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Abstract  

The development of the so-called 21st century skills is currently mentioned as one of 

the key objectives that education systems must achieve throughout the world, so that 

citizens as a whole can adapt adequately to the labor market and in general, to the future 

society. The purpose of this review is, given the explosive and growing interest in this 

topic, to identify the various definitions of the skills of the 21st century and then to 

recognize the relationships that can be found between these skills and STEAM learning 

environments, which recently have been proposed as suitable scenarios for developing 

them. The study was developed as a systematic literature review based on abstracting 

and in-depth reading of 153 scientific articles published in journals indexed in Scopus 

and Scielo. The results of the study suggest that, in order to guide the development of 

21st century skills, it is convenient to consider when designing STEAM learning 

environments, issues such as the change in the assessment towards a more formative 

experience, the inclusion of collaborative and social environments, the use of research-

based learning strategies and gamification and games, among others.  

Keywords: 21st century skills, STEAM learning environments, gamification, 

formative assessment, research-based learning. 

 

Resumen 

El desarrollo de las habilidades del siglo XXI se menciona actualmente como uno de 

los objetivos clave que deben alcanzar los sistemas educativos en todo el mundo, para 

que los ciudadanos en su conjunto puedan adaptarse adecuadamente al mercado laboral 

y en general, a la sociedad del futuro. El propósito de esta revisión es, dado el explosivo 

y creciente interés en este tema, identificar las diversas definiciones de las llamadas 

habilidades del siglo XXI para luego reconocer las relaciones que se puedan encontrar 

entre estas habilidades y los entornos de aprendizaje STEAM, los cuales recientemente 

han sido propuestos como escenarios capaces de desarrollarlas. El estudio se desarrolló 

como una revisión sistemática de literatura a partir de procesos de abstracting y lectura 

en profundidad de 153 artículos científicos publicados en revistas indexadas en Scopus 

y Scielo. Los resultados del estudio sugieren que, para conducir el desarrollo de las 

habilidades del siglo XXI, conviene tener en cuenta al momento de diseñar entornos de 

aprendizaje STEAM, asuntos como el cambio en la evaluación hacia una experiencia 

más formativa, la inclusión de ambientes colaborativos y sociales, la aplicación de 
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estrategias de aprendizaje basadas en la investigación y la gamificación y el juego, entre 

otras. 

Palabras clave: Habilidades del siglo XXI, entornos de aprendizaje STEAM, 

gamificación, evaluación formativa, aprendizaje basado en investigación. 

 

1. Introduction  
 

The current society, characterized by some as the "society of information and knowledge" 

(Grijalva & Tapia, 2018; Rončević & Tomšić, 2017), has had as its main source of 

momentum the evolution of Information and Communication Technologies (ICT). As 

mentioned by Feshina, Konovalova & Sinyavsky (2019), as a result of this evolution, in 

recent years has been configured what is understood as the “fourth industrial revolution” also 

known as “Industry 4.0”, which has generated a new and growing space of professional 

performance composed by new industries that require the development of new competencies 

usually linked with tasks or jobs related to the evolution of the technological state-of-the-art 

(Gowripeddi et al., 2021; Koul & Nayar, 2021). 

 

The demand for professionals with differentiated capabilities in the area of the technological 

application occurs mainly in industries that increasingly become important in our world such 

as video games, artificial intelligence, computer graphics, virtual reality, augmented reality, 

Big Data, Cloud computing, 3D printing, collaborative tools, robotics, among others (Feshina 

et al., 2019).  However, the development of technological and digital skills in almost all work 

areas today has begun to be identified as a differential and competitive factor, both for 

experienced workers and for those who are just starting their working life. 

 

In this context, a structural category is revealed that allows us to have a better understanding 

of this phenomenon: 21st-century skills. This category tries to encompass those skills that 

feel inherent to our century and that seem to be part of the "zeitgeist", in other words, the 

spirit of this time. 

 

In this regard, it is worth mentioning the importance that this issue has been receiving in the 

academic community, especially in the last decade, which can be seen in Figure 1, which 

shows the evolution in the generation of publications on "21st-century skills "or" 21st-

century competencies", in journals indexed in Scopus. However, in the literature "skills" and 

"competencies" are named with some degree of equivalence, we have recognized the 

relevance of advancing the study of the term "skills", since the competences make up a more 

complex set that articulates different abilities, with knowledge and ethical and moral values 

(De Vos et al, 2015). In that sense, it is more consistent for this review to focus on 21st 

century skills. 
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Figure1: Articles published about 21st-century skills in Scopus. Source: own elaboration based on Scopus data 

 

This seems to be a fairly accurate gauge of the temperature of the relevance of this topic in 

the field of current education. Articles about the future of the professions hardly avoid 

mentioning the need to develop such skills that will support the good performance of future 

professionals or those who are currently active in the labor market (Brown III, 2019).   

 

As an emerging and growing issue, it is normal to present various conceptualizations about 

21st-century skills. Some organizations, including  P21 (2020), OECD (2010) and Delors 

(1998), refer to these skills linked to the development of creativity, collaboration, 

communication, critical thinking, and problem-solving, in addition to digital literacy and 

computational thinking (Tabesh, 2017; Zapata-Ros, 2019). In this regard, Woolf, Lane, 

Chaudhri & Kolodner (2013) indicate that 21st-century skills are grouped into three 

categories: cognitive, intrapersonal and interpersonal and that are developed preferably 

within the framework of digital ecosystems of human interaction or where such interactions 

are carried out with ICT support. 

 

Within the framework of the development of Industry 4.0, not only the 21st-century skills 

stand out as a topic of special relevance, but also the term "STEAM" arises, as a content 

structure that is recognized as having a high affinity not only with educational expectations 

for the 21st-century (Ge et al., 2015), but with the development of 21st-century skills 

(Hadinugrahaningsih et al., 2017; Sanabria, 2017). According to Kwon et al, (2011), STEAM 

is a modification of an integrating curricular concept previously coined as "STEM" (Science, 

Technology, Engineering, and Mathematics), to which the "A" of Arts has been added. 
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One of the characteristics of the STEAM educational environments has to do with a notable 

emphasis on the interdisciplinary and even transdisciplinary approach to learning (Eleni & 

Fotini, 2018). Such a perspective, added to the approaches of problem-based and project-

based learning that characterize STEAM education, are recognized as being related to the 

very nature of 21st century skills, which is presumed, since the literature on the subject is not 

very abundant nor conclusively, that STEAM environments seem to be one of the best ways 

to develop 21st century skills. 

 

Facing such uncertainty and recognizing the importance of this issue for current education, a 

systematic literature review has been carried out on studies conducted on 21st-century skills, 

with the purpose of identifying some of its aspects that allow inferring the relevance of 

STEAM environments as enabling environments for their development. 

  

2. Method 
 

The review was conducted from the stages originally proposed by Kitchenham and Charters 

(2007) and later revisited by other researchers such as Clear (2015) or López, Méndez, Paz 

& Arboleda (2016). According to them, the stages have been synthesized and grouped into 

3 major phases: Planning of the review, conducting the review and disseminate of the 

review’s results, as shown in Figure 2: 
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Figure 2: Review method. Source: own elaboration  

 

2.1 Planning the review 
 

As part of this first phase, the purpose for the review was established focused on identifying 

main key factors for developing 21st-century skills and find out if STEAM as a learning 

environment was one of the best ways to develop such skills. 

 

For this purpose, three guiding questions were defined: How consistent are the 

conceptualizations about 21st-century skills? How are 21st-century skills developed? and 

finally, can they be developed through a STEAM learning environment? 

 

In order to address these questions, a string of searching keywords or descriptors was defined 

like this: ("21st-century skills") OR ("twenty-first-century skills") which was applied in 

Scopus and Scielo, which are databases that provide high-quality sources and coverage in 

English, Portuguese and Spanish. 

 

After these steps, inclusion and exclusion criteria were established, mainly with the purpose 

of filtering results previously to start the in-depth reading process. Regarding this, only 
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documents which presented research results about 21st-century skills from 1998 to 2019 were 

considered for abstracting and further reading. 

 

 

2.2 Conducting the review 

 
An initial search in databases including title, keywords, and abstract obtained a total of 1358 

results. Then, a “document type” first filter was applied reducing the set of results to 692 

articles and “articles in press”. In order to reduce this set of documents for better handling, a 

representative sample (95% reliability - 7% error) was found obtaining a final set of 

documents of 153 items. 

 

The applying of inclusion/exclusion criteria was conducted through a process of abstracting, 

in which the subsets of documents by year were ordered in an ascending way by the number 

of citations. Reading the abstract of each document was used as a means to verify that the 

articles were really relevant by presenting research results or definitions related to the “21st-

century skills”.  

 

The next process after abstracting was the in-depth reading in which the extraction of data 

took place and the approach to identify relevant definitions and mentions started. For this 

purpose, a documentation matrix was created for including information related with the 

guiding questions: conceptualizations, definitions and key factors for 21st-century skills 

development. Notes and citations of the articles were also included in the matrix in order to 

facilitate the retrieval of information related to our search. The final set of documents for in-

depth reading was composed chronologically as shown in Figure 3. 
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Figure 3: Representative sample for in-depth reading. Source: own elaboration based on Scopus data 

 

2.3 Disseminate of the review’s results 

 
In this final phase, data analysis and interpretation were considered following by the writing 

of findings and conclusions. In detail, data was grouped, categorized and also processed 

through basic statistical and frequency analysis. 

 

Final analysis and interpretation of data was conducted by two different observers in order 

to properly manage the viewer’s biases. For this purpose, a Cohen´s Kappa coefficient was 

applied (k=0,607) for 153 reviewed items, which according to Tang et al. (2015), is 

recognized as an adequate level of inter-rater analysis. 

 

  

3. Results  
 

3.1 Bibliometric results 

 
The results show a homogeneous approach regarding the contribution of the journals to this 

review with a total number of 105 journals with an average of 1,48 articles per journal. The 

quality of the sources consulted is indicated in Table 1, which shows the top 10 of the 

journals that have contributed the most articles to the review as part of the consultation in 
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Scopus. The quality of these sources is shown based on their impact factor and location in 

the SJR quartiles (Scimago Journal Ranking). 

 

 

 

 
Table 1: List of the Top 10 indexed journals with the greatest contribution to the review (Scopus). 

 

Journal % SJR ImpFactr SJR quartile 

Thinking Skills and Creativity 4,49% 0,677 Q1 

Computers and Education 3,85% 2,323 Q1 

Education and Information Technologies 3,21% 0,598 Q1 

Journal of Research on Technology in 

Education 

3,21% 0,807 Q1 

TechTrends 2,56% 0,448 Q2 

Australasian Journal of Educational 

Technology 

1,92% 0,721 Q1 

Computers in the Schools 1,92% 0,389 Q1 

Educational Technology and Society 1,92% 1,085 Q1 

IEEE Engineering Management Review 1,92% 0,132 Q4 

Journal of Educational Change 1,92% 1,175 Q1 

Source: own elaboration based on Scopus data 

 

3.2 Overall results 

 
The purpose of this paper is to verify studies and experiences around the development of 

21st-century skills. As such we came down to the questions: How consistent are the 

conceptualizations about 21st-century skills? and How can we best develop 21st-century 

skills? The answers according to the seen literature are not easy ones. 

 

First of all, not many of the articles that were read define the 21st-century skills deeply. 

Generally, they mention them as if they were very clear and well known by everyone while 

the truth is that it can be very confusing. Authors care more about one or another specificity 

of the broad range of competencies that can be considered as a 21st-century skill so that they 
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could talk about the development of that specific feature through a certain technique - as 

gaming, mobile learning or robotics, flipped classroom for example: O'Flaherty and Phillips 

(2015), Gerber and Scott (2011), Eguchi (2016); O'Bannon and Thomas (2014). 

 

Some authors agree to call these set of skills as higher-order thinking skills and complex 

thinking skills (Saavedra & Opfer, 2012) because of the complexity and thinking processes 

it takes to reach the invention of a new device for solving a practical problem for example. 

 

The 21st-century skills concept even appears as a keyword for some articles that never 

mention it within its text (O’Bannon & Thomas, 2014, 2015; Thomas et al., 2014). Such 

occurrence gives the sense of importance the theme has nowadays that even not being part 

of the body of the text it is a must to have those concepts in mind when writing a relevant 

and current article. 

 

Our research has also found the lack of abundance and difficulty of assessing and measuring 

the 21st-century skills whichever they can be. Not many authors work the issue and very few 

give tools and options to deal with it. According to Reynolds (2016), we can more easily 

assess reading literacy, collaboration, information literacy, information technology literacy 

and media literacy, therefore, they don’t consider the other suggested skills for measuring as 

said by Chu et al (2017).  

 

The ISTE (International Society for Technology in Education), in special, mentions 

Computational Thinking (CT) for the problem-solving skill; understanding it as a way of 

dealing with diverse situations and finding solutions through the following: Problem 

decomposition, recognizing patterns, using abstractions to represent data and automating 

solutions through algorithms (ISTE, 2016). 

 

Some of the articles that appeared as result using Scopus when searching for the aforesaid 

expression just mention the 21st Century Skills as any skills the authors think the citizens 

ought to need to fully engage in the current century. That creates a bit of confusion and 

misunderstanding on what they refer as such - e.g. Osher et al (2016), Vreeburg Izzo et al 

(2010), Greenhow (2009) and Dede (2000). 

 

The definition of the term 21st-century skills is currently very difficult to make as many 

authors, governments and organizations have been using the term indistinctively to refer to 

whatever they think it is proper to call as such. However, with starting points as the first 

institutions to name determined competencies and skills like the ones needed to be 

successfully part of the workforce and citizen of the new century as the aforesaid P21 

(Partnership for 21st Century Skills), OCDE, ATCS21s, ISTE, and UNESCO (Care, Scoular 

& Griffin, 2016). For these entities, the main competencies or skills are technological fluency 

(National Research Council, 1999), innovation, communication and collaboration, research 

and information fluency, problem‐solving (Sanabria Zafra et al., 2020), and digital 

citizenship (Greenhow & Robelia, 2009).  
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Initially the p21 project defined the 21st century skills in 3 categories (Digital literacy, Carrer 

and Life and 4C’s): Collaboration, Communication, Critical thinking and Creativity. Later, 

that was amplified to 7C. Critical thinking and problem solving, Creativity and innovation 

Cross-cultural understanding, Communications, information, and media literacy, Computing 

and ICT literacy, Career and learning self-reliance as said by Trilling and Fadel (2009). 

 

 

3.3 Concepts related to 21st century skills 

 
How consistent are the conceptualizations about 21st-century skills?   

It is found that some authors, organizations and governments that may call indistinctly skills 

and competences. The OCDE included both in the study of the needs of the 21st century and 

defined the difference that can be found in many sources: competence is bigger than skill in 

the sense that it is compounded of cognitive elements, technical skills, and interpersonal 

attributes being used in a specific context to solve a precise situation while skill is the 

capability to solve problems and perform tasks (OCDE, 2010).  

 

ISTE defines their standards of the today’s students based on the needs seen by this 

organization that sets the foreseen future of education and for this future is needed that the 

students are empowered learners, digital citizens, constructors of the knowledge, innovative 

designers, computational thinkers, creative communicators and global collaborators. These 

are somehow coincident with other definitions and nomenclatures given but with the same 

ideas where the students must be active in the learning process, independent, free to build 

their own knowledge and make meaningful learning experiences. 

 

One of the main studies on the subject and cited by many of the articles seen here is of 

Binkley et al (2012) which is based amongst others in the core project ATC21S that is per se 

one of the pioneers in the definition of such skills together with UNESCO, OECD and ISTE. 

The article seems to be the main source of definitions of the 21st-century skills for articles 

that resulted in our research: e.g. Niemi and Multisita (2016), Qian and Clark (2016), 

Redecker and Johannessen (2013), Wilson et al. (2015), Ras et al. (2014) and Van Laar, Van 

Deursen, Van Dijk and De Haan (2017). 

 

 

3.4 Development of 21st Century skills 

 
How are 21st-century skills developed?  

Almost all studies that mention 21st-century skills are trying to give a recipe to develop these 

competencies but very few of them specify what exactly they refer to as being the 21st 

century skills. It is a very generic term that is taken as something everyone can understand 

as a set of skills needed to succeed in the current century.  

Of the articles reviewed, 15% made no mention of the ways in which it was possible to 

strengthen the skills of the 21st century. From the rest of the articles, 28 different ways of 
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doing it were identified, although it should be mentioned that several of them have 

similarities or very close relationships with others. Figure 4 shows those that exceeded 1.5% 

of the total identified, among which are:  with 12,2%, the assessment change to formative 

(Sahlberg, 2011), with 11,6% the collaborative and social environments (Kale & Goh, 2014), 

9,1% for research and inquiry-based learning (Wright & Lee, 2014), 8,5% for gamification 

and gaming (Kingsley & Grabner-Hagen, 2015; Gerber & Scott, 2011) as well as online 

communities of practice (Dede, 2000; Wright & Lee, 2014), 7,9% for social networking 

(Black, 2009), 5,5% for Mobile learning (Zheng et al., 2016), 3,0% for goal-oriented learning 

(Anderman, Sinatra & Gray, 2012), interactive web content (van Laar et al., 2017) and 

situated learning (Pazey et al., 2016) , 2,4% for challenge-based experiential learning (Parker 

et al., 2013), cross-discipline learning (Saavedra & Opfer, 2012), learning analytics (Gobert 

et al., 2015), STEM learning environments (Eguchi, 2016; Jang, 2016; Unfried et al., 2015; 

Sahin, Gulacar & Stuessy, 2015) and 1,8% for robotics (Eguchi, 2016).  

 

 
Figure 4: ways to foster 21st Century skills. Source: own elaboration. 

 

The rest of the results show a lower participation in relation to the total, among which are: 

with 1.2% the authentic learning (Putnam et al., 2016), entrepreneurship (Zhao, 2015), 

flipped classroom (Hodges & Weber, 2015) and self-directed learning (Bullock, 2013). 

Finally, with 0.6% each one, we found affective and social approach to learning (Tan, 

2016), computational thinking (Zapata-Ros, 2019), cross-cultural learning (Ghaith, 2010), 

digital storytelling (Niemi & Multisilta, 2016), internet-enabled services (Kong, Chan, 

Griffin, Hoppe, Huang, Kinshuk, Looi, Milrad, Norris & Nussbaum, 2014), mastery 

learning (Anderman et al., 2012) and job-study environments (Jang, 2016).  
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3.5 Relation between 21st-century skills and STEAM  

 
STEAM education or STEAM learning environments are not easy defining because many 

authors characterize them differently. Predominantly we see that is agreed upon the original 

concept of STEM (content and careers) as said by Unfried at al. (2015), but there is some 

controversy on the meaning or representation that the “A” stands for. Primarily it stands for 

Arts as the creative bit but it does not mean the other subjects lack creative thinking or 

creative problem-solving (Perignat & Katz-Buonincontro, 2019; Grecca et al. 2021; Leroy & 

Romero, 2021; Hsiao & Su, 2021).  

 

On one hand, STEAM learning environments is understood like the environment that 

combines the application of  PBL (both project-based learning or Problem-based Learning) 

strategy, or other constructivist or progressive strategy where students are the active subjects 

of their learning, with a mix of at least 2 out of the 4 four possible variables from STEAM 

and with that build up a problem or set an objective that would conjugate diverse knowledge 

and result in the construction of new knowledge for the students (Perignat & Katz-

Buonincontro, 2018). Students as said by John Dewey should face real-world problems under 

the supervision/guidance of a tutor and through the PBL (Project-based learning) method 

first worked by William Kilpatrick solve those problems. “In classrooms, students should be 

motivated to solve integrated, interdisciplinary  sets of complex problems  collaboratively  

using  critical  thinking  and  knowledge  of  STEM  disciplines” (Jang, 2016). 

 

Can the 21st century skills be developed through a STEAM learning environment?  

 

Despite the fact that, as mentioned above, very few studies directly mention STEM (or 

STEAM) environments as suitable settings to develop 21st century skills, also we found that 

most studies relate some of the STEAM components with the development of these skills 

compelling us to affirm positively to the question. 

 

In this sense, some studies are focused in developing of critical thinking and problem solving, 

mainly through Project-based Learning (PBL) and associated with the engineering and math 

components of STEAM. Those studies are: (McCreery et al., 2011), (Woolf et al., 2013), 

(Gerber & Scott, 2011), (Sahin et al., 2015), (Ras et al., 2014), (Siddiq et al., 2017), (Ahonen 

& Kinnunen, 2015), (Seifert, 2015), (Wilson et al., 2015) and (Redecker & Johannessen, 

2013). 

 

On the other hand, regarding creativity, innovation, adaptability, ingenuity, curiosity and 

imagination, other studies as (Woolf et al., 2013), (Reese, 2015), (Sahin et al., 2015), (Ras et 

al., 2014), (Siddiq et al., 2017), (Ahonen & Kinnunen, 2015), (Wilson et al., 2015) and 

(Redecker & Johannessen, 2013), are focused in the “Art” component of STEAM 

environments. 

 

Continuing with the analysis, (Woolf et al., 2013), (Reese, 2015), (Sahin et al., 2015), (Ras 



RED. Revista de Educación a Distancia. Núm. 66, Vol. 21. Artíc. 9, 30-Nov -2021 

DOI: http://dx.doi.org/10.6018/red.470461 

 

 

 

21st-century skills and STEAM learning environments: a review. Wilson Krüger y Andrés Chiappe.   

Página 13 de 22 

 

et al., 2014), (Siddiq et al., 2017), (Ahonen & Kinnunen, 2015), (Jang, 2016), (McCreery et 

al., 2011), (Anderman et al., 2012), (Seifert, 2015) and (Wilson et al., 2015), through student-

centered class techniques or methods, focus their studies on Communication, mainly in active 

listening, speaking, writing effective oral and written communication. 

 

Regarding Collaboration (and adaptability), social perceptiveness and collaborative problem 

solving, (Jang, 2016), (Häkkinen et al., 2017), (Care et al., 2016), (McCreery et al., 2011), 

(Anderman et al., 2012), (Sahin et al., 2015), (Ras et al., 2014), (Siddiq et al., 2017), (Ahonen 

& Kinnunen, 2015), (Seifert, 2015), (Niemi & Multisilta, 2016) and (Redecker & 

Johannessen, 2013) focus their estudies on group and team work, basically through PBL 

(project based learning). 

 

In relation to Creative non-routine problem-solving, some studies as (Jang, 2016), (Woolf et 

al., 2013), (Anderman et al., 2012), (Sahin et al., 2015) and (Ras et al., 2014), address the 

science, engineering and technology components of STEAM. 

 

In addition to the above, (Ras et al., 2014), (Jang, 2016), (Yadav et al., 2016), (Woolf et al., 

2013), (Anderman et al., 2012), and (Zapata-Ros, 2019), highlight the importance of the 

“science”, “engineering” and “technology” components of STEAM and associate them 

mainly with systems and computational thinking and decision making. 

 

Regarding self-management/development, active  learning, time  management and lifelong 

learning, (Jang, 2016), (Häkkinen et al., 2017), (Niemi & Multisilta, 2016), (Woolf et al., 

2013), (Reese, 2015), (Anderman et al., 2012), (Sahin et al., 2015), (Ras et al., 2014), (Wilson 

et al., 2015), (Siddiq et al., 2017) and (Redecker & Johannessen, 2013), make special 

emphasis in the combination of PBL (project based learning) and student-centered class 

techniques as the way to strengthen these 21st century skills. 

 

Finally, (Niemi & Multisilta, 2016), (Siddiq et al., 2017), (Ahonen & Kinnunen, 2015), 

(Wilson et al., 2015), associates ICT and digital literacy development with the technology 

component of STEAM environments, while (Woolf et al., 2013), (Sahin et al., 2015), 

(Wilson et al., 2015), (Redecker & Johannessen, 2013) and (Reese, 2015) focus their studies 

on science, art and technology regarding information literacy, accessing and analyzing data, 

leadership, risk-taking, initiative and entrepreneurialism and cultural and global awareness. 

 

 

4. Discussion  
 

The STEM movement appeared from the present and moreover the future “shortage of STEM 

workers” (National Research Council, 2011); furthermore, the definition of leadership in 

areas as energy, health, environmental protection, and national security and therefore the 

need to adapt the education in order to fuflil these positions (Jang, 2016); the final proposition 

of the whole movement is to generate competent well-prepared engineers for the difficult 

task of working with the ever-changing technology for the industry and new ICT branches. 
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In primary or secundary school  we should try the “true  STEM  education (that)  should  

increase students understanding of how things work and improve their use of technologies” 

(Bybee, 2010). 

 

The immediate reason we see an increasing interest on STEAM education development in 

schools is that "Workers with science, technology, engineering, and math (STEM) skills and 

competencies are in demand in the United States (Carnevale et al., 2011) and around the 

world, and researchers and economists predict that this demand will continue for years to 

come (Unfried et al., 2015).  

 

That moves the market towards a new trend and countries all over the world start being aware 

of it and follow the same trend. The worker and citizen of our time should have both hard 

and soft skills. Develop their subject knowledge - desirebly in STEAM - and their notorious 

21st-century skills. They go hand in hand towards the new age worker and citizen.  

 

The “entry into Science, Technology, Engineering, and Mathematics careers is often 

determined by children and adolescents’ experiences with science” (Anderman et al., 2012). 

 

The STEM movement appeared from the present and moreover the future “shortage of STEM 

workers” (National Research Council, 2011); furthermore, the definition of leadership in 

areas as energy, health, environmental protection, and national security and therefore the 

need to adapt the education in order to fuflil these positions (Jang, 2016); the final proposition 

of the whole movement is to generate competent well-prepared engineers for the difficult 

task of working with the ever-changing technology for the industry and new ICT branches. 

In primary or secundary school  we should try the “true  STEM  education (that)  should  

increase students understanding of how things work and improve their use of technologies.” 

(Bybee, 2010). 

 

With foundations on the Delors report for UNESCO in 1996 referring to the skills needed to 

face the 21st century society and work market. Despite the discourse about the need of the 

“society” in the new era of knowledge of citizens with contemporary abilities to face modern 

challenges we see the urge of fulfilling the profiles emerged from the industry 4.0, industry 

automation, computer science and engineering and others like the thriving ICT industry. That 

is almost the same origin of the incentive demanded by the economy for STEM workers as 

we face a shortage of engineers and other related professionals. 

 

Another actor that has played an important role in defining the skills needed in the current 

and future education is the ISTE-NETS. Starting to set their vision on the matter in 2007, 

today they define their standards for students as: Empowered Learner, Digital Citizen, 

Knowledge Constructor, Innovative Designer, Computational Thinker, Creative 

Communicator and Global Collaborator. These are very ambitious concepts and seem to 

cover a whole lot not to say a great number of very different dimensions as says the ISTE. 
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The so-called 21st-century skills are not new in History, - their intentional development to 

everyone through the educational system in recent years is new (Rotherham & Willingham, 

2009); the idea that one should know a bit of everything and be able to integrate the 

knowledge is also as old as great thinkers that would make great inventions, discoveries, 

pieces of art and so on. Just to mention some names of more recent times we could remember 

of Leonardo Da Vinci, Nikola Tesla, Benjamin Franklin, Santos-Dumont, Guglielmo 

Marconi, James Watt amongst many others transdisciplinary minds.  

 

During the industrial era and until not long ago, an age of hyper-specialization, when the best 

thing the worker could do was to get a very specific knowledge in order to be the only one 

able to perform a certain task, was set. 

 

The difference nowadays is that the ever-changing economy (and at some extent the society) 

demands a different kind of citizen and worker instead of a specialized one who manages to 

see the big picture, relate things, collaborate, criticize, produce, create, perform mental 

processes that the machine still cannot do (at least not well).  

 

The idea of this work is not to establish whether the curriculum as we know right now should 

disappear or be relegated to a secondary role in education. It is rather about the inclusion of 

the meta-curriculum and meta-knowledge (Scott, 2015) called 21st-century skills and the 

possibility of reaching these competences and skills through an emergent vision of STEAM 

education. So, we would use both the subject curriculum and the STEAM subjects 

intertwined with the assurance of empowering people with the modern but not new 

competences and skills necessary for the 21st century citizen according to the forecast done 

so far. As Resnick (2010) says “[...] thinking abilities have to develop in the course of 

reasoning about specific information and knowledge.” That idea is complemented by Kong 

et al. (2014) when they talk about the assessment of those: “The assessment of 21st century 

skills should therefore be linked with the assessment of domain knowledge, so that teachers 

can better understand the interrelationship between learners’ gains in these two types of 

learning outcomes."  

 

There are certain authors that are convinced about the openness and incertitude of these 

competences and skills of the 21st-century as concept. “While there is no single definitive 

list of these skills, most lists focus on expanding traditional concepts of knowledge, skills, 

and abilities to encompass concepts such as critical and innovative thinking, systems-

thinking, interpersonal communication and collaboration skills, digital networking and 

operation skills, intra- and intercultural awareness and identity, and cross-cultural 

sensibility." We would like to highlight the coincidence of some of the most mentioned 

interpersonal communication and collaboration skills (Rupp et al., 2010). 

 

The need for more students and future professionals in the STEM areas was determined and 

pointed out by former President Obama in 2009. Although many efforts have been made 

throughout the world it seems that we still don’t understand well the importance of such 

careers for the future of science, industry and society as a whole. Furthermore, this is not an 
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over discussed issue in our education and should be more often related as STEAM education 

for enabling STEM students equipped with all the 21-st century skills needed for our current 

and future careers. 
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