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Abstract 

This article presents a systematic literature review aimed at identifying pedagogical strategies within 

the STEM/STEAM approach, which integrates Science, Technology, Engineering, Art and 

Mathematics as a response to the educational challenges of the 21st century. The study focused on 

experiences implemented at the elementary and secondary education levels, considering both practical 

and methodological interventions. The search was carried out in electronic databases using Boolean 

operators, automatic filters and applying inclusion and exclusion criteria.  The study made it possible to 

identify pedagogical strategies implemented in the STEAM approach and the skills promoted in 

students. Among the most frequent are the use of digital tools and project-based learning. Regarding 

the skills developed through the STEAM approach, the findings highlight logical thinking and problem 

solving as key competencies of the 21st century, enhanced through dynamic, contextualized and 

collaborative learning experiences. 

It highlights the need to promote educational policies that ensure technological provision and specific 

teacher training programs, especially in Colombian educational contexts with economic and 

technological limitations. It is recommended that greater curricular flexibility and interdisciplinary 

approaches be promoted. 

 

Keywords: Educational strategies, motivation, primary education, secondary education, school 

integration, pedagogical innovation. 

 

INTRODUCTION 

 

The STEM/STEAM approach has established itself as an innovative pedagogical alternative aimed at responding to 

the educational challenges of the 21st century through the integration of Science, Technology, Engineering, Art and 

Mathematics. Its main purpose is to promote interdisciplinarity, critical thinking, creativity and the solution of real 

problems, fundamental skills for the integral development of students in a globalized and technologically advanced 

context. 

Various studies have shown that this proposal not only transforms traditional teaching practices, but also strengthens 

the participation of students in the educational process. (López Rivero, 2023) highlights significant improvements in 

motivation and academic performance through the use of digital tools such as Scratch and GeoGebra, which allow 

modeling complex phenomena and promoting computational thinking. Likewise (Bernal Piza & Vargas Sandoval, 

2024) highlight the positive impact of Project-Based Learning (PBL) as a strategy that articulates interdisciplinary 
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knowledge around authentic challenges, stimulating autonomy, planning and a deep understanding of scientific 

phenomena. 

On the other hand, the inclusion of emerging technologies, such as educational robotics and programming, has proven 

to be a valuable resource to enhance logical reasoning and motivation, as they point out (Camino Herrera et al., 2024). 

These tools, together with integrated active methodologies such as the flipped classroom or gamification, make up a 

dynamic and adaptive didactic ecosystem that responds to the diversity in learning. 

In this way, this systematic review aims to identify the pedagogical strategies implemented and the skills that are 

developed through them in contexts of basic primary and secondary education within the STEAM approach, in order 

to offer a comprehensive vision of their impact, conditions of application and transformative potential in the school 

environment. 

 

METHODOLOGY 

 

This study was developed through a systematic literature review, using the PRISMA 2020 (Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses) model, proposed by (Page et al., 2021). This methodological approach 

allows for standardization and transparent documentation of each phase of the process: from source identification, 

screening, and eligibility, to the final inclusion of studies. Its application guarantees reproducibility, bias control and 

scientific validity in the synthesis of results. 

The search strategy was designed using Boolean operators "OR", "AND" to identify studies related to the STEAM 

approach at the primary and secondary education level. The equation formulated was: ("pedagogical strategies" OR 

"educational methodologies") AND (STEM OR "Science, Technology, Engineering, Mathematics") AND ("secondary 

education" OR "basic education"). When applying this search equation, the SATO databases yielded a total of 18,400 

documents.  

After the elimination of duplicates (n = 3,372), a total of 15,028 records were screened, of which 12,993 were excluded 

by title and abstract, and 1,200 documents were evaluated in full text. Finally, 1,150 studies were discarded for not 

meeting the established inclusion criteria. Manual screening was carried out in two phases: first, a reading of titles and 

abstracts to assess thematic relevance; subsequently, a complete review of the selected texts, applying explicit 

inclusion and exclusion criteria such as: year of publication (2017–2024), language (Spanish, English, Portuguese) 

and type of document. 

Finally, the documents distributed according to their source of access were selected as follows: 24 articles were from 

Dialnet, 9 come from RedALyC, 2 located in EBSCOhost, and the remaining 15 were extracted from Scielo.  

Only those studies that explicitly addressed the STEM or STEAM approach as a central axis were included, including 

methodologies such as project-based learning (PBL), gamification, computational thinking, educational robotics, 

among others. In addition, they had to be applied in primary or secondary education (baccalaureate) contexts, evidence 

practical experiences, interventions or real training programs, and incorporate teacher training processes within the 

STEAM approach.  

Those documents that superficially mention the STEAM approach without applying it as the central axis of the study, 

those that focused exclusively on university or postgraduate education, or those that did not present methodological 

application, practical intervention or direct connection with the classroom were excluded. Studies that did not include 

teachers or students as direct beneficiaries, those that did not show concrete results, findings or impacts, as well as 

those that were outside the established time range were also discarded. Documents written in languages other than 

Spanish, English or Portuguese without available translation, duplicate files, extended abstracts or without full access 

to the content, works focused on a single discipline without interdisciplinary articulation with the STEAM model, and 

texts of general dissemination, opinions without academic support or publications without formal scientific review 

were also excluded. 

The 50 articles that met the established requirements were systematically classified and analyzed to answer the 

research question: What are the most used pedagogical strategies in the STEAM approach and what skills do they 

develop in the students? 

The data analysis was carried out using an extraction matrix, where variables such as year of publication, country of 

study, educational level, pedagogical strategy used, type of evidence reported, skills developed and macro 

competencies were recorded in a structured way. The process was carried out by a lead reviewer with cross-checking 

by the co-authors, ensuring the consistency of the recorded data. All the articles included were managed using the 

Zotero software, which allowed the sources to be organized. 
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For the synthesis of results, a qualitative approach based on thematic categorization and frequency analysis was used. 

The included articles were coded according to the STEAM pedagogical strategies applied and the skills developed in 

the students to facilitate their analysis.  

The process flow is represented in Figure 1, corresponding to the PRISMA 2020 diagram, which visualizes the number 

of records processed in each phase of the document analysis. 

 

Figure 1.  Adapted PRISMA diagram.  

 
 

Own elaboration based on (Page et al. 2021). 

 

RESULTS AND DISCUSSION 

 

Publications on STEAM in primary and secondary education have increased markedly in the last three years, reflecting 

increased academic interest. According to the distribution presented in graph 1, the years 2022, 2023 and 2024 account 



TPM Vol. 32, No. S5, 2025         Open Access 

ISSN: 1972-6325 

https://www.tpmap.org/ 

 

702 
 

for 88% of the total number of articles analyzed, with a peak in 2024 (n = 27).  The above may indicate the research 

interest in this field of knowledge. 

 

Figure 1 Frequency and annual percentage of STEAM studies in basic education (primary and secondary) 

Note. Prepared by the author based on the 50 articles included in the systematic review. In original Spanish language 

 

 

Recent studies such as those of (Espinosa Cevallos, 2024) and (Flores, 2024), show that the application of the STEAM 

approach constitutes both a pedagogical innovation and a validated mechanism for the leveling of competencies after 

the pandemic educational crisis. Both works highlight the use of emerging technologies, which combine face-to-face 

and virtual and practical methods that help students catch up in science, technology and mathematics. 

This shift towards more practical educational methods, adapted to the reality of students, is a great opportunity to 

renew traditional teaching. The pedagogical practices linked to the STEAM approach develop the ability to analyze 

complex situations, solve practical problems and connect knowledge from different areas from early stages, which 

prepares students to face the challenges of the contemporary world. 

Table 1 presents the most commonly used pedagogical strategies in the STEAM approach, indicating the exact number 

of articles that mention each of them  

Table 1 STEAM pedagogical strategies  

Strategy  Conceptualization Frequency Authors per article 

Project-Based 

Learning (PBL) 

It is developed 

through projects 

that articulate 

scientific, 

technological, 

artistic or social 

knowledge. 

13 Queiruga-Dios et. al (2021); Gaitán 

Hernández and de la Cruz Hernández 

(2024); Armijos Romero and Dután 

Duque (2022); López Rivero (2023); 

Bernal Piza and Vargas Sandoval (2024); 

Pelejero de Juan (2018); Borda Martínez 

(2021); Agudelo Rodríguez and 

Gonzáles-Reyes (2024); Flores Zaragoza 

et al. (2024); Chía Fuentes (2023); 

Turriate and Castillo (2022); Bucio-

Gutiérrez et al. (2024); Espinosa Cevallos 

(2024) 

Gamification or 

educational game 

Transform the 

learning 

environment 

1 Gaitán Hernández and de la Cruz 

Hernández (2024) 
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through game-

specific dynamics. 

Digital tools Use of 

programming 

software and 

artificial 

intelligence in 

educational 

applications, 

simulators and 

platforms. 

18 González Díaz (2024); Espinosa Cevallos 

(2024); López Rivero (2023); Camino 

Herrera et al. (2024); Dellepiane (2023); 

García Mejía and García Vera (2020); 

Turriate and Castillo (2022); Bucio-

Gutiérrez et al. (2024); Gaitán Hernández 

and de la Cruz Hernández (2024); Chía 

Fuentes (2023); González Díaz (2024); 

Espinosa Cevallos (2024); Dellepiane 

(2023); López Rivero (2023); Camino 

Herrera et al., (2024); García Mejía and 

García Vera (2020); Bucio-Gutiérrez et al. 

(2024); Chacón González and Hernández 

Pérez (2023) 

Integrated active 

methodologies 

Integration of 

strategies that 

promote 

collaborative 

learning, critical 

thinking, and 

creativity.  

10 Gaitán Hernández and de la Cruz 

Hernández (2024); Flores Zaragoza et al. 

(2024); Espinosa Cevallos (2024); 

Dellepiane (2023); Chía Fuentes (2023); 

Borda Martínez (2021); Turriate and 

Casillo (2022); Bucio-Gutiérrez et al. 

(2024); López Rivero (2023); Agudelo 

Rodríguez & Gonzáles-Reyes (2024) 

Problem 

solving/logical 

thinking 

It is based on 

modeling, 

simulation and 

tools that favor 

abstraction and 

analysis based on 

complex problems.  

3 De la Hoz Ruiz and Hijón Neira (2022); 

Arias-De la Cruz and Vergara-Ibarra 

(2024); Chía Fuentes (2023) 

Educational robotics / 

programming 

It is based on the 

design, simulation 

and control of 

artifacts.  

5 Masaquiza Pinto (2025); Becerra 

Avendaño et al. (2024); Chía Fuentes 

(2023); Dellepiane (2023); Bucio-

Gutiérrez et al. (2024) 

 

The findings reveal a notorious preeminence of the use of digital tools (n = 18), confirming the role of platforms such 

as Scratch, simulators and interactive kits to articulate the interdisciplinary learning pursued by the STEAM approach. 

Research such as that of (López Rivero, 2023), confirm that the use of technological resources not only facilitates the 

understanding of complex theoretical concepts, but also improves student participation and autonomy in the 

educational process, (Camino Herrera et al., 2024) For their part, they emphasize that these resources promote the 

development of logical thinking, problem solving and intrinsic motivation of students, as well as (Espinosa Cevallos, 

2024) argues that the incorporation of interactive technologies in STEAM educational environments favors the transfer 

of knowledge to real and collaborative contexts, which together show that these resources transfer theoretical concepts 

to applied scenarios, strengthening logical thinking and student motivation.  

Project-Based Learning (PBL) occupies the second position (n = 13) and is a strategy that is related to the foundations 

of this approach, since it encourages students to address real problems and actively participate in contexts with 

practical meaning. Research such as that of (Queiruga-Dios et al., 2021) conclude that PBL, by focusing on authentic 

and contextualized tasks, favors student involvement and improves their performance in STEM subjects. The authors 
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stress that project work provides an ideal environment for developing both cognitive and socio-emotional skills, for 

its part. (Gaitán Hernández & De la Cruz Hernández, 2024) argue that the implementation of PBL in secondary 

classrooms not only encourages student participation, but also stimulates critical thinking and decision-making in 

collaborative environments. Their analysis shows an increase in academic commitment and a sustained improvement 

in performance, in addition to the work of (Armijos Romero & Dután Duque, 2022), present a pedagogical experience 

where PBL made it possible to integrate curricular content with the sociocultural reality of the environment, promoting 

significant learning. Similarly, (García-Mejía & García-Vera, 2020) document that the implementation of the STEAM 

approach with PBL during the pandemic strengthened the understanding of mathematics and stimulated motivation in 

high school students. The authors show that this didactic strategy enhances the student's autonomy, since it requires 

planning, research and decision-making throughout the process. Together, these studies support the value of PBL as a 

transformative pedagogical strategy, especially in secondary education, where active, cooperative and student-centered 

learning is essential for comprehensive education. 

In this order of ideas, integrated active methodologies were identified in ten studies (n = 10), confirming the inclination 

to merge gamification, flipped classroom and cooperative learning in contemporary educational contexts. According 

to (Flores Zaragoza et al., 2024) These interactive methodologies generate a dynamic environment that increases 

student participation, stimulates critical thinking and reinforces the collective construction of knowledge. The authors 

highlight that gamification, by introducing playful and motivational elements, improves the attitude towards learning, 

while the flipped classroom allows a more efficient use of class time for discussion and problem solving, in the same 

way (Espinosa Cevallos, 2024), stresses that these combined methodologies generate more inclusive and participatory 

environments, favouring both autonomous and collaborative learning. Her research shows improvements in academic 

performance and a greater willingness of the student to face complex challenges through teamwork and self-regulation 

of learning. These combinations raise students' motivation and critical thinking. It has also been documented that the 

combination of PBL, gamification and flipped classroom improves participation and understanding of content 

(Guanotuña Balladares et al., 2024); (Herrera-Barzallo et al., 2024); (Michuy Gaibor et al., 2023); (Arias Villalba et 

al., 2024). Together, the strategies reinforce the relevance of adopting integrated didactic approaches to foster 

motivating and meaningful learning within the framework of educational transformation driven by the STEAM 

approach. 

It is worth noting that educational robotics and programming are also strategies that stimulate logical thinking and 

creativity, evidenced in five of the studies analyzed (n = 5), marking a growing trend within the STEAM approach, 

research such as that of (Masaquiza Pinto, 2025); (Blázquez Álvarez, 2022)presents an experience in which basic 

education students applied programming knowledge through the use of platforms such as Tinkercad and Arduino, 

managing to consolidate interdisciplinary learning by facing real challenges of basic engineering, the results showed 

a substantial improvement in the ability to design functional solutions and argue their technical decisions. Supporting 

the above, (Becerra Avendaño et al., 2024) show that robotic kits are powerful tools to promote creativity, autonomy 

and decision-making in secondary school students. The implementation of activities based on the programming of 

sensors, motors and robotic structures allowed participants not only to understand abstract concepts of electronics and 

computational logic, but also to work collaboratively in active learning environments, these studies support the 

effectiveness of educational robotics as it enhances both technical learning and the development of higher cognitive 

skills,  fully aligning with the goals of the STEAM approach (Diego Salomón et al., 2023) ; (Moronta Diaz, 2024) ; 

(Barzola Quintero & Barrera Barrera, 2022); (Urquizo, 2023) 

Other strategies that emerge from this analysis are problem solving and logical thinking, which are identified in three 

articles (n = 3), and are presented as strategies linked to the teaching of mathematics, particularly at school levels 

where it is necessary to strengthen conceptual understanding and the practical application of the contents.  highlighting 

the role of tools such as Scratch and mathematical modeling activities, which allow students to be actively involved 

in processes of abstraction, analysis and creation of solutions, in this sense, (Hoz Ruiz & Hijón Neira, 2022) and 

(Castillo Estrella & Cajas Monago, 2024) show how the implementation of Scratch in the classroom contributes to 

improving logical thinking skills in primary and secondary school students. The authors argue that visual programming 

not only improves motivation, but also facilitates the understanding of sequential, conditional, and algorithmic 

structures, fundamental in mathematical reasoning. As can be seen, (Arias-De La Cruz & Vergara-Ibarra, 2024);  

(Tomalá-Vera, 2024) They highlight that mathematical modeling activities allow students to face real or contextualized 

problems, which promotes the functional use of mathematical knowledge. This strategy not only improves the 

interpretation and representation of phenomena, but also develops argumentation, data analysis, and critical thinking 

skills, essential aspects for meaningful mathematical learning. Research agrees that the integration of educational 

programming and modeling environments allows abstract concepts to be connected with concrete situations. 

(Gutiérrez, 2023)  
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The least frequent strategy after the analysis of the documents is gamification or educational games, presented by the 

authors (Gaitán Hernández & De la Cruz Hernández, 2024) Those who offer evidence on how gamification, 

understood as the incorporation of structured playful dynamics in pedagogical processes, enhances meaningful 

learning by transforming the classroom into a participatory environment, highlight that the use of scoring systems, 

symbolic rewards, challenges and immediate feedback generates a more immersive learning experience, where 

students feel emotionally engaged and cognitively stimulated. 

This pattern indicates that the most applicable pedagogical strategies in basic secondary education not only combine 

digital elements with active methodologies, but also prioritize approaches focused on design, creativity and addressing 

complex problems from the classroom, especially digital tools and PBL that enhance creativity, critical thinking and 

the practical application of knowledge in STEAM contexts (Agudelo Rodríguez & González-Reyes, 2024). 

The versatility of integrated STEAM strategies: combining virtual labs, robotics and digital arts to pose open 

challenges in which students design solutions to real problems (Queiruga-Dios et al., 2021); (Romero & Ponce, n.d.) 

and (González Díaz, 2024), show that structuring long-range projects increases motivation and fosters creativity by 

positioning students as active managers of their own learning (López Rivero, 2023); (Masaquiza Pinto, 2025). 

Integrated active methodologies are characterized by combining gamification, cooperative work, and challenge-based 

learning to enhance problem-solving and critical thinking (Chía Fuentes, 2023). The predominance of integrated 

STEAM strategies suggests that teachers opt for flexible frameworks capable of simultaneously activating several key 

competencies. 

Active methodologies such as PBL, gamification, flipped classroom, and augmented reality promote a consistent set 

of cognitive, digital, and socio-emotional skills in students, including computational thinking, logical reasoning, 

creativity, problem-solving, autonomy, digital literacy, emotional regulation, collaboration, and initiative.  thus 

strengthening their intrinsic motivation and their ability to apply knowledge in real contexts, this is evidenced in Figure 

2 where the percentages of skills developed by STEAM strategies in educational contexts can be observed, according 

to the analysis of the documents included in the systematic review. 

Figure 2 Skills developed by STEAM strategies. In original Spanish language 

 

Regarding the competencies promoted by the STEAM approach, critical thinking emerges as the skill with the greatest 

presence, followed by problem-solving and creativity, which may indicate that they are priority skills in educational 

contexts. Other notable attributes are academic motivation, the strengthening of digital skills, collaboration and 

autonomy, which aim to value transversal skills. (Prado Romero, 2023) showed how gender composition in the 

classroom influences academic performance and the decision to opt for STEM careers, especially among female 

students. This suggests a shift in focus in educational research, fostering skills that allow students to adapt to the 

environment, solve problems, and collaborate effectively  
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Research has allowed students to move from a passive role to an active one as creators of technological solutions, 

enhancing both their computational thinking and their ability to devise, analyze and propose interdisciplinary 

improvements in real situations (Chía Fuentes, 2023); (Borda Martínez, 2021); (Dellepiane, 2023) This shows that 

these strategies promote empathy, ideation and the ability to formulate innovative solutions contributing to a more 

comprehensive and critical training, promoting scientific and technological skills that prepare students to understand 

and transform their environment with a vision of the future. 

Regarding the use of digital tools, it is reported that platforms such as Scratch, MakeCode, Micro:bit, GeoGebra and 

virtual laboratory simulators offer experiences that help students better understand abstract concepts. These tools allow 

you to receive immediate feedback, explore without physical risks and work in immersive environments (López 

Rivero, 2023); (Satrústegui Moreno et al., 2024); (Chía Fuentes, 2023); (Ramírez & Cubillos, 2021). and (Espinosa 

Cevallos, 2024). Therefore, it is necessary to have an infrastructure and trained teachers who can promote the 

development of more complex mental processes by promoting technical, social and citizenship skills. 

Allowing students to formulate, manage and evaluate their own proposals favors the development of autonomy, 

creativity and can maintain constant motivation due to the challenges that give them purpose and meaning when 

carrying out STEAM activities (López Rivero, 2023); (Flores Zaragoza et al., 2024); (Gaitán Hernández & De la Cruz 

Hernández, 2024); (Esteban Ríos, 2023) they also integrate different disciplines adapting to real contexts, developing 

decision-making and adaptation skills (Landero Olán, 2024), which leads to the development of a greater variety of 

competencies and skills ideal for facing the challenges of the twenty-first century. 

Based on the above considerations, the 50 articles have been reviewed, finding competencies that can be grouped from 

the skills that are developed through the STEAM approach, as already mentioned, the findings confirm that the more 

interdisciplinary the approach, the greater the variety of skills that students will develop. Table 2 shows the relationship 

found between the macro-competencies of the twenty-first century – consistent with international frameworks such as 

(Binkley et al., 2012) – and the skills that compose them found in the reviewed literature. This structure facilitates the 

understanding of the impact of the STEAM approach on the integral development of students. 

 

Table 2 Macro competencies grouped based on specific skills (N = 50) 

 

Macro competition Skills  Authors 

Cognitive Critical thinking, problem solving, 

hypothesising, analytical skills, 

informed decisions 

Chía (2023) and Borda Martínez (2021) 

Creative and innovative Original ideas, problem solving, 

openness, exploration 

 

López Rivero (2023), Flores Zaragoza et 

al. (2024), Agudelo Rodríguez & 

González-Reyes, 2024 

Emotional Collaborative work, communication, 

empathy, leadership, group cohesion 

and sense of relevance, capacity for 

dialogue, social sensitivity and 

collective responsibility. 

 

Agudelo Rodríguez & González-Reyes, 

2024 

Digital and interdisciplinary Digital literacy, understanding of 

technological concepts, integration 

of knowledge  

 

Pulido Varela, 2024, Bernal Párraga et 

al., 2024 

Metacognitive Reflection, self-regulation, planning, 

monitoring, self-evaluation 

Arias-De la Cruz & Vergara-Ibarra 

(2023) 

 

When grouping the specific skills into five macro competencies, a clear pattern of predominance of cognitive and 

creative processes is observed. (Banguera Zamora et al., 2024); (Bucio Gutierrez et al., 2024)evidenced, through 

quantitative analysis, that the STEAM approach strengthens technical and cognitive skills in technical high school 

students. The STEAM programs analyzed privilege cognitive competencies demonstrating improvements in critical 

thinking or problem solving. Research such as that of (Chía Fuentes, 2023) and (Borda Martínez, 2021) They describe 

how robotics and design thinking sequences lead students to formulate hypotheses and test them through prototypes, 

strengthening the ability to analyse and make informed decisions. 
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Creativity and innovation feature prominently among the skills promoted by STEAM strategies, (López Rivero, 2023) 

shows how Project-Based Learning (PBL) motivates students to develop original ideas to solve problems close to their 

reality. Similarly, (Flores Zaragoza et al., 2024) They document how creative and unexpected proposals are generated 

when working on biology projects that integrate art and science. This type of challenge encourages not only the 

production of new ideas, but also an attitude of openness and exploration in the face of knowledge (Agudelo Rodríguez 

& González-Reyes, 2024); (Montalvo-Ruíz et al., 2024). These experiences highlight that creativity does not arise 

only from talent, but from methodologies that allow students to experiment, make mistakes and try again. (Rodríguez 

Espinoza & Calderón Aguirre, 2023) illustrate this approach through a system of STEAM projects in Physics, which 

encouraged inquiry, collaborative work and a sustained improvement of learning in high school.  

Socio-emotional competencies are also strengthened, especially when teamwork is promoted in collaborative contexts 

as demonstrated by (Buitrago et al., 2022) . Research such as that of (Agudelo Rodríguez & González-Reyes, 2024) 

they show improvements in skills such as communication, empathy and leadership, within the framework of open and 

flexible STEM projects, they also add how by addressing real problems in the community, students develop greater 

group cohesion and a sense of belonging. These experiences show that STEAM environments not only have an impact 

on academics, but also on the comprehensive training of citizens with the capacity for dialogue, social sensitivity and 

collective responsibility. (Joya Sandoval et al., 2024); (Martín Pérez, 2023) showed that STEAM projects in secondary 

school promoted school transformations and strengthened the scientific vocations of students. 

Similarly, digital and interdisciplinary skills, studies highlight the role of technologies as a means to connect 

knowledge from different areas, (Pulido Varela, 2024) He highlights that, by programming microcontrollers, students 

improve their digital literacy and better understand technological concepts. For its part, (Bernal Párraga et al., 2024); 

(Turriate Guzman & Castillo Perez, 2022) They report that the use of simulation software facilitates the transfer of 

knowledge between subjects such as physics, mathematics and technology. Thus, the STEAM approach is 

consolidated as an effective way to overcome the fragmentation of school knowledge and promote learning applicable 

to real life. 

Although it is rare in similar reviews, metacognitive competencies are also reflected in several studies. For example 

(Arias-De La Cruz & Vergara-Ibarra, 2024) ; (Valdés et al., 2022) They point out that when students manage their 

own projects, they tend to plan better, monitor their progress, and evaluate results critically. These types of skills are 

key to achieving more lasting and transferable learning, although they still need to be incorporated more intentionally 

in STEAM proposals. From a pedagogical perspective, the review shows that this approach is not limited to improving 

grades or specific performances, but also trains autonomous, critical and creative learners. However, it is also clear 

that it is necessary to continue strengthening strategies that make visible the processes of reflection and self-regulation 

in the classroom (Ramos Salcedo, 2024). 

The analysis of the articles demonstrates a convergence between emerging technologies, active methodologies and 

contexts of meaningful learning. Along these lines, (Quiceno Arias, 2017) and (Pelejero-de-Juan, 2018) they point out 

that physical and methodological limitations in official institutions hinder the consolidation of sustainable STEM 

environments. However, this review allows us to evidence structural tensions that limit its effective implementation 

in real scenarios, especially in contexts such as Colombia, since most of the studies reviewed were developed in 

contexts with greater access to technologies and digital environments, which does not reflect the reality of many public 

and rural schools where connectivity gaps,  infrastructure and teacher training are significant. (Masaquiza Pinto, 2025) 

and (Arias-De La Cruz & Vergara-Ibarra, 2024). 

 

CONCLUSIONS 

 

Overall, the results obtained throughout the analysis allow us to clearly answer the first part of the research question. 

Thanks to the systematization carried out, it was possible to identify precisely which are the most common STEAM 

pedagogical strategies and how they are combined in the different studies reviewed. In addition, when observing how 

these strategies are articulated in diverse contexts, it is confirmed that methodologies such as PBL, robotics, 

gamification and the use of digital tools are the most used due to their ability to adapt to real educational needs. This 

thematic identification not only allows for the recognition of trends, but also for the guidance of future evidence-based 

teaching practices. 

On the other hand, by classifying and analysing the skills developed in each intervention, grouping them into macro-

competences (cognitive, creative, digital, social and metacognitive), the second part of the research question is 

answered. This highlights the positive impact these strategies have on students' critical thinking, creativity, 

collaboration, and digital literacy. The body of findings was consolidated into a solid and organized evidence base. 
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Based on this study, it is recommended to foster greater curricular flexibility and promote interdisciplinary approaches 

that facilitate the effective implementation of the STEAM approach, allowing students and teachers to fully experience 

its benefits. 

Finally, future research should focus on less advantaged educational contexts and on evaluating the long-term impact 

of STEAM strategies. It is also necessary to deepen specific teacher training in active methodologies, to guarantee 

effective and sustainable integration in various educational scenarios. 
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