of preparedness hinders their 
communication, where it has been stressed on 
integration of authentic communication elements in 
the curriculum [75].  

Through this review study it is clear that all the 
above four skills cannot go without information, 
media & technology skills, where the need of 
structured, hands-on experiences integrated digital 
tools, inquiry-based learning, and collaborative 
engagement is essential for the development of ICT 
skills. In support to this the studies have 
demonstrated integrating engaging activities like 
coding, using AR/VR, designing instructional videos, 
and ICT integration significantly enhances teachers’ 
ability to navigate, evaluate, and apply digital 
resources effectively [19]. Even the technology-
supported inquiry and STEM approaches enhance 
teachers’ data analysis and technological self-
efficacy and usage of digital resource evaluation 
improve media literacy and critical thinking [17], 
[76]. Collaborative environments with formative 
feedback are needed for the further development of 
reflective digital competencies [77]. The studies also 
have demonstrated the challenges in the integration 
of ICT skills in classroom instruction like, speed of 
internet, power cut, lack of infrastructure, technology 
resources, online teaching experience etc., hinder 
teachers’ effectiveness in ICT skills [78].   
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Apart from gaining training on learning and 
literary skill, information and technology skills the 
most important skill that needs training is life and 
career skills though it is important 21st-century but 
not identified in this review study. Life and career 
skills mainly focuses of some specific skills such as 
flexibility, productivity, leadership, self-direction, 
and social and cross-cultural competencies [79], [80], 
[81]. As the current review found a notable lack of 
structured training programs explicitly addressing 
these skills within the 21st-century skills framework 
the future researchers can focus more on this area.  

Overall, this review identified trainings on 
enhancing critical thinking, collaboration, 
communication creativity and innovation and 
information and technology skills. It is noticed in the 
review study that there is lot of overlap in different 
skill learning through every training program. 
Information technology skill is predominantly in 
training as the most essential skill, and indirectly 
influence on enhancing all the other skills of 21st-
century. This review study necessitates the 
importance of training in information technology 
skill to enhance other skills. 
 
5. Conclusion 

 
The systematic review reveals the importance of 

training 21st-century skills for secondary school 
teachers through various technology integrated 
training. Some of them are the usage of online 
argument mapping tool, e-learning platform, 
simulation software, multimedia instructional 
materials, online search engines, digital tools for 
experimental design along with theoretical and 
practical training. Even hands-on experiential 
activities on designing digital instructional materials 
also used in training. All of these trainings found to 
be effective in bringing out significant changes in the 
21st-century skill instructional ability of secondary 
school teachers. Generally, skill training in teacher 
education follows theories of behaviourism, 
cognitivism, and constructivism. The present study 
revealed that the studies which offered training of 
21st-century skills to secondary school teachers have 
predominantly followed experiential learning theory, 
simulated learning theory, social constructivist 
theory, and connectivity theory. Instruction of 21st-
century skill most likely needs knowledge of 
information technology and well-trained teachers for 
effective teaching. However, many parts of the world 
lack accessibility to these technical as well as human 
resources creating a challenge for quality of 
education. This review study provides implications 
related to the possibility of various training programs 
for secondary teachers on 21st-century skill.  

The findings of this study can be used by policy 
makers, educational department and institutional 
heads to provide such training for secondary teachers 
to improve their instructional quality. This review 
study faces limitations on exploration for 
methodology, philosophical bases and theoretical 
explanations used in the study for designing 21st-
century skills training. Its delimitation is the 
researcher sought institutional support for the 
databases and accordingly three databases Scopus, 
EBSCO and ERIC are used in the study that might 
limit the insights of other databases. The future 
studies can focus on exploring theoretical and 
philosophical frameworks used for training programs 
in the study. More databases can be used for the 
review to gain wider knowledge on teachers training. 
Teacher’s training related to primary teachers, 
university teachers as well as vocational teachers on 
21st-century training can be conducted to gain 
insights on different types of teachers training 
programs.  
 
References: 

 

[1]. Gouda, H. (2022). Exploring the effects of learning 
abilities, technology and market changes on the need 
for future skills. Higher Education, Skills and Work-
Based Learning, 12(5), 900-913. 

[2]. Afandi, A., et al. (2019). Development frameworks of 
the Indonesian partnership 21st-century skills standards 
for prospective science teachers: A Delphi 
Study. Jurnal Pendidikan IPA Indonesia, 8(1), 89-100.  
Doi: 10.15294/jpii.v8i1.11647 

[3]. Partnership for 21st Century Skills. (2009). P21 
framework definitions (ERIC Document ED519462). 
U.S. Department of Education. Retrieved from: 
https://files.eric.ed.gov/fulltext/ED519462.pdf 
[accessed: 10 September 2025] 

[4]. Mishra, P., & Mehta, R. (2017). What we educators 
get wrong about 21st-century learning: Results of a 
survey. Journal of Digital learning in Teacher 
education, 33(1), 6-19. 

[5]. Hanfstingl, B., Benke, G., & Zhang, Y. (2019). 
Comparing variation theory with Piaget’s theory of 
cognitive development: more similarities than 
differences?. Educational Action Research, 27(4), 511-
526. Doi: 10.1080/09650792.2018.1564687 

[6]. Metzger, M. J., et al. (2015). Believing the 
unbelievable: Understanding young people's 
information literacy beliefs and practices in the United 
States. Journal of Children and Media, 9(3), 325-348. 
Doi: 10.1080/17482798.2015.1056817 

[7]. Cobley, S., et al. (2009). How pervasive are relative 
age effects in secondary school education?. Journal of 
Educational Psychology, 101(2), 520.  
Doi: 10.1037/a0013845 

[8]. Hu, W., et al. (2013). Increasing students' scientific 
creativity: The “learn to think” intervention 
program. The journal of creative behavior, 47(1), 3-21.  
Doi: 10.1002/jocb.20 

https://files.eric.ed.gov/fulltext/ED519462.pdf


TEM Journal. Volume 15, Issue 2, pages 1635-1645, ISSN 2217-8309, DOI: 10.18421/TEM152-57, May 2026. 
 

TEM Journal – Volume 15 / Number 2 / 2026.                                                                                                                             1643 

[9]. Häkkinen, P., et al. (2017). Preparing teacher-students 
for twenty-first-century learning practices (PREP 21): 
a framework for enhancing collaborative problem-
solving and strategic learning skills. Teachers and 
Teaching, 23(1), 25-41. 

[10]. Nakano, T. de C., & Wechsler, S. M. (2018). 
Creativity and innovation: Skills for the 21st century. 
Estudos de Psicologia, 35(3), 237–246.  
Doi: 10.1590/1982-02752018000300002 

[11]. Wijaya, T., et al. (2021). Improving the creative 
thinking skills of the next generation of mathematics 
teachers using dynamic mathematics 
software. International Journal of Emerging 
Technologies in Learning (iJET), 16(13), 212-226. 
Doi: 10.3991/ijet.v16i13.21535 

[12]. Lipscombe, K., Buckley-Walker, K., & McNamara, 
P. (2020). Understanding collaborative teacher teams 
as open systems for professional 
development. Professional development in 
education, 46(3), 373-390.  
Doi: 10.1080/19415257.2019.1613256 

[13]. Okolie, U. C., et al. (2022). Collaborative learning 
and student engagement in practical skills 
acquisition. Innovations in Education and Teaching 
International, 59(6), 669-678. 
Doi: 10.1080/14703297.2021.1929395 

[14]. Gomoll, A., Hmelo-Silver, C. E., & Šabanović, S. 
(2022). Co-constructing professional vision: Teacher 
and researcher learning in co-design. Cognition and 
Instruction, 40(1), 7-26. 
Doi: 10.1080/07370008.2021.2010210 

[15]. Thanasi-Boçe, M., & Hoxha, J. (2024). From ideas 
to ventures: Building entrepreneurship knowledge 
with LLM, prompt engineering, and conversational 
agents. Education and Information 
Technologies, 29(18), 24309-24365.  
Doi: 10.1007/s10639-024-12775-z 

[16]. Franklin, B. M., et al. (2016). Problem‐Based 
Learning is a More Effective Method at Developing 
Critical Reasoning Skills When Compared to 
Traditional Instructional Methods. The FASEB 
Journal, 30, 776-22.  
Doi: 10.1096/fasebj.30.1_supplement.776.22 

[17]. Gonczi, A., et al.  (2021). Digital technology and 
engineering: Teachers’ understandings, beliefs, and 
practices. American Society for Engineering 
Education.  

[18]. Cavanagh, T. M., & Kiersch, C. (2023). Using 
commonly available technologies to create online 
multimedia lessons through the application of the 
cognitive theory of multimedia learning. Educational 
Technology Research and Development, 71(3), 1033–
1053. Doi: 10.1007/s11423-022-10181-1 

[19]. Jang, J., et al. (2021). Augmented reality and virtual 
reality for learning: An examination using an extended 
technology acceptance model. IEEE access, 9, 6798-
6809. Doi: 10.1109/ACCESS.2020.3048708 

[20]. Park, H., Kim, H. S., & Park, H. W. (2020). A 
scientometric study of digital literacy, ICT literacy, 
information literacy, and media literacy. Journal of 
data and information science, 6(2), 116-138. 
Doi: 10.2478/jdis-2021-0001 

[21]. Kerski, J. J. (2008). The role of GIS in Digital Earth 
education. International Journal of Digital 
Earth, 1(4), 326-346. 
Doi: 10.1080/17538940802420879 

[22]. Shan, Z., & Wang, Y. (2024). Strategic talent 
development in the knowledge economy: a 
comparative analysis of global practices. Journal of 
the Knowledge Economy, 15(4), 19570-19596.  
Doi: 10.1007/s13132-024-01933-w 

[23]. Huang, B., et al. (2023). High performance work 
systems, employee creativity and organizational 
performance in the education sector. The 
InTernaTIonal Journal of human resource 
managemenT, 34(9), 1876-1905. 
Doi: 10.1080/09585192.2022.2054283 

[24]. Mudinillah, A., et al. (2024). Optimizing project-
based learning in developing 21st century skills: A 
future education perspective. Qubahan Academic 
Journal, 4(2), 86-101. Doi: 10.48161/qaj.v4n2a352 

[25]. Rathbone, J., et al. (2017). Expediting citation 
screening using PICo-based title-only screening for 
identifying studies in scoping searches and rapid 
reviews. Systematic reviews, 6(1), 233.   
Doi: 10.1186/s13643-017-0629-x 

[26]. Ouzzani, M., et al. (2016). Rayyan—a web and 
mobile app for systematic reviews. Systematic 
reviews, 5(1), 210. Doi: 10.1186/s13643-016-0384-4 

[27]. Rethlefsen, M. L., et al. (2021). PRISMA-S: an 
extension to the PRISMA statement for reporting 
literature searches in systematic reviews. Systematic 
reviews, 10(1), 39. Doi: 10.1186/s13643-020-01542-z 

[28]. Barker, T. H., et al. (2023). The revised JBI critical 
appraisal tool for the assessment of risk of bias for 
randomized controlled trials. JBI evidence 
synthesis, 21(3), 494-506.  
Doi: 10.11124/JBIES-22-00430 

[29]. Hristova, M. (2012). RefWorks usage patterns: 
Exploring the first four semesters of use by faculty, 
graduate students, and undergraduates. Internet 
Reference Services Quarterly, 17(2), 45-64. 
Doi: 10.1080/10875301.2012.720654 

[30]. Harrison, H., et al. (2020). Software tools to support 
title and abstract screening for systematic reviews in 
healthcare: an evaluation. BMC medical research 
methodology, 20(1), 7. 
Doi: 10.1186/s12874-020-0897-3 

[31]. Kaya, S. (2024). One intervention, several benefits: 
Deliberate computer‐assisted argument mapping 
practices in an online teacher education 
course. Journal of Computer Assisted Learning, 40(6), 
3230-3248. 

[32]. Hatami, A. (2024). Video-Based Mathematics 
Teacher Training: A Comparison of Real Classroom 
Videos and Virtual Reality. Journal of Educators 
Online, 21(4), n4.  

[33]. Fanta, D., Braeutigam, J., & Riess, W. (2020). 
Fostering systems thinking in student teachers of 
biology and geography–an intervention study. Journal 
of Biological Education, 54(3), 226–244.  
Doi: 10.1080/00219266.2019.1569083 

[34]. Myrzatayeva, G., Almetov, N., & Tazhmukhanova, 
N. (2023). Systematic training of future teachers for 
developing critical thinking of schools pupils in 
Kazakhstan. Cogent Education, 10(2), 2202103. 



TEM Journal. Volume 15, Issue 2, pages 1635-1645, ISSN 2217-8309, DOI: 10.18421/TEM152-57, May 2026. 
 

1644                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

[35]. Pewkam, W., & Chamrat, S. (2022). Pre-service 
teacher training program of STEM-based activities in 
computing science to develop computational 
thinking. Informatics in Education, 21(2), 311-329. 

[36]. Prayogi, S., et al. (2022). Opportunities to stimulate 
the critical thinking performance of preservice science 
teachers through the ethno-inquiry model in an e 
learning platform. International Journal of Learning, 
Teaching and Educational Research, 21(9), 134-153. 
Doi: 10.26803/ijlter.21.9.8 

[37]. Cahyono, A. N., et al. (2021). The RoboSTE [M] 
project: Using robotics learning in a STEM education 
model to help prospective mathematics teachers 
promote students’ 21st-centuryskills. International 
Journal of Learning, Teaching and Educational 
Research, 20(7), 85-99. Doi: 10.26803/IJLTER.20.7.5 

[38]. Goker, M. U. (2021). Reflective coaching: Training 
for development of instructional skills and sense of 
efficacy of pre-service EFL teachers. Journal of 
Language and Linguistic Studies, 17(S1), 423-447. 
Doi: 10.17263/jlls.903460 

[39]. Demırbag, B., Unısen, A., & Yesılyurt, A. (2016). 
Training of critical thinking skills in teacher 
candidates and placebo effect: A quasi-experimental 
study. Eurasian Journal of Educational 
Research, 16(63). 

[40]. Walker, A., et al. (2012). Comparing technology-
related teacher professional development designs: A 
multilevel study of teacher and student 
impacts. Educational technology research and 
development, 60(3), 421-444. 

[41]. Yang, C.-H., & Rusli, E. (2012). Teacher training in 
using effective strategies for preschool children with 
disabilities in inclusive classrooms. Journal of College 
Teaching and Learning, 9(1), 53–64.  

[42]. Yıldırım, B. (2024). Flipped TRIZ-STEM: 
Enhancing teacher training through innovative 
pedagogy?. Education and Information 
Technologies, 29(9), 10899-10929. 

[43]. Wang, M., & Rozelle, S. (2023). Teaching training 
among rural and urban in-service teachers in central 
China. Educational Research for Policy and 
Practice, 22(3), 409-425. 

[44]. Santaolalla, E., et al. (2020). Interdisciplinarity in 
teacher education: evaluation of the effectiveness of an 
educational innovation project. Sustainability, 12(17), 
6748. Doi: 10.3390/SU12176748 

[45]. Yakar, Z., & Baykara, H. (2014). Inquiry-based 
laboratory practices in a science teacher training 
program. Eurasia Journal of Mathematics, Science 
and Technology Education, 10(2), 173-183.  
Doi: 10.12973/eurasia.2014.1058a 

[46]. Mischo, C., & Maaß, K. (2013). The Effect of 
Teacher Beliefs on Student Competence in 
Mathematical Modeling--An Intervention 
Study. Journal of Education and Training 
Studies, 1(1), 19-38. 

[47]. Fang, J. W., et al. (2021). An online collaborative 
peer-assessment approach to strengthening pre-service 
teachers’ digital content development competence and 
higher-order thinking tendency. Educational 
Technology Research and Development, 69(2), 1155-
1181. Doi: 10.1007/s11423-021-09990-7 

[48]. Alibraheim, E. A., Hassan, H. F., & Soliman, M. W. 
(2022). The effect of different interaction patterns in e-
training environments in developing the skills of 
producing interactive lessons for middle school 
mathematics teachers. EURASIA Journal of 
Mathematics, Science and Technology Education, 
18(7).  

[49]. Fakhruddin, Z., et al. (2020). Designing english 
listening materials through youtube video editing: 
Training for english teachers of islamic junior high 
schools, Parepare, South Sulawesi. IJELTAL 
(Indonesian Journal of English Language Teaching 
and Applied Linguistics), 4(2), 275-290.  
Doi: 10.21093/ijeltal.v4i2.475 

[50]. Deger, T., Inaltekin, T., & Kirman-Bilgin, A. (2023). 
Investigating the effectiveness of life skills training 
guide on pre-service science teachers’ development of 
professional knowledge regarding entrepreneurship 
skills. Science Insights Education Frontiers, 15(2), 
2325–2353. http://eric.ed.gov/?id=EJ1379060 

[51]. Van Loi, N., & Hang, C. T. T. (2021). Integrating 
Project Work into English Proficiency Courses for 
Pre-Service Teachers' Training. Tesl-Ej, 25(3), n3. 

[52]. Dökme, İ., & Koyunlu Ünlü, Z. (2024). An effective 
intervention using STEM instruction for improving 
preservice science teachers’ self-efficacy. Research in 
Science & Technological Education, 42(4), 930-951. 

[53]. Durmaz, H. (2016). The effect of an instructional 
intervention on enhancement pre-service science 
teachers’ science processes skills. Asia-Pacific Forum 
on Science Learning and Teaching, 17(2).  

[54]. Reeves, T. D., & Chiang, J. L. (2017). Building pre-
service teacher capacity to use external assessment 
data: An intervention study. The Teacher 
Educator, 52(2), 155-172. 
Doi: 10.1080/08878730.2016.1273420 

[55]. Alkaria, A., & Alhassan, R. (2017). The effect of in-
service training of computer science teachers on 
scratch programming language skills using an 
electronic learning platform on programming skills 
and the attitudes towards teaching 
programming. Journal of Education and Training 
Studies, 5(11), 1-12. 

[56]. Baker, J. C., et al. (2013). V-SPACE: Training 
Teachers to Use iPads to Create Virtual Spaces for 
Accessing Content in English. International Journal 
of Technology in Teaching and Learning, 9(1), 64-80. 

[57]. Fry, S., & Seely, S. (2011). Enhancing preservice 
elementary teachers’ 21st-century information and 
media literacy skills. Action in Teacher Education, 
33(2), 206–218. Doi: 10.1080/01626620.2011.569468 

[58]. Nkundabakura, P., et al.  (2024). Contribution of 
continuous professional development (CPD) training 
programme on Rwandan secondary school 
mathematics and science teachers’ pedagogical, 
technological, and content knowledge. Education and 
Information Technologies, 29(4), 4969-4999. 

[59]. Khulbe, M., & Tammets, K. (2023). Mediating 
teacher professional learning with a learning analytics 
dashboard and training intervention. Technology, 
Knowledge and Learning, 28(3), 981–998.  



TEM Journal. Volume 15, Issue 2, pages 1635-1645, ISSN 2217-8309, DOI: 10.18421/TEM152-57, May 2026. 
 

TEM Journal – Volume 15 / Number 2 / 2026.                                                                                                                             1645 

[60]. Keskinkiliç, F. (2024). The effect of STEM training 
with educational robotics applications designed for 
classroom teachers on the STEM awareness and 
attitudes of teachers. International Journal of 
Computer Science Education in Schools, 6(3).  

[61]. Buchner, J., & Hofmann, M. (2022). The more the 
better? Comparing two SQD-based learning designs in 
a teacher training on augmented and virtual 
reality. International Journal of Educational 
Technology in Higher Education, 19(1), 24. 
Doi: 10.1186/s41239-022-00329-7 

[62]. Lorencová, H., Jarošová, E., Avgitidou, S., & 
Dimitriadou, C. (2019). Critical thinking practices in 
teacher education programmes: a systematic 
review. Studies in Higher Education, 44(5), 844-859. 
Doi: 10.1080/03075079.2019.1586331 

[63]. Barth, V. L., et al. (2019). The impact of direct 
instruction in a problem-based learning setting. Effects 
of a video-based training program to foster preservice 
teachers’ professional vision of critical incidents in the 
classroom. International journal of educational 
research, 95, 1-12. Doi: 10.1016/j.ijer.2019.03.002 

[64]. Hursen, C. (2021). The effect of problem-based 
learning method supported by web 2.0 tools on 
academic achievement and critical thinking skills in 
teacher education. Technology, Knowledge and 
Learning, 26(3), 515-533. 
Doi: 10.1007/s10758-020-09458-2 

[65]. Khalid, L., Bucheerei, J., & Issah, M. (2021). Pre-
service teachers’ perceptions of barriers to promoting 
critical thinking skills in the classroom. SAGE Open, 
11(3).  

[66]. Abrami, P. C., et al. (2015). Strategies for teaching 
students to think critically: A meta-analysis. Review of 
educational research, 85(2), 275-314.  
Doi: 10.3102/0034654314551063 

[67]. Niu, L., Behar-Horenstein, L. S., & Garvan, C. W. 
(2013). Do instructional interventions influence 
college students’ critical thinking skills? A meta-
analysis. Educational research review, 9, 114-128.  
Doi: 10.1016/j.edurev.2012.12.002 

[68]. Chapman, O., & Babb, P. P. (2019). Prospective 
Secondary Mathematics Teachers’ Development of 
Knowledge of Modelling for Teaching. Theory and 
Practice: An Interface or A Great Divide? The 
Mathematics Education for the Future Project–
Proceedings of the 15th International Conference, 4, 
84.  

[69]. Misfeldt, M., & Zacho, L. (2016). Supporting 
primary-level mathematics teachers’ collaboration in 
designing and using technology-based 
scenarios. Journal of Mathematics Teacher 
Education, 19(2), 227-241.  
Doi: 10.1007/s10857-015-9336-5 

[70]. Moreno-Guerrero, A. J., et al. (2020). Educational 
innovation in higher education: Use of role playing 
and educational video in future teachers’ 
training. Sustainability, 12(6), 2558. 
Doi: 10.3390/su12062558 

[71]. Tahir, L., et al.  (2024). Nurturing teachers’ 
creativity: Exploring leadership roles and 
constraints. Thinking Skills and Creativity, 54, 
101662. 
Doi: 10.1016/j.tsc.2024.101662 

[72]. Sjølie, E., Strømme, A., & Boks-Vlemmix, J. 
(2021). Team-skills training and real-time facilitation 
as a means for developing student teachers’ learning of 
collaboration. Teaching and Teacher Education, 107, 
103477. Doi: 10.1016/j.tate.2021.103477 

[73]. Glazer, E., Hannafin, M. J., & Song, L. (2005). 
Promoting technology integration through 
collaborative apprenticeship. Educational Technology 
Research and Development, 53(4), 57-67. 
Doi: 10.1007/BF02504685 

[74]. Sinha, S., et al. (2015). Collaborative group 
engagement in a computer-supported inquiry learning 
environment. International Journal of Computer-
Supported Collaborative Learning, 10(3), 273-307.  
Doi: 10.1007/s11412-015-9218-y 

[75]. Pelger, S. (2022). Academic development to 
overcome STEM teachers’ challenges in teaching 
communication. International Journal for Academic 
Development, 27(1), 17-30. 
Doi: 10.1080/1360144X.2021.1891905 

[76]. Atmojo, I. R. W., et al. (2021). Efforts to improve 
digital literacy skills for teachers through information 
literacy training.  Proceedings of the 5th International 
Conference on Learning Innovation and Quality 
Education, 1-4. Doi: 10.1145/3516875.3516956 

[77]. Altinsoy, E. (2021). Lesson Study as an Intervention 
to Develop Prospective English Language Teachers' 
Classroom Management Skills. Online 
Submission, 2(3), 398-414. 

[78]. Akram, H., et al. (2022). Teachers’ perceptions of 
technology integration in teaching-learning practices: 
A systematic review. Frontiers in psychology, 13, 
920317. Doi: 10.3389/fpsyg.2022.920317 

[79]. Wang, F. (2021). Principals’ self-and interpersonal 
leadership amid work intensification. Journal of 
School Leadership, 31(5), 396-427. 
Doi: 10.1177/1052684620935383 

[80]. Alharbi, N. S. (2024). Exploring the perspectives of 
cross-cultural instructors on integrating 21st century 
skills into EFL university courses. Frontiers in 
Education, 9, 1302608. Frontiers Media SA. Doi: 
10.3389/feduc.2024.1302608 

[81]. Toker, S. (2022). The progress of 21st-century skills 
throughout instructional design projects: a quasi-
experimental comparison of rapid prototyping and 
Dick and Carey models. Education and Information 
Technologies, 27(2), 1959-1992. 
Doi: 10.1007/s10639-021-10673-2 

 
 
 

 


