Teifo /s

Linguagem e Tecnologia

DOI: 10.1590,/1983-
3652.2023.44946

Session:
Articles

Corresponding author:
Jefferson Rodrigues-Silva

Section Editor:
Daniervelin Pereira
Layout editor:
Thais Coutinho

Received on:
March 1, 2023
Accepted on:
April 20, 2023
Published on:
August 2, 2023

This work is licensed under a
“CC BY 4.0" license.
@®

Conceptualising and framing STEAM
education: what is (and what is not) this

educational approach?
Conceitualizacdo e modelo da educacdo STEAM: o que é (e o
que ndo é) essa abordagem educacional?

+2

Jefferson Rodrigues-Silva (9*! and Angel Alsina

I Federal Institute of Minas Gerais, Department of Mechanical Engineering, Arcos, Minas Gerais,
Brazil.
2University of Girona, Department of Subject-Specific Didactics, Girona, Catalonia, Spain.

Abstract

STEAM is a recent educational approach intending the interdisciplinary teaching of science, technology,
engineering, arts/humanities, and mathematics. The literature reports conceptual confusion that frequently
diverts STEAM practice and research to issues concerning particular activities or contexts. Therefore, we
carried out a narrative review of articles indexed in the Web of Science (WoS) to elucidate STEAM education’s
history, epistemology, and divergences. As a strategy, we first focused on documents that could offer a
panoramic view of the object of study — literature reviews and articles about STEAM frameworks. Through
them, we identified essential discussion points and further expanded the review. As a result, we articulated
rationalities about why STEAM is not a mere evolution of STEM, a teaching methodology, or just a synonym
for interdisciplinarity. Furthermore, we discussed the appropriateness of interdisciplinarity in STEAM — since
it is strongly supported by the disciplines and their intersections — instead of pursuing transdisciplinarity,
meaning knowledge remains undefined in a holistic whole. We differentiated STEAM disciplines (list of the
five knowledge areas), STEAM activities (interdisciplinary teaching unity of at least two STEAM disciplines),
and STEAM education (educational approach of interdisciplinarity between all five disciplines). Finally, we
defined and proposed a framework for STEAM in a table format that stresses two necessary and sufficient
conditions — interdisciplinarity and the five acronym areas. The framework permits envisioning the plurality
of teaching methodologies and educational objectives consistent with STEAM.

Keywords: Educational models. Integrated curriculum. Interdisciplinary approach.

Resumo

STEAM é uma abordagem educacional recente que visa o ensino interdisciplinar de ciéncia, tecnologia, enge-
nharia, artes/humanidades e matematica. A literatura relata confusdo conceitual que frequentemente desvia
a prética e a pesquisa de STEAM para quest&es relacionadas a atividades ou contextos especificos. Portanto,
realizamos uma revisdo narrativa de artigos indexados em Web of Science (WoS) para elucidar a histéria,
epistemologia e divergéncias da educagdo STEAM. Como estratégia, primeiro nos centramos em documen-
tos que pudessem oferecer uma visdo panordmica do objeto de estudo — revisdes da literatura e artigos que
discutem modelos tedricos de STEAM. Identificamos juncSes essenciais de discussdo e expandimos a revisdo.
Articulamos racionalidades sobre por que STEAM n&o é uma evolugdo do STEM, uma metodologia de ensino
ou um sinénimo de interdisciplinaridade. Além disso, discutimos a adequacdo da interdisciplinaridade em
STEAM, que é fortemente apoiada pelas disciplinas e suas interseces; em vez da transdisciplinaridade, em
que o conhecimento permanece difuso dentro de um todo holistico. Diferenciamos os conceitos disciplinas
STEAM (lista das cinco areas de conhecimento), atividades STEAM (unidade de ensino interdisciplinar de
pelo menos duas disciplinas STEAM) e a educacdo STEAM (abordagem educacional de interdisciplinaridade
entre todas as cinco disciplinas). Finalmente, definimos e propusemos um modelo para STEAM em formato de
mesa que destaca duas condicGes necessarias e suficientes — interdisciplinaridade e as cinco areas do acrénimo.
O modelo permite visualizar a pluralidade de metodologias de ensino e objetivos educacionais consistentes
com STEAM.

Palavras-chave: Modelos educacionais. Curriculo integrado. Abordagem interdisciplinar.
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1 Introduction
Interdisciplinarity pedagogies have been advocated through the rationality that siloed knowledge can-
not address complex and global issues (PERIGNAT; KATZ-BUONINCONTRO, 2019). Following this,
the United States of America (USA) forged the acronym STEM in the 90s, referring to the integra-
tion of science, technology, engineering, and mathematics. Alternatively, STEAM emerged, consid-
ering science, technology, engineering, arts/humanities, and mathematics (CHESKY; WOLFMEYER,
2015).

Since their formalisation, STEM and STEAM have progressed in research and practice as inter-
disciplinary approaches between the areas circumscribed in each acronym. They incorporate current
critical knowledge, such as technology and engineering, traditionally absent from pre-college levels.
Bibliometric studies confirm they have advanced as research lines in education (MARIN-MARIN et
al.,, 2021). Several countries, e.g., the USA, Korea, and Spain, have embraced them in their cur-
riculums (KOFAC, 2013; MEFP, 2022; NGSS, 2013). The literature reports experiences in STEM
or STEAM that mention successful outcomes in integrating knowledge areas and developing sustain-
able concerns such as environmental protection, food literacy, and gender equity (COSTA-LIZAMA
et al., 2022; SILVA-HORMAZABAL; RODRIGUES-SILVA; ALSINA, 2022; STEPHENSON; FLEER;
FRAGKIADAKI, 2022).

Despite the enthusiasm, STEM and STEAM face criticism and epistemological divergences. The
bifurcation of the acronyms itself signals those divergencies. STEM and STEAM represent contrary
lines of narrowing the curriculum into technical areas or broadening it with arts and humanities. In
the first direction, researchers defend that the expansion of STEM weakens the coherence of technical
areas (CLEMENTS; SARAMA, 2021). Contrarily, other researchers intend to broaden the curriculum
through the non-exclusion of arts and humanities. The latter propose STEAM precisely to prevent
the concentration or privilege of technical areas (PERIGNAT; KATZ-BUONINCONTRO, 2019).

Specifically addressing STEAM, this educational approach is embedded in contemporary educa-
tional research and practice tendencies. For instance, STEAM is predominantly oriented toward the
socio-constructivist paradigm and claims configurations such as active, collaborative, authentic, and
meaningful learning (SCHLESINGER et al., 2020). Practitioners frequently adopt active teaching
methodologies such as Project-Based Learning (PjBL), Problem-Based Learning (PBL), and games
(AGUILERA; ORTIZ-REVILLA, 2021).

Literature reviews have focused on specific characteristics and contexts of STEAM, such as inter-
twined with playful learning or in Early Childhood Education for Sustainability (ECEfS) (RODRIGUES-
SILVA; ALSINA, 2022b, 2023a). Meanwhile, there is a conceptual misunderstanding of what is es-
sential in STEAM. In this vein, some studies propose frameworks for STEAM, but they incorporate
features that restrict it to particularities of some educational settings, teaching methodologies, and
contexts. There is a literature gap in a broader reflection on the distinctiveness of STEAM: what
differentiates STEAM from a mere synonym of interdisciplinarity; what differentiates mentioning
STEAM disciplines from single STEAM activities or the whole STEAM education.

Considering all that, we inquire — what is (and what is not) STEAM education. At the same
time, we address the literature gap for comprehensive reviews and non-restrictive frameworks of
STEAM. Accordingly, we aim to elucidate STEAM education’s history, epistemology, and divergences.
Following, we pursue defining it and present a framework focusing on STEAM'’s essential aspects.

2 Methodology
Reviews can be systematic or unsystematic — also called narrative reviews. Each type of review
presents advantages and limitations. Complementarly, they help make sense of the increasing volume
of original publications (FERRARI, 2015).

Systematic reviews follow strict protocols that enhance research reproducibility and reduce po-
tential bias. On the other hand, systematisation requires more focused scopes to make the research
process well-informed. Differently, narrative reviews have methodological flexibility that permits ad-
dressing more extensive scopes (BYRNE, 2016). Narrative reviews include data synthesis and critical
appraisal (BYRNE, 2016). This type of qualitative research fosters debate and provides epistemologi-
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cal clarifications. It is proper to address subjects with divergent discourses and theoretical orientations
(GREEN; JOHNSON; ADAMS, 2006).

Accordingly, we developed a narrative review because the research goal embraces the breadth
of STEAM education instead of focusing on specific topics circumscribed in STEAM education.
Conscious that narrative reviews may limit research reproducibility and carry a higher potential for bias
(FERRARI, 2015; BYRNE, 2016), the authors borrowed some systematisation, such as establishing
the source of information and inclusion criteria to increase clarity (FERRARI, 2015). Additionally, they
mitigated the risk of bias by incorporating contrary research lines regardless of personal ideological
preferences.

We established the Web of Science (WoS) as the primary data source because this index has a
relevant impact on scientific production, particularly in education. Additionally, we set articles that
underwent peer review because this process suggests some research quality (ARDOIN; BOWERS,
2020).

First, we used WoS filters to scan articles indexed in the category of educational research with the
terms STEM or STEAM in its topic—title, abstract, and keywords. This first approach was intended
to display the quantitative reality of research on those educational approaches.

Subsequently, we concentrated the search by scanning STEAM in the article’s topics. Accordingly,
we applied the eligibility criteria clarified in Table 1 — peer-reviewed articles published in English,
Spanish, or Portuguese from 2007 to 2022.

Table 1. Eligibility criteria

Inclusion criteria

Reasons

Assessment

Web of Science categories

Document type

Peer review

Educational research, sci-
ence subjects, or special
education

Literature reviews and

STEAM frameworks

Peer-reviewed documents have gone through an
evaluation process that suggests research quality
(ARDOIN; BOWERS, 2020)

Concentrate on the educational areas and pre-
vent unrelated documents wherein STEAM
means vapour

STEAM frameworks and literature reviews give a
panoramic view of the object of study (MOHER
et al., 2015)

Language English, Spanish, or Por- These languages have high coverage in Western
tuguese educational research
Period From 2007 to 2022 Time frame corresponding to the STEAM
acronym  creation  (PERIGNAT,; KATZ-
BUONINCONTRO, 2019) until the present
day
Source: the authors.

At this point, we focused on documents that could offer a panoramic view of the object of study
— literature reviews and articles discussing STEAM frameworks. For example, Ortiz-Revilla, Sanz-
Camarero, and Greca (2021) reviewed nine studies concerning the frameworks of STEAM. Those ar-
ticles presented several divergences in STEAM conceptualisation. After in-depth reading and multiple
comparisons of those texts, we identified essential points of discussion — predominantly epistemological
interpretation of the STEAM approach.

Following, we expanded the set of articles considering the identified joints on STEAM education’s
history, epistemology, and divergences. Additionally, we conducted a snowball process, which involved
analysing the references of the already selected documents to find related works (GREEN; JOHNSON;
ADAMS, 2006). At this point, we remark that a narrative review does not intend to confine the study
to a list of documents. It targets condensing the information and addressing points of divergence
(GREEN; JOHNSON; ADAMS, 2006).
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3 Results
We present the results according to points identified as essential for the conceptualisation and defi-
nition of STEAM: i) STEAM education history, ii) what STEAM is not, iii) STEAM definition, and
iv) the STEAM education framework.

4 STEAM education history

Bibliometric investigations from the beginning of modern science in the eighteenth century to the
present day indicate an exponential growth rate of scientific knowledge with a doubling time of
17.3 years (BORNMANN; HAUNSCHILD; MUTZ, 2021). Epistemologically, knowledge generation
has tended towards an episteme of analysis — a specialisation angle (FLORENTINO; RODRIGUES,
2015). As deliberating over everything became humanly impossible, knowledge had to be divided into
areas, and individuals were expected to have solid mastery over specific subjects and tasks. Succes-
sively, epistemological complexity was accompanied by a so-called hyper-specialisation (MALONE;
LAUBACHER; JOHNS, 2011).

In parallel, knowledge accumulation made epistemological complexity apparent (FLORENTINO;
RODRIGUES, 2015). On the one hand, specialisation seemed powerful regarding particular topics.
On the other hand, knowledge fragmentation showed itself ineffective in addressing complex issues
(DANERMARK, 2019). In between this tension, interdisciplinary research and education approaches
emerge following the rationality that knowledge areas should be integrated because isolated disciplines
can no longer grasp complex contemporary problems (FLORENTINO; RODRIGUES, 2015; UNESCO,
1997).

Beyond the quantity of knowledge, there is a growing interest in scientific and technical areas.
Prudently, we suggest a temporal and geographically unclear origin of this interest. However, some
historical events, such as the industrial revolutions from the eighth century (XU; DAVID; KIM,
2018), indicate the prominence of scientific and technological knowledge. Following this, a need
for interdisciplinary educational approaches is accompanied by a curricular renovation incorporating
knowledge areas such as technology and engineering. Figure 1 presents events culminating in STEM
and, subsequently, in STEAM education.

Industrial Vannevar  Sputnik Acronym  Acronym
Revolution Bush letter Satelite creation creation
¥ X A STEM STEAM
—_—0—— 0o L g T
XVIII centurty 1940 : 1957 1990 2007
1950
National Science Rocard
Fondation (NSF) report

Figure 1. STEAM education timeline
Source: the authors.

Early as 1940, for example, the engineer Vannevar Bush addressed official letters to the USA
president Eisenhower emphasising the urgency of creating educational structures to prepare future
scientists foreseeing the prosperity of that country (CHESKY; WOLFMEYER, 2015).

During the cold war (1947-1991), the United States of America (USA) and the Union of Soviet
Socialist Republics (USSR) experienced ferocious competition for technological supremacy (CHESKY;
WOLFMEYER, 2015). Those countries embraced policies aiming at technical, economic, and military
development that touched various spheres of society, including education. Educational policies focused
efforts — and principally investments — on developing specific scientific and technological careers
considered national interest (CATTERALL, 2017).

An essential point was the National Science Foundation (NSF) creation in 1950 — a governmental
agency aimed to promote education and research in science and engineering (NSF, 1950). Seven years
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later, the Russian Sputnik-1 satellite was launched into orbit around the Earth. This revolutionary
event triggered many USA reactions (PERIGNAT; KATZ-BUONINCONTRO, 2019). Among some
of these responses, NSF formalised the acronym STEM in 1990 to refer — and principally justify —
what became known as an investment “pipeline” in science, technology, engineering, and mathematics
(REYNOLDS et al., 2009; STEPHENSON; FLEER; FRAGKIADAKI, 2022).

Indeed, the STEM movement was initially justified by economic and military competitiveness
(CHESKY; WOLFMEYER, 2015). Nevertheless, this movement later progressed to STEM education
— an educational approach centred on interdisciplinarity between the areas constituting the acronym
(KELLEY; KNOWLES, 2016). In this transition, STEM incorporated educational trends and dis-
courses such as active, collaborative, authentic, meaningful, and playful learning (MICHAEL, 2006;
ZOSH et al., 2018).

STEM implied educational investment policies narrowed to technical areas (REYNOLDS et al.,
2009; STEPHENSON; FLEER; FRAGKIADAKI, 2022). In opposition, representatives revindicate
against the devaluation in American schools of the areas left out of the acronym. Accordingly, the
new acronym STEAM was formalised at the Americans for the Arts-National Policy Roundtable,
including A for the arts (PERIGNAT; KATZ-BUONINCONTRO, 2019).

Following this, researchers argued that STEAM could be more comprehensive than STEM by
encompassing arts and humanities (GUYOTTE, 2020). The same, UNESCO established STEAM as
an appropriate approach to achieving Sustainable Development Goals (SDGs) (UNITED NATIONS,
2018) while conceiving sustainability as a broader concept that includes social, environmental, and
economic aspects (BRUNDTLAND, 1987).

STEM and STEAM have been adopted in many countries and continents. The European Com-
mission, for example, published a report proposing a new pedagogy for the future of Europe with
an emphasis on science education (ROCARD et al., 2007). Parallelly, those approaches have grown
as educational research lines (MARIN-MARIN et al., 2021). Figure 2 shows the number of articles
indexed on the Web of Science (WoS) in the category of educational research with the terms STEM or
STEAM in its topics (title, abstract, or keywords). We note that research in STEAM is still much less
expressive than in STEM. Considering the number of publications in the graph, STEAM represents
only 6%.

861918

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Figure 2. Amount of articles indexed on Web of Science in the category educational
research with the terms STEM or STEAM.

Source: the authors.

The authors of this review clarify their inclinations toward STEAM education vis-a-vis its inclu-
siveness of arts and humanities. STEAM is more comprehensive in addressing complex issues such
as sustainability (RODRIGUES-SILVA; ALSINA, 2023b; BRUNDTLAND, 1987). Rather than merely
fulfilling utilitarian goals and agendas extrinsic from education, we believe STEAM has significant
potential to meet subjects’ purposes and those intrinsic to education (BIESTA, 2022; RODRIGUES-
SILVA; ALSINA, 2023b).
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5 What STEAM is not
We do not intend to define STEAM by its negative, but we are confident that reflecting on what
STEAM education is not may contribute to elucidating it. In this direction, we explore the underpin-
ning rationale which supports that STEAM is not an evolution of STEM, a teaching methodology, a
synonym of interdisciplinarity, or an attempt to erase the disciplines (based on transdisciplinarity).

STEAM is not an evolution of STEM: STEM and STEAM education are inexorably inter-
connected because one emerged as a response to the other (PERIGNAT; KATZ-BUONINCONTRO,
2019). Additionally, both approaches share interdisciplinary teaching at their core and imply the
insertion of engineering and technology pre-college curricula (MOORE et al., 2014).

However, if STEAM contains all four areas of the previous acronym, why do some people advocate
for STEM over STEAM? There should be differences that justify this positioning. Liao (2019) ex-
plains that some STEM practitioners reject the extension of the acronym, fearing to divert attention
(privilege) from technical areas. In this vein, Clements and Sarama (2021) warn that broadening the
acronym to other knowledge areas will likely weaken the cohesion of STEM education. However, they
oversee that perhaps that is precisely what STEAM defensors intended in the first place.

The conflict that motivates STEAM as a response to STEM remains central to their relationship.
On the one hand, STEM represents a convergent standpoint of selecting specific areas of knowledge
— meaning not including humanistic disciplines. On the other hand, STEAM proposes reinserting
arts and humanities into the educational programme. This conflictual relationship allows stating that
STEAM is not simply an evolution of STEM because they reflect contradictory philosophies regarding
narrowing or broadening the curriculum.

STEAM is not a teaching methodology: STEAM usually endorses active, collaborative, au-
thentic, meaningful, and playful learning (MICHAEL, 2006; ZOSH et al., 2018). In parallel, sev-
eral teaching methodologies are argued to support STEAM in those learning settings. Accordingly,
STEAM activities have been developed by teaching methodologies such as Project-Based Learning
(PjBL) (LU; LO; SYU, 2022), Problem-Based Learning (PBL), and Inquiry-Based Learning (IBL)
(QUIGLEY; HERRO; JAMIL, 2017). Furthermore, reports highlight positive outcomes of STEAM
intertwined with playful approaches such as Free play, Game-Based Learning, and Gamification (AU-
RAVA; MERILAINEN, 2022; RODRIGUES-SILVA; ALSINA, 2022a).

This plurality of strategies is restricted if STEAM is portrayed as aligned with one specific teaching
methodology. Such simplification hinders the dialogue between STEAM practitioners and researchers
who envisioned STEAM through different pedagogical strategies. In other moments, STEAM is
misguided as a teaching methodology itself. While occupying a place of methodology, STEAM over-
shadows teaching methodologies that could benefit STEAM with theoretical and empirical knowledge
historically constructed on them. Additionally, this misunderstanding generates discredit associated
with the feeling that STEAM is just another name for concepts already consolidated in educational
research.

In sum, STEAM education should not be restricted to or understood as a teaching methodology.
Even though a STEAM activity might be inevitably circumscribed in a specific teaching methodology,
various teaching methodologies contribute to various undertakings aiming at the interdisciplinary
teaching of STEAM disciplines (we will differentiate STEAM education from STEAM activity later).

STEAM is not a synonym for interdisciplinarity: First, we clarify that disciplines represent
branches of knowledge that can be distinguished from other knowledge areas according to different
epistemology, theories, and methods. Disciplines or knowledge areas are comprehensible parts of
knowledge that permit its organisation (FLORENTINO; RODRIGUES, 2015). Following, we query
the various forms they can relate to each other. As shown in Figure 3, the word discipline is commonly
accompanied by the prefixes intra, cross, multi, inter, and trans. Those modifiers express concepts
widely used, and frequently misunderstood, in the literature.

Intradisciplinarity addresses the connection of topics within the scope of the same discipline. Cross-
disciplinarity observes a topic from one discipline, taking the perspective of another. Multidisciplinarity
means that disciplines separately contribute to understanding a topic or problem. Interdisciplinarity
concerns integrating disciplines so that there is dialogue through them and their interspaces or inter-
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< @ Lo

Intradisciplinarity ~Crossdisciplinarity ~ Multidisciplinarity  Interdisciplinarity Transdisciplinarity

Connecting topics Reading a discipline Addressing a topic Addressing a topic ~ Addressing a topic
from the same through the lens of through contribution through integration of without disciplinary
discipline another of disciplines disciplines distinction

Figure 3. Disciplinary relations

Source: the authors.

sections (DANERMARK, 2019). Differently, transdisciplinarity aims to synthesise knowledge so that
a topic can be holistically comprehended.

Repeatedly, multi, inter, and transdisciplinarity are interchangeably enunciated so that their mean-
ing differences are emptied. Politi (2019) argues that those three concepts represent progressive stages
of disciplinarity integration — with transdisciplinarity referring to the latest stage of this process.
Nonetheless, this assumption of one integration process carries incompatibilities.

In interdisciplinarity, discipline borders are momentaneously crossed to highlight their intersec-
tions. This way, disciplines can be integrated through dialogue that provides understanding within
and synergistically beyond the disciplines’ original scope. Consequently, interdisciplinarity place dis-
ciplines as essential substrates for integration, and they are strengthened by contact with each other
(BOUFLEUER; MOURA, 2020; FLORENTINO; RODRIGUES, 2015).

Conversely, transdisciplinarity seeks to transcend the boundaries of disciplines while considering
a holistic whole that would better address complex issues (GUYOTTE et al., 2014). In transdis-
ciplinarity, the focus remains on the problem without discerning individual disciplines and outlining
intersections. Hence, instead of a superior stage of interdisciplinarity, transdisciplinarity represents a
different, perhaps opposing concept.

Importantly, interdisciplinarity and STEAM are not synonymous because the former refers to the
dialogue between disciplines (in general), and the latter consists of such dialogue considering the group
of disciplines described in the acronym. Consequently, beyond interdisciplinarity, STEAM implies a
curriculum modernisation considering relevant knowledge areas introducing disciplines traditionally
overseen at pre-college levels — technology and engineering (MOORE et al., 2014).

STEAM is not an attempt to erase the disciplines: Initially, listing disciplines in the acronym
of an educational approach that aims at integration possibly seem confusing. At the same time, it
can sound reasonable wondering the creation of one holistic macro discipline instead of mentioning
discrete knowledge areas.

Indeed, students are likely to learn holistically from experiences in activities wherein they are un-
aware of which knowledge areas are being applied — as suggested in transdisciplinarity (STROBEL et
al., 2013). Notwithstanding, interdisciplinary education is distinctive from everyday learning precisely
when offering insights from the disciplines. In this sense, interdisciplinarity fosters students’ reflection
on experiences to build consciousness about the disciplines, strengthen disciplinary knowledge, and ex-
plore their intersection (FLORENTINO; RODRIGUES, 2015; PEARSON, 2017). In other words, while
transdisciplinarity might result in some learning from experience, interdisciplinarity further explores
those experiences by explicitly addressing the disciplines involved.

Consequently, we argue that interdisciplinarity is a central aspect of STEAM. In order to be
educational, STEAM requires an understanding of each discipline and its intersections (THIBAUT
et al.,, 2018). In STEAM, teachers have to teach (BIESTA, 2022) — they encourage reflection on
experiences and convey knowledge students would not recognise as such from merely experiencing
an activity. Hence, STEAM is not an attempt to erase the disciplines. Contrarily, this educational
approach is firmly grounded in the disciplines that constitute it.
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6 STEAM education definition
First, we evoke the five general rules of definition: exclusion of the negative, adequacy, clarity, non-
circularity, and brevity (MACHLARZ, 2011) Among them, we recall the rule of exclusion of the
negative states that definitions must not come from the negative. Therefore, we elucidate that the
considerations on the negative of STEAM presented so far helped to understand but do not define it.

Next, we articulate two conditions for STEAM education — interdisciplinarity and the knowledge
areas of science, technology, engineering, arts/humanities, and mathematics. First, we outline that
recalling STEAM disciplines means distinctively listing the acronym’s knowledge areas. Next,
we highlight that, on the one hand, although interdisciplinarity is central to STEAM, it does not
encompass the whole idea of STEAM regarding setting a group of disciplines as pertinent to current
and future society. On the other hand, only establishing a group of STEAM disciplines does not
configure STEAM education — an educational approach that aims to integrate those disciplines.

Therefore, these conditions are necessary and sufficient (if together) to define STEAM. Accordingly,
STEAM education is an educational approach that promotes interdisciplinary teaching of the
STEAM disciplines in its set of practices.

Further exploring this definition, it appreciates all the letters of the acronym in their quality of
knowledge area. Researchers defend that teaching in STEAM should not hierarchise the disciplines. In
other words, one area should not be reduced to an educational tool in service to teach other (MEJIAS
et al., 2021).

Moreover, we remark that STEAM education means teaching all areas of the acronym. In this
respect, Toma and Garcia-Carmona (2021) criticise that the literature in STEM/STEAM is too pre-
tentious for promoting a set of areas in the acronyms if practitioners are content with the requirement
to integrate at least two areas. However, these authors disregarded that education is not attained
with a single session or activity. In this sense, it is worth differentiating STEAM activity from STEAM
education. STEAM activity or lesson is an educational practice aligned with, but that does not nec-
essarily fulfill all conditions of STEAM because it is a single episode of STEAM education. Thus, a
STEAM activity or lesson is a practice of interdisciplinary teaching of at least two STEAM
disciplines.

STEAM activities should contemplate at least two areas to ensure interdisciplinarity. In this sense,
a STEAM activity has to be planned according to the pertinence of STEAM disciplines regarding a
particular topic or problem. For the same reason, it may be appropriate for one discipline to be central
and the other to play complementary roles in a specific activity. At this level, interdisciplinary didactic
planning should prioritise students’ learning benefits rather than desperately forcing the presence of all
STEAM disciplines (PEARSON, 2017; THIBAUT et al., 2018) or misleadingly pursuing equilibrated
development between the areas.

Especially in empirical studies, researchers explore STEAM activities — which naturally have par-
ticular settings — and tend to extrapolate the specific characterisation of those activities to STEAM
education. When brevity is abandoned in the STEAM definition, it generates disagreement due to
unnecessary restrictions. For example, authenticity — addressing real-world problems — might be vital
in several STEAM activities (STROBEL et al., 2013). Nevertheless, a definition of STEAM Educa-
tion that includes authenticity would conflict with, for example, playful learning, whose activities are
embedded in imagination, fantasy, and mythical contexts (RODRIGUES-SILVA; ALSINA, 2023a).

In this sense, besides brevity, the definition of STEAM education presented here complies with
the rule of adequacy because it suits the defined object and nothing else. Furthermore, it is clear and
non-circular because the term to be defined is not in the body of the definition. Finally, we argue that
instead of changing and stretching the definition of STEAM to accommodate particular activities, we
propose envisioning the breadth of STEAM education coherent from various teaching methodologies
and educational purposes.

7 STEAM education framework
Characterising differs from defining regarding its no pretension of reaching exhaustion (MACHLARZ,
2011). Thus, STEAM is usually characterised by active, collaborative, authentic, meaningful, and
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playful teaching and learning (LIN; TSAI, 2021; ORTIZ-REVILLA; SANZ-CAMARERO; GRECA,
2021; QUIGLEY; HERRO; JAMIL, 2017). Undoubtedly, those configurations and teaching and learn-
ing are relevant to STEAM education since literature has pointed out them as effective strategies for
education on many occasions (MICHAEL, 2006).

Briefly mentioning, researchers propose STEAM activities aiming at the development of creativ-
ity (AGUILERA; ORTIZ-REVILLA, 2021), critical thinking (BASSACHS et al., 2020), engineering
thinking (RODRIGUES-SILVA; SILVA-HORMAZABAL; ALSINA, 2023 (In press)), and food literacy
(SILVA-HORMAZABAL; RODRIGUES-SILVA; ALSINA, 2022). In this line, STEAM might be ap-
propriate to address various objectives intrinsic to education, from the subject (BIESTA, 2020), and
aligned with international agendas of social interest, such as Education for Sustainability (GUYOTTE,
2020; VASQUEZ et al., 2021).

Considering all that, we propose in Figure 4 a conceptual framework of STEAM in a table for-
mat incorporating STEAM definition (exhaustive) and characterisation (non-exhaustive). From this
picturisation, we remark that the tabletop — the part that makes the table a table — represents
STEAM's two sufficient and necessary conditions. Differently, teaching methodologies and objec-
tives are closely related to specific STEAM activities instead of defining STEAM as an educational
approach. Therefore, we represent teaching and learning configurations as the table legs — although
significant, missing one table leg does not disqualify it as a table. Eventually, we represent educational
objectives as constructions on the table — they are supported by the whole table.

Obijectives intrinsic to
education, the subject, and
social interest

Goals

STEAM
education a

Teaching and
learning
Collaborative
Authentic

Figure 4. Conceptual framework of STEAM education
Source: the authors.

Notably, teaching and learning configurations and objectives are accompanied by an “etcetera” to
reaffirm the non-intention of exhaustion in the characterisation of STEAM education.

8 Conclusions

As (MARIN-MARIN et al., 2021) evidenced, STEAM is a recent research line still under construction.
Accordingly, this review pointed out some STEAM definition incongruences which may be problematic
to its understanding and practice (PERIGNAT; KATZ-BUONINCONTRO, 2019). Therefore, we
inquired about what is (and what is not) STEAM education.

In response, this study elucidated that STEAM is not a simple evolution of STEM nor a teaching
methodology. We expressed rationalities underpinning STEAM as an interdisciplinary approach —
strongly supported by the disciplines and their intersections — instead of pursuing transdisciplinarity,
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where knowledge remains undefined in a holistic whole.

We could differentiate STEAM disciplines (list of the five knowledge areas), STEAM activities (in-
terdisciplinary teaching unity of at least two STEAM disciplines), and STEAM education (educational
approach of interdisciplinarity between all STEAM disciplines).

Finally, we proposed a STEAM conceptual framework in a table format. This framework con-
tributes by emphasising the essential aspects of STEAM definition (tabletop). This characterisation
mentions some teaching methodologies and educational objectives but is not restrictive, asserting the
multiplicity of doings of education, paradigms, and methodologies already existing in the literature.

The conclusions from this review impact STEAM practice calling attention to teaching as an
addition that makes this approach distinctively education in regard to everyday learning (knowledge
diffused). While stressing interdisciplinarity, we assert the importance of further exploring students’
experiences by explicitly addressing the disciplines and their intersections. Concerning teacher educa-
tion, on the one hand, STEAM requires teacher professional development that enhances agency on
a plurality of teaching methodologies associated with STEAM to achieve educational goals. On the
other hand, individual STEAM activities require proper lesson planning, including the ability to select
appropriate disciplines and intentionally develop them. At the same time, STEAM education remarks
the need to articulate all STEAM disciplines, including technology and engineering, that knowledge
areas traditionally missing at pre-college levels.
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