
Journal of Mathematics Education                                             © Education for All 

2021, Vol. 13, No. 2, 1-7                               https://doi.org/10.26711/007577152790070 

 

Advancing Early STEM Identity 

Development: Insights into Early 

Childhood Mathematics Education 
 

Alyse C. Hachey 

University of Texas at El Paso, TX, United States 

 

There is now focused attention on the deliberate introduction of 

science, technology, engineering and mathematics (STEM) discipline 

instruction earlier in children’s schooling, with the immediate goal of 

fostering foundational content and skills and nurturing early STEM identity 

development in pre-primary children. Early STEM identity development is 

conceived as a social identity bound by early and deliberate exploration of 

STEM and an explicit recognition of the relevance of STEM-related activity 

in daily life (Hachey, 2020; Hachey, An & Golding, 2021). It is expressed in 

young children engaging in authentic STEM-related practices and roles, and it 

is grounded in the socio-educational interactions that contextualize 

meaningful early acquisition of STEM content knowledge. Yet many children, 

particularly those from low socioeconomic status backgrounds and 

ethnically/racially minoritized children) do not conceive of themselves in 

STEM roles nor do they develop STEM academic identities by the end of 

elementary school (Hachey, 2020; Talafian et al., 2019). While both state and 

federal early public schooling in the U.S. has traditionally been focused on 

cultivating young children’s literacy development, several recent Early 

Childhood Education policy reports appeal for more/equal emphasis of STEM 

discipline instruction in the early years (i.e., STEM Smart, 2013; Early STEM 

Working Group, 2017). This calls for research that digs deeper both into 

aspects of children’s early STEM thinking and how Early Childhood 

Education teachers can nurture its development. 

In particular, early mathematical reasoning has emerged as a 

significant area of interest in the development of young children’s early 

STEM (and overall) academic identity. The learning of mathematics and the 

development of mathematical identity specifically is now linked as function of 

young children engaging with and doing mathematics in everyday life, as well 

as the subjective appraisal of related subjective cognitive-emotional 

experience (Black et al., 2019; Grootenboer & Edwards-Groves, 2019). 

Further, the mathematical thinking ability by kindergarten is now being 

highlighted as a key component of both early school readiness and later 

academic success across all subject areas (i.e., Claessens & Engel, 2013; 

Watts et al., 2014). This stems from a plethora of research that positions 

infants, toddlers, preschoolers and early elementary children as capable of 
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engaging with diverse mathematical skills and understandings (Hachey, 

2013a).   

However, despite advances in research and theory, in terms of 

mathematical pedagogy, there remain gaps in the knowledge about how best 

to systematically help young children to learn mathematical concepts. To 

address this gap, the first article by Baroody et al. in this special issue on 

Early Childhood Mathematics Education seeks to make explicit the 

connection between promoted teaching practices and mathematical learning 

outcomes with young children. It draws from the rich theorizing of Sarama & 

Clements (2009) on hypothetical learning trajectories [HLTs] for young 

children (i.e., theoretically and empirically supported sequences of 

developmental levels and activities for promoting progress to each level) to 

critically and empirically examine HLTs as an instructional tool for working 

with preschoolers on patterning. Findings from Baroody et al. point to the 

potential of early mathematics instruction based on HLTs, as well as specific 

aspects of effectively engaging 3 and 4-year-olds with patterns.  

Moving beyond specific classroom intervention, the second article in 

this special issue by Lucero looks at the role of communities of practice 

during an after-school gardening project. The use of school gardens as a 

learning space has been increasing across the U.S.; the goal of school-based 

gardens is not only to develop future gardeners by learning gardening skills, 

but to also utilize gardens as a context and hands-on tool for academic subject 

learning (Cramer & Ball, 2019). Lucero’s article emphasizes real-life 

contextualized mathematics engagement during gardening as a means of 

fostering early mathematics learning, and more generally, STEM identity 

development in kindergarteners-2
nd

 graders. Her findings support other 

research that finds that informal and extension learning settings can provide 

substantial, high-quality STEM-focused social learning opportunities for 

young children (Hurst et al., 2019). 

The first two articles in this special issue, while applying different 

lenses and methodology, offer new insight into pedagogically engaging young 

children in early mathematics. Both Baroody et al. and Lucero’s articles add 

to a growing body of research that contends that teacher mediated 

explorations of hands-on materials have greater benefits for young children’s 

early learning than free play or direct instruction (Cutter-Mackenzie & 

Edwards, 2013; Fisher et al., 2013; Pyle, DeLuca & Danniels, 2017; 

Weisberg, Hirsh-Pasek & Golinkoff, 2013). Specifically, young children learn 

foundational math (and science) concepts, as well as gain early STEM identity 

development, through hands-on inquiry with manipulatives and 

experimentation, in combination with teacher mediated sense-making of these 

experiences. The Early Childhood teacher’s role, then, becomes to support 

meaningful connections to prior implicit knowledge, extend hands-on 

experiences, provide related academic language and to introduce and facilitate 

practice of specific disciplinary concepts. Such teaching is interactional and 
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improvisational (Forzani, 2014), as the Funds of Knowledge (Moll, 2019) that 

young children bring from home, along with the socio-educational encounters 

they engage in at school, serve as resources for teaching and learning 

(Brooker, 2010; Cutter-Mackenzie & Edwards, 2013; Erikson Institute, 2017; 

Pyle, DeLuca & Danniels, 2017; McCormick Smith & Chao, 2018). 

Moreover, the complexity of the interactional and improvisational 

nature of early mathematics teaching and learning is magnified when we 

consider the teacher-- and teacher-in-training—her/himself. Pre-service and 

in-service teacher identity and beliefs are shaped by their upbringing, culture 

and life experience—including memories of their past teachers and 

mathematical experiences (Aldemir & Sezer, 2009; Hachey, 2009; Hachey, 

2013b). The last three articles in this special issue contribute to the wider 

literature averring that preconceived beliefs about content and about teaching 

filter knowledge acquisition and influence experiences during teacher 

education (i.e., Çelikten, 2006), thus serving to inform teachers’ philosophy of 

teaching.  Yet, they extend this specifically to include the Early Childhood 

Education teacher.  

The need to reframe the negative mathematical beliefs of Early 

Childhood teachers is a common thread in much of the Early Childhood 

Mathematics Education literature (i.e., Geist, 2015; Hachey, 2009; 2013a/b). 

Owens (2007-08) argues that teachers (at all levels) need to become self-

regulated, confident learners with a sense of ownership in order to further 

develop their own identity as mathematical thinkers, and to in turn, promoting 

this in others. Hence, it is during teacher preparation that attitudes towards 

Early Childhood Mathematics Education can be (even must be) addressed. 

Yet, how to impactfully and effectively do this during teacher preparation is 

still in question. This idea is explored empirically by Gilken, Longley & 

Guirguis in the third article in this special issue. Their results suggest that 

constructivist curricular interventions in Early Childhood teacher preparation 

courses may serve to counteract negative attitudes towards mathematic and to 

positively impact pre-service teacher mathematical abilities and future 

mathematical algebraic practice with infants and toddlers.  

Garvis et al. (2012) note that pre-service Early Childhood Education 

teachers are only beginning to form the “wisdom of practice” and as such, not 

only their attitudes towards mathematics but their beliefs on knowledge 

acquisition impacts their own later teaching practice. Status differentiation and 

differences in past power issues can lead some pre-student teachers to assume 

knowledge is handed down to them and some to assume knowledge comes 

from empirical evidence, reason and activities that they themselves are 

capable of pursuing (Schommer-Aikins, 2004). This directly influences how 

they in turn go on to mathematically engage young children, as is explicated 

in the fourth article in this special issue by Davis. Davis’s article critically 

links pre-service teacher mathematical identity to young children 

mathematical identity development. Her findings shine a light on role of Early 
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Childhood teachers in contributing to mathematics socialization and the cycle 

of socially reproduced inequity in mathematics outcomes for students of color.  

The final article in this special issue by Reyes and Rothstein-Fisch 

suggests that addressing and reframing negative mathematics attitudes likely 

needs to go beyond pre-service intervention and into in-service professional 

development. Some past research with practicing Early Childhood Education 

teachers has suggested that just like in pre-service preparation, professional 

development experiences, too, are likely filtered by teacher beliefs and 

confidence in their mathematical content knowledge (Chen et al, 2014). Reyes 

and Rothstein-Fisch’s article helps to confirm past findings and provides 

insight into the un-packing that may be necessary during professional 

development focused on Early Childhood Mathematics Education.  

Young children’s socio-educational interaction with teachers and peers 

offers rich opportunities to learn foundational mathematical concepts and 

practice basic skills, as well as for children to begin to identify themselves as 

competent STEM thinkers and doers. Yet, the data show that less than 10% of 

Kindergarten through 2
nd

 grade instructional time in the U.S. is devoted to 

STEM discipline content (Pantoya, Aguirre-Munoz & Hunt, 2015). This 

special issue of JME, and all the articles therein, are a step in widening the 

conversation and deepening the knowledge to recognize and include young 

children and their teachers in discourses on teaching, learning and identity 

development both in mathematics education, and in STEM education more 

widely.  
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