
The iSTEM Rope Model: defining
integrated early childhood STEM
education and its pedagogical
linages to the Reggio Emilia-

Inspired Approach
Alyse C. Hachey and Pratimaben J. Mehta

Teacher Education Department, The University of Texas at El Paso,
El Paso, Texas, USA

Abstract
Purpose – This paper discusses the implementation of integrated science, technology, engineering and
mathematics (EC-iSTEM) educationwith children in birth-to-age 5 classrooms. It offers a conceptualization for
EC-iSTEM, as well as a developmental trajectory in the form of the iSTEM Rope Model. It further highlights
the intersection of EC-iSTEM education and the Reggio Emelia-Inspired Approach (RE-IA) as a lens for both
viewing EC-iSTEM implementation with young children and as an area of needed research.
Design/methodology/approach –This paper uses a qualitative interpretive methodology, drawing from a
wide array of theoretical and research literature on early childhood education and integrated STEMeducation.
Findings – Despite growing research and policy reports that advocate for the inclusion of integrated STEM
education in early childhood classrooms, today there is currently imprecision in understanding what exactly
“integrated STEM”meanswhen applied to the instruction of very young children. This suggests a need for the
creation of a unifying conceptual framework, as well as finding alignment with currently known pedagogical
approaches to ground the work of birth-to-age 5 teachers and researchers.
Research limitations/implications – This paper proposes a new conceptualization of integrated STEM
education for use in birth to age 5 classrooms, as well as a systhsis of the current literature to assess the
pedagogical linkages between EC-iSTEM and RE-IA. As the proposed conceptualization offered in this paper
is new and research in this area is nascent, further empirical investigation is warrented.
Originality/value – This paper proposes a new conceptualization of integrated STEM education for use in
the early childhood education field. It further synthesizes the current literature to assess the pedagogical
linkages between EC-iSTEM and RE-IA, suggesting practice implications for supporting the knowledge and
skill development of young children from birth to age 5.
Keywords Early childhood education, Integrated STEM education, Reggio Emilia-Inspired approach,
Early STEM learning
Paper type Conceptual paper

Introduction
With the need to aid the development of 21st century skills as well as to provoke interest in
science, technology, engineering and mathematics (STEM) careers (Widya et al., 2019), there
continues to be a focus on engaging elementary and middle school students in STEM
education. However, many students do not develop STEM identities or see themselves in
STEM careers by middle school, particularly those who come from racially minoritized and
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lower socioeconomic backgrounds (Talafian et al., 2019). This has led to recent calls for more
focused attention on shifting STEM education efforts to earlier ages (Aldemir and Kermani,
2017; Hachey, 2020; University of Chicago STEM Education Center [UCHICAGO], 2017;
Johnston et al., 2022; McClure et al., 2017). Yet, data suggest that less than 10% of
kindergarten through second-grade instructional time in the USA is devoted to STEM
content (Pantoya et al., 2015).

The literature indicates even less integrated early childhood STEM [EC-iSTEM] [1]
education under age 5 (e.g. Johnston et al., 2022; NASTA, 2024; Smart and Lessons Learned
From Successful Schools, 2013; Tippit and Milford, 2017), perhaps because discussions of
EC-iSTEM have only recently become more of a focus (University of Chicago STEM
Education Center [UCHICAGO], 2017). However, the early years are an important period for
establishing many prerequisite conceptual knowledge and skills for building later expertise
across STEM disciplines (Aldemir and Kermani, 2017). Instructional experiences during the
birth to age 5 range lay the foundation and shape trajectories for all later learning and
development, including STEM (Hachey, 2020; Shonkoff, 2017; Tippet and Milford, 2017), as
well as arousing interest in STEM disciplines (NRC, 2011) and setting the stage for early
STEM academic identity development (Hachey, 2020). While the current literature does
provide evidence of young children as capable of science (K€oksal, 2022; Larimore, 2020;
Sikder and Fleer, 2018), mathematics (Clements and Sarama, 2021; Ginsburg et al., 2008;
Franz�en, 2021) and engineering (Dorie and Cardella, 2014; Pantoya et al., 2015; Lippard et al.,
2017) learners under age 5, there is little evidence of purposeful instructional integration
across STEM disciplines in birth-to-age 5 classrooms and in particular with children under
age 3 (Johnston et al., 2022; Milford and Tippit, 2015; Tippit and Milford, 2017). Further,
technology integration remains controversial in birth-to-age 5 classrooms, despite the term
technology denoting any invented tool used to help humans complete a task (Vogels et al.,
2020) and digital technology (which is how the term is narrowly defined) being both
ubiquitous in the daily lives of children under age 5 and having been shown to produce early
learning affordances (Johnston et al., 2022; Plowman et al., 2012; Slutsky et al., 2021;
Sundqvist and Nilsson, 2018). Hence, the lack of widespread intentional implementation of
EC-iSTEM runs counter tomounting evidence that exposure to integrated STEM instruction
in the earliest years may hold critical relevance for life-long learning and interest in STEM
(Johnston et al., 2022).

Taken together, what little research is available, along with the policy literature, strongly
avers the need to refocus attention on purposeful integrated STEM teaching practices with
young children under age 5. Yet, across all age levels and particularly in the early years, there
is often inconsistent use of language, failure to define terms and a lack of a framework for
grounding STEM education as an integrated concept (Honey et al., 2014). Hence, it is crucial
that researchers and practitioners consider conceptions and related pedagogical practices
that may assist in the implementation of high-quality EC-iSTEM education for children in
this age range (Hachey, 2020; University of Chicago STEM Education Center [UCHICAGO],
2017; Larkin and Lowrie, 2023; McClure et al., 2017). This paper explores the current
literature on EC-iSTEM education, and it offers a conceptualization for practical usage.
Further, it provides a comprehensive comparison and analysis of the core characteristics of
EC-iSTEM and the Reggio Emilia-Inspired Approach (RE-IA) to early childhood education
as a lens for enacting EC-iSTEM pedagogical practices with very young children.

EC-iSTEM and the iSTEM Rope Model
Though available scholarship argues the importance of deliberate STEM instruction for
children under age 5 and nascent conceptualizations as to the nature of STEM applied to
education in the earliest years are forming, the field currently lacks an adopted definition and
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means for pedagogical practice. Tippit and Milford (2017) note that while STEM as an
interdisciplinary approach to learning has gained wide attention in North America, there is
little application of it in early childhood classrooms, combined with ambiguity and
imprecision in the usage of the STEM acronym itself when applied to the education of young
children. They, along with other scholars (i.e. Moomaw, 2013), contend that if any two of the
four STEM disciplines are intentionally explored together with young children, then a
learning activity may fall under the designation of “STEM.” Other scholars (i.e. Soylu, 2016)
contend that STEM education applied to the early years includes the integration of all four
disciplines as a whole as the instructional focus (with knowledge and skill growth in one
discipline dependent on knowledge and skills from all three of the other disciplines and
all disciplines equally emphasized). Still, other policy reports (i.e. McClure et al., 2017) view
STEMeducation in the early years as present any time one discipline is integrated to enhance
the teaching and learning in another discipline (i.e. a primary discipline knowledge and/or
skill is used to enhance the learning of a second discipline knowledge and/or skill – for
example, utilizing a technology application to teach mathematical concepts). While
integration is a common theme in these varied conceptions of STEM education for young
children, the imprecision previously noted is readily apparent in terms of what constitutes
the exact nature of integration; this mirrors similar disparate interpretations of what
constitutes “integrated STEM” in the literature for higher age levels (English, 2016; Ortiz-
Revilla et al., 2020, 2022). The confusion is further compounded when accounting for
international research with early childhood teachers, which strongly suggests that a
majority of them view STEM as just a listing of the four identified disciplines, as a substitute
for science (rather than some form of cross-discipline integration as noted by most scholars)
or as a stand-in term for hands-on, and/or play-based instruction related to general problem-
solving (Honey et al., 2014; Wan et al., 2021). This, too, is reflected in the early childhood
literature, where STEM in the early years is often used as a catch-all term for any instruction
that touches on one of the individual disciplines, particularly when connected to inquiry-
based teaching practices.

Therefore, the firstmajor issue for teachers and researchers is the different interpretations
of what actually constitutes STEM education in early childhood education. The literature
conceptualizes STEM education (generally) from disciplinary to transdisciplinary
explanations (see Table 1).

The claims for the cognitive and affective benefits of integration found both in early
childhood and older-age literature (e.g. Hachey, 2020; English, 2016; Honey et al., 2014;
Nadelson and Seifert, 2017; McClure et al., 2017; Moomaw, 2013; Soylu, 2016; Tippit and
Milford, 2017) preclude the adoption of a strict disciplinary stance. For this reason, we
deliberately use the termEC-iSTEM to draw explicit attention to knowledge and skills across
disciplines as the foundational element. Further, we argue the adoption of amultidisciplinary

Type of integration Definition

Disciplinary Discipline-specific knowledge is learned separately with no connections made to other
disciplines

Multidisciplinary Discipline-specific knowledge is learned separately yet within a common theme and/or
towards a common goal

Interdisciplinary Closely connected discipline knowledge is learned together from different disciplinary
perspectives

Transdisciplinary Seamless amalgamation and/or seamless web of knowledge from multiple disciplines,
considered simultaneously without regard to the perspective of any given discipline

Source(s): Adapted from English (2016), Ortiz-Revilla et al. (2020, 2022) and Nadelson and Seifert (2017)

Table 1.
Definition of STEM

education from lowest
to highest level of

knowledge integration
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conception of EC-iSTEM specifically for knowledge development, whereby concepts from all
four disciplines are utilized to address aspects of a common theme and/or toward a common
problem-solving goal and, although working in tandem, knowledge development draws
from each discipline’s perspective (English, 2016; Ortiz-Revilla et al., 2022).

In this way, multidisciplinary-level teaching and learning occurs when concepts are
addressed within each discipline while using the same instructional problem space.
Adopting a multidisciplinary conception of EC-iSTEM for knowledge development, as
opposed to an interdisciplinary or transdisciplinary stance for the education of children
from birth to age 5, acknowledges the mental processing demands of these higher levels of
integration, and that very young children first need time to gain competency within
discipline-specific knowledge (Honey et al., 2014; Wan et al., 2021) before they gradually (in
later grades) build from this foundation to translate and apply knowledge representational
fluency between them. Yet still, it recognizes that from birth, humans have the capacity for
nascent conceptual knowledge representation that they are ready to mentally begin the
process of assimilation and accommodation of domain-relevant inputs (Aldemir and
Kermani, 2017; Gelman, 1998) and that engagement with STEM concepts results in
meaningful educational experiences for young children (Farris and Cammy, 2021).

Therefore, from a multidisciplinary perspective, integration is viewed as incorporating
the building and use of disciplinary-specific learning opportunities (i.e. knowledge from all
four disciplines) within the context of the overarching focus of the experience (a theme and/or
problem-solving goal); it is the learning context and/or focus that is domain-general and thus
requires knowledge from across disciplines (Nadelson and Seifert, 2017). We give the
example of a three-year-old classroom exploration of spiders, whereby the childrenmay learn
terminology and characteristics of spiders (biological science), learn to take photographs of
spiders on the playground and how to click through a spider presentation on a computer
(technology), learn to follow a design process to create three-dimensional models of spiders
(engineering) and learn shapes and patterns from those found on spiders (geometric math).
The potential benefit of thismultidisciplinary stance is that having young children engage in
particular knowledge gain from the different discipline lenses serves to clarify and make
explicit diverse ways of knowing and doing (Reynante et al., 2020) while anchoring the
learning to a conjoint purpose. Experimental support for utilizing a multidisciplinary stance
to increase each conceptual knowledge gain is found in research by Aldemir and Kermani
(2017) with diverse children ages 3–4.

While this does not situate EC-iSTEM knowledge development at the highest level of
integration, it recognizes higher levels of integration as a longer-term developmental
trajectory. Further, a multidisciplinary stance does offer the opportunity for knowledge gain
that is wider in scope (Honey et al., 2014) than it could be generated from attention to only
individual (or perhaps two) disciplines, as well as leaving potential developmental room for
connections to big ideas (associated multidisciplinary processes that interact) that may
(Ortiz-Revilla et al., 2022) be more interdisciplinary and/or transdisciplinary in nature.
Additionally, by explicitly calling for teachers and researchers’ attention to all four of the
STEM disciplines, our conception of EC-iSTEM challenges stances both in the wider
literature and early childhood literature that emphasize an “any two discipline” definition by
centering the relevance of them all for young children, serving to mitigate growing concerns
about inequitable foundational knowledge development in consistently less-prioritized
STEM disciplines (English, 2016; Honey et al., 2014).

Taking a multidisciplinary perspective for STEM knowledge development with young
children does not, however, preclude teachers and researchers from recognizing a
transdisciplinary stance toward EC-iSTEM skills development (also often referred to in the
wider literature as process stills or cross-cutting practices). We argue this may be critical in
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EC-iSTEM education. Collapsing the skills identified by Reynante et al. (2020), we identify
four cross-discipline skill development areas that have application to children under age 5:

(1) Investigating: Novelty or the unexpected has been shown to draw the attention of
young children; they are sensitive to ways of beginning inquiry by orienting to a
perceived puzzle, making progress by drawing on sense-making resources (i.e.
observations and/or examinations, experiments and imagined embodiment) and
orienting to end exploration (i.e. a satisfactory explanation and a failed outcome)
(Keifert and Stevens, 2018). Data suggest that young children are proficient
questioners between ages 2 and 4 (they have knowledge based on things they find
interesting and can ask significant questions) and that by age 5, much of their
questioning centers on how and why (Engel, 2021; Helm et al., 2023)

(2) Problem-solving: Young children (age 2–4) are capable of flexible, tool-dependent
problem-solving (Bobrowicz et al., 2020) and toddlers have been shown to solve
problems in natural and meaningful ways (Babbington, 2006), as well as to seek out
and use social support to help in problem-solving (Culver et al., 2013). Research shows
that preschoolers use developing content knowledge and reasoning skills to solve
both real and hypothetical problems involving their everyday physical and biological
world (Fusaro and Smith, 2018).

(3) Modeling: Young children (1 ½ years) construct using objects (Marcinowski et al.,
2019), and they start early to acquire the symbols needed to participate in their culture
based on experience and/or exposure from everyday life (DeLoache, 1995). Around
age 3, they can usemodeling practices, both thinkingwith and thinking aboutmodels,
as well as creatingmodels and/or representations, as central to their engagement with
evidence-based explanations (Plumber and Ricketts, 2018).

(4) Communicating: Children from birth to age 5 draw on a wide range of modalities,
including movement, gestures, gaze and/or facial expression and, from toddlerhood
and beyond, the addition of drawings, writings, diagrams, models, dramatization,
symbolic play and other cultural tools and artifact usage that enable them to
communicate and illustrate their meanings, perspectives, interests and ways of
understanding aspects of their world (Marsh et al., 2019; Taylor and Leung, 2020;
Vygotsky, 1978).

Further acknowledged is that for young children, these four areas of skill development may
be envisioned as a seamless amalgamation (Nadelson and Seifert, 2017) or a seamless web
(Ortiz-Revilla et al., 2020) of practices irrespective of discipline, whereby instructional
attention is provided without regard to STEM discipline boundaries and/or perspectives.
This acknowledges the adoption of a transdisciplinary conception for the identified EC-
iSTEM skill development areas during the pursuit of authentic inquiry and problem-solving
with young children.

Analogous to Scarborough’s (2001) Reading Rope Model of integrated literacy, we thus
put forth a conceptual framework of iSTEM that both offers starting strings of focus forwork
with children from birth to age 5, as well as providing a developmental trajectory for higher
levels of STEM integration across later schooling (see Figure 1).

From this, we offer a precise definition of EC-iSTEM education for children from birth to
age 5 as: within the pursuit of a common theme and/or toward a common goal, young
children learn multidisciplinary conceptual knowledge in each of the four disciplines
(separately) while utilizing transdisciplinary investigative, problem-solving, modeling and
communication skills.
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Pedagogical practice - considering RE-IA as a lens for EC-iSTEM education
With the starting strings of knowledge and skill development identified in our model, the
question then turns to how these may be nurtured through deliberate instructional
implementation in birth-to-age 5 classrooms. The task of engaging very young children with
EC-iSTEM may seem daunting to practitioners, especially given data suggesting that early
childhood teachers often have a limited understanding of both what EC-iSTEM is and how to
teach it (Aldemir andKermani, 2017; Ndijuye andTandika, 2020; Park et al., 2017). However, we
contend that there is a strong and recognizable starting point for enacting EC-iSTEM education
with children frombirth to age 5when the little available literature on “best practices” ismarried
to a close consideration of an established approach in the early childhood field, RE-IA.

The pivotal characteristic of nearly all discussions of iSTEM education in the literature,
regardless of the age level, is the utilization of everyday, real-world inquiry and problem-
solving (e.g. Cherniak et al., 2019; Conradty and Bogner, 2018; Kurup et al., 2021; MacDonald
et al., 2020; McClure et al., 2017; Yata and Isobe, 2020). High-quality EC-iSTEM education is
viewed as child-centered inquiry experiences that promote investigative, hands-on, action-
based engagement that encourages children to use all their senses to be responsive to their

Figure 1.
iSTEM Rope Model-
individual strands of
discipline knowledge
and process skills
weave together over
time toward fully
integrated STEM
usage by adulthood[2]
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environment, explore objects and events, make observations and share their reflections
(Hachey, 2020; Aldemir and Kermani, 2017; Campbell and Speldewinde, 2022; Farris and
Cammy, 2021; McClure et al., 2017; Smart and Lessons Learned From Successful Schools,
2013; Tippett andMilford, 2017). Thus, the emphasis is on teachers providing young children
with objects, materials and phenomena to manipulate through play-based means and on
engaging children in problem-based inquiry and creative making to encourage the
generation of both ideas and artifacts (Johnston et al., 2022; Marsh et al., 2019; McClure et al.,
2017; Smart and Lessons Learned From Successful Schools, 2013; Stylianidou et al., 2018;
Wan et al., 2021). In this way, inquiry and problem-based pedagogical practices serve to
support not only the interconnectedness of the world and individual STEM discipline
knowledge but also to foster skills and mindsets (dispositions) that are transferable and
cross-disciplinary (Hachey, 2020; Wan et al., 2021).

RE-IA is a unique teaching philosophy that offers a specific perspective on
developmentally and culturally appropriate practices for young children (Gandini, 1993;
Vatalaro et al., 2015; Smith, 2021). We contend RE-IA as a well-known and widely practiced
approach to early childhood education that embodies what the emerging literature contends
is essential for EC-iSTEM education. In particular, there are four central pedagogical aspects
of RE-AI that may offer guidance to teachers and researchers (both those in the RE-AI
tradition and more generally) for EC-iSTEM education with children from birth to age 5: (1)
RE-IA’s image of the child; (2) provocation (also called learning invitations) and questioning
as an instructional methodology and (3) the facilitation of open-ended projects and the
prepared environment to support the “100 languages” of children.

Foremost, RE-IA recognizes that the choice made by teachers about the child’s image has
to be explicit, as this serves as the basis of all interaction, pedagogical or otherwise (Moss,
2016). The image of the child held by teachers in birth-to-age 5 classrooms is critical, as it sets
the stage not only for a belief in the necessity of EC-iSTEM but also situates how to begin
nurturing the starting strands of STEM knowledge and skill development. RE-IA
philosophy is grounded in an image of the child as capable and a natural inquirer (asker
of questions) and investigator (seeker of answers and/or information) through the hands-on
manipulation of objects, the solving of real-world problems and trustful, collaborative
interactions with peers and teachers (Gandini, 1993; Inan et al., 2010). While many
pedagogical frameworks use inquiry and investigation in practice (Farris and Cammy, 2021),
RE-IA is anchored in questioning and self-directed reflection by both students and teachers,
emphasizing the instructional value of beginning with uncertainty and inquiry. This sets
children as protagonists and contrasts with an image of the child as an empty bottle to be
filled with knowledge (whereby teaching practices may focus on stationary, rote drill);
instead, instructional techniques are based on young children as skilled, creative and
innately curious (Arseven, 2014; Moss, 2016). RE-IA positions young children as researchers
(marked by their curiosity, ability to develop questions, openness to exploration and drive for
discovery) (Fox, 2023; Stegelin, 2003). It positions teachers as facilitators, where they act as
“compasses” that point children toward self-discovery and collaboration, with teachers
deemed as co-constructors of knowledge (Arseven, 2014;Moss, 2016). Both this orientation of
young children and of teachers in RE-IA aligns with the unvoiced yet inferable image of the
child found inmuch of the EC-iSTEM literature, aswell as our positioning of children birth to
age 5 at the starting strands in the iSTEM Rope Model.

In RE-IA, teachers carefully observe young children, reflect on how their emerging
knowledge and interests fit within conceptual and skill learning opportunities and then
provide “provocations.” Provocations occur when teachers offer different materials to
children (natural objects or “lose parts” that may be freely used and manipulated in open-
ended ways, books, pictures or photographs), present common materials in different ways,
make an unusual and/or unexpected change in the physical environment, offer purposeful

Journal of
Research in
Innovative
Teaching &

Learning

Downloaded from http://www.emerald.com/jrit/article-pdf/doi/10.1108/JRIT-05-2024-0125/9772863/jrit-05-2024-0125.pdf by Jabatan Pendidikan Politeknik, Masyitah Abdullah on 10 November 2025



questions or comments or engage in intentional sense-making discussions that serve to draw
children’s attention (Kaynak-Ekici et al., 2021). Provocations and teacher-modeled
questioning are utilized to provoke interest and/or invite young children to explore
materials, use objects and tools (i.e. technology) and ask questions themselves as they
interact in self-driven ways with the physical and social world around them. Provocations as
amethod of instruction inextricably intertwine participants’ use of cultural resources such as
language and material tools (Martin and Evaldsson, 2012), allowing for a recognition of
cultural and place-based learning effects on early conceptual and skill development. The
teacher’s role is to both thoughtfully provide provocations and support children (through
additional materials and/or social scaffolding) as they study and then produce and test their
hypotheses (Arseven, 2014). In this way, provocations as a teaching technique may serve as
both the impetus and the means for active engagement in open-ended ways that promote
personal and collective excitement and meaning-making (Inan et al., 2010). Learning
experiences based on intentional provocationmay serve to provide the opportunity to deepen
conceptual knowledge within STEM disciplines while at the same time allowing for the
practice of process skills (Farris and Cammy, 2021).

Projects are another central instructional methodology in RE-AI (New, 2007). From
children’s everyday experiences and interests, investigative projects are undertaken,
whereby teachers assist children in conducting their project by providing the materials,
space and social scaffolding needed for observation, hands-on exploration, mistake-making,
sense-making, problem-solving and creative expression around child-generated themes and
ideas (Arseven, 2014; Gardner and Jones, 2016; Kaynak-Ekici et al., 2021; Fern�andez Sant�ın
and Feliu Torruella, 2017). In RE-AI, projects may be short-term or long-term, based on
children’s interests, with teachers following children’s sense of time and personal rhythms
(Gandini, 1993). Further, projectsmay evolve from teacher provocation and/or questioning or
chance events (we reference again our example of finding spiders on the playground, which
engendered an EC-iSTEM investigative project with three-year-olds that utilized all the
starting strings identified on the iSTEM Rope Model). Children working on projects in small
groups is also an essential aspect of the RE-IA, serving to allow children to interact with each
other and the materials in the environment in ways that are not highly structured (Vatalaro
et al., 2015) but which are organized toward a common theme or problem of interest. The
teacher’s role in project work is to carefully observe children as they interact with each other
and the materials provided to determine (and provide) what additional materials or
responses may be needed to help foster communication among the children and deepen
conceptual thinking and the practicing of process skills (specifically, in this case, in each of
the STEMdisciplines and the four identified process skill areas). A strong emphasis in RE-AI
is placed on reciprocity (social give-and-take) and the exchange of ideas and dialog between
children, teachers and the wider community in pursuit of project goals (Inan et al., 2010).

RE-IA also advocates for the purposeful design of classroom environments and
experiences that provide materials, time and space for children to utilize their “100
languages” through artistic and/or emergent literacy engagement and storytelling (i.e. dance,
visual arts, music, drama and emergent symbolic writing) (Arseven, 2014). This includes
ensuring that classrooms are carefully equipped with print-rich materials, an array of visual
arts andwritingmaterials, communication-based technologies and dramatic and storytelling
props so children have the opportunity to translate concrete experiences into symbolic
expression. RE-IA teachers recognize language as including yet going beyond verbal means
(Fern�andez Sant�ın and Feliu Torruella, 2017). In RE-AI, multimodal artistic expression is not
secondary – instead, multimodal representational and artifact creation inmanymedia is seen
as a central element for gaining, deepening and depicting thinking (Baker, 2015; Gandini,
1993; Swann, 2008). We note that RE-IA’s concept of Ateliers (i.e. art workshops or studios
(Moss, 2016; Parnell, 2011) closely parallels STEM makerspaces, which are viewed as
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material-rich environments that allow for iterative, experimental and playful creative
expressions of knowledge (Gurjar, 2021; Marsh et al., 2019). The study of Ateliers and the
arts-infused practices of RE-IA may be critical for teachers engaging in EC-iSTEM
education, as research strongly suggests materials and experiences that foster multimodal
engagement offer the opportunity for pre-formal literate children to use verbal, kinesthetic
and physical modes of communication both for gaining early STEM multidisciplinary
conceptual knowledge and practicing modeling and communication skill development (Hu
et al., 2021; Johnston et al., 2022; Malone et al., 2018).

However, it is unclear if teachers who are utilizing RE-IA aremaking explicit pedagogical
connections to EC-iSTEM, and there is a specific lack of knowledge of implementation with
children from birth to age 3 (Trepanier-Street et al., 2001). And, with the lack of
implementation of EC-iSTEM in birth-to-age 5 classrooms (e.g. Johnston et al., 2022; Smart
and Lessons Learned From Successful Schools, 2013; Tippit and Milford, 2017), it is likely
that practitioners and researchers more generally are not utilizing RE-IA as a potential
pedagogical lens for EC-iSTEM. Specifically, there is a lack of investigation into how
practitioners, especially toddler and preschool teachers, perceive and implement both EC-
iSTEMandRE-IA in their classrooms. Since educational experiences from birth to age 5 play
a foundational role in shaping future learning paths and incorporating EC-iSTEM education
is crucial, this gap needs to be addressed.

Conclusion
The wider educational landscape, along with emergent thinking and research specific to the
early childhood education field, highlights the value and relevance of integrated
understandings of STEM both for academic success and everyday life (Johnston et al.,
2022). Yet, a major impetus for the dearth of implementation of STEM education in the early
years seems to be a lack of a precise framework for STEM as an integrated concept. In
moving forward, we suggest the iSTEM Rope Model and the conceptualization outlined in
this paper specifically for EC-iSTEM as a common starting point for grounding work with
children from birth to age 5. From this place, teachers and researchers will need to address
how the starting strings of knowledge and skill development identified in the iSTEM Rope
Model may be nurtured. Our discussion of key aspects of RE-IA indicates that this may not
be as great a pedagogical quandary as one might first suspect, with this well-known and
practiced approach to early childhood education offering potential insight into implementing
EC-iSTEM education. However, both the practical application of the conceptual framework
offered in this paper, as well as further investigation of linkages between EC-iSTEM and RE-
IA, need further study in birth-to-age 5 classrooms if we are to better support the EC-iSTEM
knowledge and skill development of our youngest children.

Notes
1. In the United States of America, early childhood education is generally defined as from birth to age 8

[3rd Grade] (NAEYC, 2020). However, this paper is specifically focused on the earliest end of this
spectrum – birth to age 5 (which, from the USA perspective, we denote as “Prekindergarten”). While
EC-iSTEM education generally spans from birth to age 8, when it is referenced here, we are
specifically speaking to intentional iSTEM instructional experienceswith children from age 5 (in the
infant, toddler and preschool range).

2. It is important to note that, like Scarborough’s reading ropemodel, the iSTEMRopeModel accounts
for the influence and impact of the sociocultural nature of learning (Vygotsky, 1978). However,
unlike Scarborough’s model, which suggests full integration and literacy expertise by around 3rd
grade (age 8–9), the trajectory for full integration and learner expertise in the iSTEM Rope Model is
posited to span through adolescence and/or adulthood.
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