Spatial skills in early childhood education



Abstract
Background: Spatial skills are a host of abilities that underpin processing of spatial information, such as shapes, locations, and inter-relations among entities and frames of reference (cf. Newcombe & Shipley, 2015). Spatial skills develop in early childhood and are malleable through pedagogical activities, which potentially makes them an important part of early educational curricula around the world.
Aims: The present study aimed to chart out the curricular representation and scope of spatial skills in fifty-two countries across six continents.
Sample: A total of 81 documents with curricular guidelines pertaining to early childhood education across fifty-two countries was collected and analyzed.
Methods: This study involved mixed methods, as the data was coded with a deductive six-phase latent thematic analysis (Braun & Clarke, 2006; Clarke & Braun, 2015). Five themes with a total of sixteen indicators were identified based on previous literature. The proportions of occurrences for each indicator were calculated and compared across the country-specific curricula. Descriptive statistics and Kruskal-Wallis tests were employed to address hypotheses posed in the study.
Results: The results showed that all countries but two mentioned diverse spatial skills, but the extent of such representation did not vary across curricula directed at infancy and toddlerhood, or the preschool years, or the entire early childhood. Although the development and the malleability of spatial skills was recognized, the sociodemographic diversity was not. Finally, most curricula included concrete pedagogical activities fostering spatial skills.
Conclusions: The representation of spatial skills was diverse and widespread around the world, both in the Global North and in the Global South.
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1. Introduction
Spatial skills are key for developing core competencies such as numeracy skills (Cornu et al., 2018; Fanari et al., 2019; Gilligan et al., 2019; Hawes & Ansari, 2020; Verdine et al., 2014a; Zhang et al., 2014 Zhang, 2016), math reasoning and knowledge (Casey et al., 2015; Rittle-Johnson et al., 2019), writing skills (Bourke et al., 2014), and motor skills (Jansen and Heil, 2010) in early childhood. Neglecting spatial development may potentially lead to developmental delays in such core competencies across childhood and adolescence, impacting prospective career path, academic achievement and well-being as recognized by scholars, practitioners, and policy makers (Bates et al. 2023; Hawes et al., 2022; Newcombe, 2017; Parsons & Bynner, 2005; Pritulsky et al. 2020; Ritchie & Bates, 2013). 
While research on the development and implications of spatial skills is flourishing, whether and which spatial skills are reflected in ECE curricula around the world remains understudied. Therefore, in the present study, we aimed to chart out the curricular representation and scope of spatial skills in fifty-two countries across six continents. To this end, we investigated (1) which spatial skills are reflected in the ECE curricula from fifty-two countries across six continents, (2) whether the development, the diversity and the malleability of spatial skills are recognized in the curricula, and (3) whether any concrete activities, such as completing jigsaw puzzles, engaging in block play or using maps and models, are offered in the curricula. 
	Spatial skills may not only contribute to prospective individual lifetime achievement, but were also repeatedly linked to factors beyond individual agency, such as gender or sociodemographic background. Individuals with stronger spatial skills are more likely to succeed in STEM subjects and, prospectively, careers (Science, Technology, Engineering, and Mathematics; e.g., Newcombe, 2010; Uttal et al., 2013; Verdine et al., 2017; Wai et al., 2009; Zhu et al., 2023). Whereas the notion that spatial skills are closely tied to STEM subjects is widespread in the literature (Gilligan-Lee et al., 2022; Wai et al., 2009; Yang et al., 2020), their relation to physical education, arts, or reading and writing remains underexplored. Of note, girls and children from lower socioeconomic status (SES) backgrounds were often shown to have lower spatial skills than boys and children from higher SES backgrounds (Abad et al., 2018; Levine et al., 1999, 2005; Verdine et al., 2014a, 2017). Given that spatial skills can be improved through training (Uttal et al., 2013; Weber et al., 2020; Yang et al., 2020), early educational focus on such skills may potentially equalize children’s opportunities for future achievement and wellbeing, bolstering the positive effect of participation in Early Childhood Education (ECE) for disadvantaged children (First Author, 2024; Schmutz, 2024). 
For the purposes of this study, we focused on level 0 of the International Standard Classification of Education, that is early childhood education (ISCED 01 & 02; UNESCO, 2012). This classification was adopted by major international organizations, such as the UNESCO, THE OECD, and the EU, to support cross-country comparisons of national education programs. Overall, the classification comprises nine levels, spanning from early childhood education (level 0) to the doctoral or equivalent level (level 8), but only the lowest level, directed at children between 0 and around 6 years of age, is relevant for the present study. While the age range of children attending ECE facilities varies across countries, it typically encompasses ages from 0 to 5 or 6 years. Among the selected curricula, some were directed at children between 0 and 8 years, and, for the sake of comparability, we classified them as encompassing ages from 0 to 6 years in this study.

1.1. Definition and classification of spatial skills
In the last half-century, the theoretical structure, development, and malleability of spatial skills were investigated under diverse umbrella-terms. These terms, akin to “spatial skills” (Bates et al., 2023; Bower et al., 2020; Gilligan-Lee et al., 2023; Newcombe & Frick; 2010; Newcombe & Shipley; 2015; Newcombe, 2017; Uttal et al., 2013; Yang et al., 2020), comprised spatial thinking (Gilligan-Lee et al., 2023; Hawes et al., 2022; McCluskey et al. 2023; Newcombe & Shipley, 2015; Pritulsky et al., 2020), spatial reasoning (Newcombe & Frick, 2010; Newcombe & Shipley, 2015; McCluskey et al. 2023), spatial representation and thinking (Newcombe & Frick, 2010), spatial intelligence (Newcombe & Frick, 2010; Newcombe, 2017), spatial intellect (Newcombe & Shipley, 2015), and, finally, spatial ability/abilities (Uttal et al., 2013; Wai et al., 2009; Zhu et al., 2023). There is little consensus as to whether these terms may be used interchangeably, and often definitions of the same term seem to diverge in terms of breadth and scope. For instance, while definitions of spatial reasoning concur on the ability to mentally manipulate spatial properties and relations between objects (Bates et al., 2023; Gifford et al., 2022; McCluskey et al., 2023; Mulligan, 2015), some extend to the ability to do so with relations between objects and oneself (Gifford et al., 2022), and spatial language and gesture (Bates et al., 2023). In a similar vein, while some definitions of spatial thinking overlap with the core definition of spatial reasoning and focus on “the ability to generate, manipulate and reason about spatial relations between and within objects” (Hawes et al., 2022; p. 112), others extend this definition to navigation of spaces and understanding of relative sizes, locations and orientations of objects (Pritulsky et al., 2020), or use “spatial thinking” as an even broader umbrella-term for “the ability to orient oneself or objects in space, either physically or mentally” (McCluskey et al. 2023; NRC, 2006) that extends to exploration and movement in 3D spaces (Whiteley et al., 2015) and visuospatial working memory (Hawes et al., 2015; Owens, 2015). Given that a consensus on such definitions is lacking, and that spatial skills seem to be the most popular and comprehensive umbrella-term, this term is adopted in the present study. Here, spatial skills are defined as the ability to process spatial information that “concerns shapes, locations, paths, relations among entities and relations between entities and frames of reference” (Newcombe & Shipley, 2015, p. 180).
Classifications of spatial skills typically followed a bottom-up inductive approach, wherein a latent construct was inferred from observable behavioral performance on measures that should tap into that construct (e.g., Carroll, 1993), or a top-down, theory-driven approach. In the case of spatial skills, the latter approach has become the most popular in the recent years (Uttal et al., 2013; Yang et al., 2020), classifying the host of spatial skills with respect to two dimensions: intrinsic vs. extrinsic and dynamic vs. static, supplemented with another class, i.e., spatialization (Newcombe, 2018; Newcombe & Shipley, 2015; Uttal et al., 2013). The first dimension differentiated between intrinsic spatial information embedded within a given object (its components and relations between these components) and extrinsic spatial information reflecting how the object relates to other objects in a group or a frame of reference. The second dimension differentiated between static spatial information, wherein objects do not change their position, and dynamic spatial information, wherein objects either become transformed, e.g., rotated or turned into a 3D model based on a 2D representation, or relocated. For example, in this classification, disembedding object components would be considered an intrinsic-static skill, rotating object components in mind would be an intrinsic-dynamic skill, describing the object’s position in relation to another object would be an extrinsic-static skill, and, finally, updating the object’s position in relation to another object after changing one’s own position would be classified as an extrinsic-dynamic skill. This 2x2 classification was recently supplemented by spatialization, an ability to use abstract representations required for thinking and reasoning about space, e.g., spatial language, gesture, diagrams, and maps (Newcombe, 2018). In practice, spatialization would support the efficient use of spatial representations such as maps or charts, communicating positions of objects by using phrases such as “up” or “next to”, or supplementing these phrases with relevant gestures. Note, however, that skills classified under spatialization may also be further classified as intrinsic or extrinsic and static or dynamic. For instance, gestures may refer to manipulation of a single object (intrinsic) or its movement in space (extrinsic); they may also be static (deictic), as is in the case of pointing, or dynamic (iconic), as is in the case of rotating one’s own fingers to show how a piece of puzzle should be rotated (Chatterjee, 2008; Pritulsky et al., 2020). 
	The 2x2 classification of spatial skills is typically embedded in the present, and, to date, has often excluded memory-based manipulation of “shapes, locations, paths, relations among entities and relations between entities and frames of reference” (Newcombe & Shipley, 2015, p. 180). Memory-based manipulation was, however, included under the umbrella-term of “spatial ability”, defined as the ability to generate,transform, and – critically - retain and retrieve spatial representations (Lohman, 1994; Wai et al., 2009), and under the umbrella term of “spatial thinking”, which included visuospatial working memory (Hawes et al., 2015; Owens, 2015; McCluskey et al., 2023). Given that both temporary maintenance and manipulation of spatial information in working memory, and retrieval from long-term memory are key, if somewhat implicitly, for efficient processing of spatial information, they were included in the host of spatial skills investigated in the present study.
	Finally, previous definitions and classifications of spatial skills typically focused on relevant cognitive rather than physical abilities, despite the importance of the latter in the evolutionary account of spatial skills (Newcombe et al., 2013). This account posits that intrinsic spatial skills map onto the demands of tool making, and that extrinsic spatial skills support navigation, two aspects of human survival (Newcombe et al., 2013). Neither tool making nor navigation would be possible without mastering precise hand postures or a broad repertoire of body movements. As such physical skills are a critical component of human functioning in spaces, are honed in early childhood, and physical spatial activity may impact the development of spatial skills, they were included in the present study alongside cognitive spatial skills.  

1.2.  The development of early spatial skills
Rudiments of intrinsic and extrinsic spatial skills emerge in infancy and continue to develop throughout early childhood, up to the elementary and the middle school years (10 and 13 years of age, respectively). 
Exercising intrinsic spatial skills hinges on dealing with object properties, such as size and relative position of object components. The ability to code these properties develops in the first year of life, as 6-month-olds begin to generalize spatial categories such as above vs. below and left vs. right to unfamiliar objects, not only those used during learning (Quinn et al., 1999). This coincides with infant’s ability to represent object’s size and shape by attending to height or length (Baillargeon, 1991) and angles (e.g., Lourenco & Huttenlocher, 2008), as well as to represent object trajectories and distance between objects (Newcombe et al., 1999). 
	Children can exercise intrinsic-static skills, such as identifying shapes embedded in a larger image by the age of 3, and their performance on this task improves between 3 and 5 years, and beyond, until 10 years (Busch et al., 1993). Two intrinsic-dynamic skills, mental rotation of 2D and 3D objects as well as mental folding, become reliably available from 5 years onwards (Frick et al., 2013 but see Frick & Wang, 2014). Mental rotation of 2D objects and mental folding considerably improve even later in development, between 7 and 8 years (Crescentini et al., 2014), and mental rotation of 3D shapes further improves until 10 (Vander Heyden et al., 2016) or 13 years (Johnson & Meade, 1987).
	In turn, exercising extrinsic-static skills hinges on the ability to detect, encode, store, and update positions of objects in relation to one another and to one’s own position. The positions of objects can be either encoded in relation to one’s own position, in egocentric, viewer-dependent, manner or in relation to external features of the environment, in allocentric, viewer-independent manner (see Vasilyeva & Lourenco, 2012).
	Extrinsic-static spatial skills develop throughout early childhood, and by the 9th month of life, infants begin to benefit from both egocentric and allocentric coding. By 9 months, infants not only compensate for changes in their own position (egocentric coding; Landau & Spelke, 1988; Rieser & Heiman, 1982) but also begin to use a salient landmark located close to a to-be-remembered object to encode the object’s position (Lew et al., 2000). By 12 months, infants begin to account for multiple changes to their own position but perform better on tasks that rely on landmarks for determining the object’s position (Lew et al., 2000). This coincides with an increase independent locomotion, i.e., crawling from 9 and walking from 12 months onwards. 
	Interestingly, children do not seem to significantly improve on egocentric coding abilities between 16 and 36 months of life (Newcombe & Huttenlocher, 2000). At 24 to 36 months, toddlers begin to benefit from the use of symbolic tools in spatial reasoning, e.g., using object correspondence to find a toy in a larger room based on a position of the toy’s analogue in a smaller model of the room (DeLoache et al., 1995). Eighteen- to 24-month-olds were shown to attend to diverse geometric and nongeometric cues when searching for an object after a brief period of spatial disorientation (being spun with eyes covered, e.g., Lourenco et al., 2009; Newcombe & Ratliff, 2007). Only 4-year-olds were able to map distance cues between a picture of a sandbox and its real-life analogue (Huttenlocher et al., 1999), and only 5- to 6-years-olds were able to map angular relations in similar tasks (Spelke et al., 2011).
	In general, toddlers show little development of either egocentric or allocentric coding, or the ability to integrate these two coding systems before the age of 6 (see Vasilyeva & Lourenco, 2012). Only at 6, children begin to use the external environmental cues when updating one’s own position during movement or matching the present views of the environment with those retrieved from memory is not available (Nardini et al., 2009). Around the same age, children begin to combine geometric (e.g., shape) with nongeometric cues (e.g., color) in spatial reorientation (Hermer & Spelke, 1994), but the integration of environmental cues with egocentric representations develops later, beyond the age of 8 (Nardini et al., 2008). Several potential mechanisms driving the development of children’s spatial skills were put forward, including the development of spatial language (Hermer-Vazquez et al., 1999) or the accumulation of spatial experience, guiding improved relevance judgments in relation to the available environmental cues (Newcombe & Ratliff, 2007).
	Extrinsic-dynamic spatial skills involve visualizing the environment from a different position, i.e., perspective taking. These skills hinge on allocentric coding (Frick et al., 2014b) and arguably develops in two stages; from 24 months onwards, the child understands that others may have a different point of view (Newcombe & Huttenlocher, 2000), and from 4-5 years onwards, the child begins to imagine what the world may actually look like from that perspective (Frick et al., 2014b). This latter ability continues to develop beyond 5, at least into the elementary school years (Frick et al., 2014b).
	Both intrinsic and extrinsic spatial skills continue to develop substantially between 6 and 12, with the emergence of the ability to mentally divide spatial layouts that lack physically defined divisions (from 6 onwards; Huttenlocher et al., 1994), to integrate spatial categories across two dimensions (from 7 onwards; Sandberg et al., 1996), and to code location in relation to several distant landmarks (from 7 onwards; e.g., Leplow et al., 2003). However, intrinsic skills seem to improve more between 6 and 8 years than extrinsic skills, whereas this relationship is inverted between 8 and 10 years (Hodgkiss et al., 2021). The ability to use symbolic representations of space, such as models and maps, likewise continues to develop beyond early childhood, during elementary and middle school years (Vasilyeva & Lourenco, 2012).
	Whereas using symbolic spatial representations may be available only from 4 years of age onwards, visuospatial memory, key for such use, may note significant improvements between the 2nd and the 3rd year of life (First Author et al., 2024; Mooney et al., 2024). However, these improvements may be limited to intrinsic-static, intrinsic-dynamic, and extrinsic-static skills, and may not extend to extrinsic-dynamic skills, developing between 4 and 6, and beyond (Foreman et al., 1984; Sorrentino et al., 2019).
	Based on previous research on the development of spatial skills in early childhood and beyond, all ECE curricula should involve intrinsic-static, intrinsic-dynamic, and extrinsic-static spatial skills. However, since children may not benefit from either the inclusion of extrinsic-dynamic skills or the use of spatial language and symbolic representation of space, such as models and maps, the inclusion of these skills may be missing from the curricula directed at infants and toddlers younger than 3. Previous interventions directed at children younger than 3 showed small to medium effect size for extrinsic-static skills (Nachtgäller et al., 2013; Yang et al., 2020) and large effect sizes for intrinsic-dynamic skills (Frick & Wang, 2014; Möhring & Frick, 2013). Interventions for 4- to 8-year-olds were far more common, addressed all spatial skills except for extrinsic-dynamic skills, and often yielded medium and large effect sizes (for an overview see Yang et al., 2020). 

1.3. Spatializing early childhood curricula
The host of spatial skills rapidly develops in early childhood (Mix et al., 2018; Möhring et al., 2021), and this development is sensitive to environmental factors (Verdine et al., 2014b; Golinkoff et al., 2019; Hart & Risley, 2003), such as access to spatial games, physical spatial activity and, potentially, parental use of spatial language. Furthermore, spatial skills are malleable and may be improved through interventions, both in early childhood and later in life (Yang et al., 2020). One such intervention involves spatializing ECE curricula, that is, introducing hands-on opportunities of employing spatial skills while learning subject knowledge, for instance, through using spatial gestures and spatial language (Newcombe, 2017). 
We expect that spatially rich curricula would involve (1) intrinsic-static skills, e.g., learning to differentiate between “up” and “down”, “left” and “right” among object components or to find a smaller shape in a larger arrangement of shapes, (2) intrinsic-dynamic skills, e.g., rotating a piece of a jigsaw puzzle to fit into an existing arrangement of pieces or building a 3D structure from blocks based on a picture of the desired result in 2D, (3) extrinsic-static skills, e.g., learning to differentiate between “up” and “down”, “left” and “right” in an array of objects or using landmarks marked on a map to find an object hidden in the playground, and (4) extrinsic-dynamic skills, e.g., learning to account for the fact that the left and the right sides of a jigsaw puzzle vary for two children sitting on the opposite sides of the table, or using landmarks to find hidden objects in the playground regardless of the start point. A spatially rich curriculum would further include activities that involve information continuously available in the environment, e.g., rotating a piece of a puzzle with one’s own fingers until it fits the rest of the puzzle, and information that needs to be manipulated in one’s own working or long-term memory, e.g., fitting a piece of a puzzle to the rest of the puzzle without rotating the piece with one’s own fingers beforehand. We would assume that symbolic representations, such as maps and models, would also be included in spatially rich curricula because using maps and models of space is key to spatial reasoning. Finally, these activities would apply to diverse knowledge domains in the curriculum, such as maths (e.g., manipulating shapes to create a new desired shape), science (e.g., interpreting pictures of animal life cycles with subsequent developmental stages and connecting arrows), physical education (e.g., repeating the movement of the teacher’s left hand rather than simply mirroring the movement, using one’s own right hand), arts (e.g., drawing a person with a circle on top of the 2D figure, representing the person’s head), and, finally, language skills (e.g., learning to scribble from left to right or top to bottom, depending on the culture-appropriate writing direction). Finally, we would expect that the curricula would contain concrete spatial activities, such as completing jigsaw puzzles, engaging in block play or using maps, rather than general statements, such as “develops 2D and 3D mental rotation”.
Whether, and to what extent, spatialization has been actually implemented within the ECE policy guidelines in the United States and beyond remains unclear. In general, to our knowledge, comparative curricular analyses provide little information on the representation and the scope of spatial skills, particularly in non-Western educational contexts. Given that early childhood is key for later achievement (Heckman, 2006) and, therefore, socioeconomic status, health, and wellbeing (by analogy to mathematics; Parsons & Bynner, 2005; Ritchie & Bates, 2013), fostering spatial skills in ECE curricula has the potential to foster individual achievement in adulthood.
	Some previous research showed that curricula based on structured, knowledge-rich approaches with an array of concrete activities spanning several knowledge domains (e.g., language skills and science) may foster high engagement and gains on vocabulary assessments in early childhood (e.g., French, 2004). The discussion on the importance of spatial skills in ECE curricula is ongoing (e.g., Newcombe & Frick, 2010) and previous research on points to the effectiveness of isolated pedagogical spatially oriented interventions in ECE (Mishra et al., 2025) and elementary school (cf. Bufasi et al., 2024). Although which spatially oriented ECE curricula are more successful than others and why remains unclear, cognitive developmental research suggests that the ECE curricula should foster intrinsic-static, intrinsic-dynamic, and extrinsic-static skills from the first to the sixth year of life, and extrinsic-dynamic skills between the third and the sixth year.

1.4.  Sociodemographic factors behind early spatial skills
Previous findings suggest that spatial skills are not only malleable but also tied to salient sociodemographic factors such as sex or family socioeconomic status in favor of males and children from wealthier families (e.g., Bachman et al., 2022; Jirout & Newcombe, 2015; Johnson et al., 2022; Lauer et al., 2019). Although sex differences may not emerge until later in life (Frick et al., 2014a; Frick & Möhring, 2013; Weber et al., 2024), and may be more robust for some spatial skills than others (Kotsopoulos et al., 2019; Levine et al., 1999; Lynn et al., 2005), the awareness of diversity of spatial skills and their malleability represented in the ECE curricula may be key to effective early childhood education. The notion that children from advantaged backgrounds (e.g., moderate high SES) may benefit more from educational interventions than those from disadvantaged (e.g., low SES) backgrounds has been investigated for several years (Bakermans-Kranenburg et al., 2005; Hindman et al., 2012). This correlation has been labelled as the Matthew effect, wherein (a) initial skill level begets future skill level, and (b) socioeconomic (dis)advantage begets socioeconomic (dis)advantage (Hindman et al., 2012; Walberg & Tsai, 1983). Initially, the Matthew effect in education referred to the observation that socioeconomic and ethnic groups with somewhat higher grades in early education than others would achieve much higher grades at later stages of education (Coleman et al., 1966; Walberg & Tsai, 1983). However, in research that followed that observation, the Matthew effect was shown to generalize onto intervention effects in early childhood education (Bakermans-Kranenburg et al., 2005; Hindman et al., 2012). Furthermore, it was shown that this effect may depend on the characteristics of the intervention, as, for instance, the quality of instructional process in the classroom and the availability of a multitiered-system-of-support (MTSS) were found to narrow the achievement gap between low-level and high-level vocabulary skills (Hindman et al., 2012; Coyne et al., 2019). Therefore, the quality and the extent of the representation of relevant skills in the curriculum may play a role in equalizing skill acquisition across children from diverse socioeconomic backgrounds. 
While curricula need to be knowledge-rich to foster skill acquisition (Vanhees et al., 2025), the inclusion of other factors that contribute to child’s skill levels may be as important to counter teachers’ implicit negative bias towards child’s skill levels if they believed that the child came from a low socioeconomic background (Doyle et al., 2021). For instance, it was found that the more teachers believed that the success in the school system depends on child’s skill level, the less supportive they were of actions aimed at reducing the SES-based inequities (Doyle et al., 2021). At present, ECE curricula are in general highly unlikely to account for factors other than skill level behind individual achievement (First Author et al., 2025), and yet research shows that such teachers’ biases are more likely to be reduced if both individuals and institutions engage in making those biases explicit and countered (Stephens et al., 2020). To debias the learning environment (Murphy et al., 2018), the ECE curricula may benefit student’s learning through tackling implicit teacher biases related to such factors as gender or the socioeconomic status behind individual achievement, both at large and in relation to spatial skills in particular. The precise choice of words in policy documents, i.e., framing of the factors beyond individual agency, in principle, has the potential to reduce teacher bias, but may also reinforce it instead. For instance, frames such as social justice or family impact (Bandara et al., 2021) and within-group comparisons of individual differences and outcomes (Amemiya et al., 2022), may be more effective than arguments from public safety (Bandara et al., 2021) and between-group comparisons (Amemiya et al., 2022). Furthermore, the effect that message framing has on the recipient may depend on the recipient’s previous experience and social group belonging. For instance, previous research showed that refuting stigmatizing narratives that, e.g., children of economically disadvantaged parents have lower spatial skills in this case, could lower the bias of teachers who do not come from economic disadvantage, but remain ineffective or even increase the bias of teachers with such background (cf. Vyncke & Van Gorp, 2018). 
It remains unclear whether factors beyond child’s agency are already explicitly considered in relation to spatial skills. Of note, to our knowledge, previous intervention studies targeting spatial skills predominantly, if not exclusively, focused on children raised in the educational context characteristic for the Global North, and so their results may not generalize beyond this context. Given that our analysis involves countries from both the Global North and the Global South, it highlights the importance of including the latter in spatial skills interventions and a unique outlook on the curricular representation beyond the Global North.  

1.5. Aims and hypotheses
In the present study, we investigated to what extent and detail spatial skills were represented in ECE curricula in fifty-two countries, and whether the diversity and the malleability of such skills was accounted for. We hypothesized that: 
(H1) Spatial skills will be represented across the curricula, but their representation may vary between curricula directed at infants and toddlers and those directed at infants, toddlers, and preschoolers or preschoolers only.
(H1a) Spatial skills will be represented in most, if not all, curricula, given the impact of international advisory organizations such as the Organization for Economic Co-operation and Development (OECD) and the World Bank on education worldwide, and the interest of these organizations in spatial skills (Newcombe, 2017; Moats, 2022). Recent review suggested that this may be the case in primary educational curricula in the European context (Bufasi et al., 2024), but such analyses for other contexts are missing.
(H1b) Assuming that ECE curricula are rooted in previous research on the developmental timing of spatial skills, the scope of intrinsic-static, intrinsic-dynamic, and extrinsic-static spatial skills will not vary across curricula, regardless of whether they are directed at infants and toddlers (0 to 3 years), or preschoolers (3 to 6 years), or both of these groups (0 to 6 years). However, the scope of extrinsic-dynamic spatial skills and skills related to symbolic representation may be underrepresented in curricula directed at infants and toddlers compared to those directed at 3- to 6-year-olds or children between 0 and 6 years of age.
(H1c) Given that memory-based manipulations of spatial information were underrepresented in previous research on early spatial skills (e.g., Newcombe & Shipley, 2015), memory-based spatial skills will be likewise underrepresented in early childhood curricula, compared to manipulation of spatial information in the present and symbolic manipulation (e.g., in communication or symbolic spatial representations of reality).
(H1d) Spatial skills will be represented across subject areas, with a higher representation in the domain of mathematics and science than physical education, arts, and reading and writing (Gilligan-Lee et al., 2022; Wai et al. 2009; Yang et al., 2020).
(H2) Diverse factors behind spatial skill acquisition will be represented across the ECE curricula.
(H2a) The relationship between sociodemographic factors and spatial skills will be reflected in few curricula, as, on the one hand, the relevant research generated mixed findings (Frick et al., 2014a; Frick & Möhring, 2013; Jirout & Newcombe, 2015; Kotsopoulos et al., 2019; Lauer et al., 2019; Möhring & Frick, 2013), and, on the other, a recent analysis showed that sociodemographic factors, in general, are underrepresented in early childhood curricula worldwide (First Author et al., 2025).
(H2b) The development and the malleability of spatial skills will be reflected in most curricula, given the widespread interest in relevant interventions (Uttal et al., 2013).
(H3) Concrete activities supporting the development of spatial skills may be proposed in few curricula, particularly in the United States and Canada, given that these states were most represented in previous research on malleability of spatial skills (Uttal et al., 2013).

2. Materials and Methods
2.1.  Scope
A deductive six-phase latent thematic analysis (Braun & Clarke, 2006; Clarke & Braun, 2015) was used to analyze early educational curricula from fifty-three countries (for a list see Table 1) across six continents. The sample comprised both countries that are OECD Member Countries/Key Partners, and non-Members (see Table 1), selected before for another study, with another scope (First Author et al., 2025). The selection of the countries was guided by the availability of ECE policy documents. Therefore, the analysis involved a convenience sample, during which we ensured that all continents/major regions were represented (Africa: 7%; Asia: 20%; Oceania: 14%; Europe: 59%; Middle East: 22%; North America: 13%; South America: 25% of all countries). For each of the countries, most recent government-endorsed curricula were retrieved between October and December 2022, using official Ministerial websites. All documents in languages other than English were translated and cross-checked across Google Translate and DeepL. Full texts of works were retrieved with Google Search engine, LubSearch engine and the search engine of Bibiliothèque nationale du Luxembourg. For an overview of the sources and child’s ages represented in the country-specific curricula please consult Table 1. Note that some countries were represented by more than one document, and that some were represented by governmental guidelines (Sweden), commercial curricula (the Netherlands and the United States), or ECE standards (e.g., Malaysia and the United States; Table 1). Given that the age range specific to early childhood could not be established for the guidelines from Ethiopia, this country was dropped from further analyses.

Table 1. 
Overview of the countries whose early curricula were analyzed in the study. 
	Continent
	Country
	Document
	Child’s age

	Africa 
	Ethiopia
	Federal Ministry of Education, The Federal Democratic Republic of Ethiopia (2021)
	unspecified

	
	Kenya
	Ministry of Education, Kenya Institute of Curriculum Development (2017)
	4 to 6 years

	
	South Africa
	South Africa Department of Basic Education (2015)
	0 to 4 years

	
	Tanzania
	Tanzania Institute of Education (2016)
	0 to 5 years

	Asia
	China (mainland)
	Ministry of Education of the People’s Republic of China (2012)
	3 to 6 years

	
	Hong Kong
	The Curriculum Development Council (2017)
	2 to 6 years

	
	India
	Ministry of Women and Child Development (2014)
	0 to 3 years

	
	Japan
	Ministry of Education, Culture, Sports, Science and Technology (2017)
	3 to 5 years

	
	Malaysia
	Ministry of Education Malaysia (2010a)
	4 to 6

	
	
	Ministry of Education Malaysia (2010b)
	4 to 6

	
	
	Ministry of Education Malaysia (2017)
	4 to 6

	
	Pakistan
	Ministry of Federal Education & Professional Training, Government of Pakistan (2017)
	4 to 5

	
	
	Ministry of Federal Education & Professional Training, Government of Pakistan (2020)
	4 to 5

	
	The Philippines
	Republic of the Philippines, Department of Education (2012)
	5 to 6

	
	
	Republic of the Philippines, Department of Education (2016)
	5 to 6

	
	Republic of Korea
	Ministry of Education, Science, and Technology (2007)
	3 to 5

	
	Singapore
	Ministry of Education (2022)
	4 to 6

	
	Taiwan
	Ministry of Education (2018)
	2 to 6

	Australasia 
	Australia
	Government of Western Australia (2021)
	3 to 5 years

	
	New Zealand
	Ministry of Education/Te Tāhuhu o te Mātauranga (2017)
	0 to 5 years

	Europe 
	Albania
	Ministria e Arsimit Sportit dhe Rinise / Ministry of Education, Sports and Youth (2018a)
	3 to 6 years

	
	
	Ministria e Arsimit Sportit dhe Rinise / Ministry of Education, Sports and Youth (2018b)
	0 to 6 years

	
	Austria
	Bundesministerium, Bildung, Wissenschaft und Forschung (2009)
	0 to 6 years

	
	Belgium
	Flemish Ministry of Education and Training - Agency for Quality Assurance in Education and Training (2015)
	1 to 5 years

	
	
	Ministère de la Communauté germanophone (2007)
	3 to 6 years

	
	Bulgaria
	Ministry of Education (2015)
	3 to 6 years

	
	
	Republic of Bulgaria, Ministry of Education and Science (2016)
	3 to 6 years 

	
	Croatia
	Ministarstvo znanosti, obrazovanja i športa (2011)
	0 to 6.5 years

	
	
	Ministarstvo znanosti, obrazovanja i športa (2015)
	0 to 6.5 years

	
	Czechia
	Ministerstvo školství, mládeže a tělovýchovy / Ministry of Education, Youth and Sports (2018)
	3 to 6.5 years

	
	Denmark
	Ministry of Children and Education (2020)
	0 to 6 years

	
	Estonia
	Vabariigi Valitsus/Government of the Republic (2008)
	6 to 7 years

	
	Finland
	Opetushallitus / Ministry of Education (2018)
	0 to 6 years

	
	France
	Ministère de l’éducation nationale et de la jeunesse (2021)
	0 to 6 years

	
	Germany
	Kultusminister Konferenz (2022)
	1.5 to 6 years

	
	Iceland
	Ministry of Education, Science and Culture (2011)
	1.5 to 6 years

	
	Ireland
	Ministry for Education and Science (2009)
	0 to 6 years

	
	Italy
	Il Presidente della Repubblica (2015)
	unspecified

	
	
	Il Ministro dell’Istruzione (2017)
	0- 6 years

	
	
	Ministero dell’Instituzione dell’Università e della Ricerca (2012)
	3 to 6 years

	
	Latvia
	Republic of Latvia (2018)
	5 to 6 years

	
	Lithuania
	Švietimo ir mokslo ministerijos, Švietimo aprūpinimo centras (2016)
	0 to 6 years

	
	Luxembourg
	Bühler et al. (2018)
	3 to 5 years

	
	
	La Chambre des Députés (2009)
	3 to 5 years

	
	Norway
	Ministry of Education and Research (2017)
	0 to 5 years

	
	Poland
	Minister Edukacji Narodowej / Ministry of Education (2017)
	3 to 6 years

	
	Portugal
	Ministério da Educação/Direção-Geral da Educação (2016)
	3 to 6 years

	
	Romania
	Ministerul Educatei Nationale (2019)
	0 to 3 years

	
	Slovakia
	Schválilo Ministerstvo školstva, vedy, výskumu a športu Slovenskej republiky (2022)
	3 to 6 years

	
	Slovenia
	Council of Experts of the Republic of Slovenia for General Education (1999)
	1 to 6 years

	
	Spain
	Ministerio de Educación y Formación Profesional (2022)
	0 to 6 years

	
	Sweden
	Skolverket (2019)
	1 to 5 years

	
	The Netherlands (commercial only)
	Ince & Schonewille (2017)
	0 to 6 years

	
	
	van Rijn & de Rolf groep (2023)
	2 to 7 years

	
	The United Kingdom (England and Northern Ireland)
	Department of Education, England (2021)
	0 to 5 years

	
	
	Council for the Curriculum, Examinations and Assessment (2018)
	2 to 5 years

	Middle East
	Jordan
	Sultana (2009)
	3 to 6 years

	
	Israel
	Azulay et al. (2010)
	unspecified

	
	
	State of Israel Ministry of Education, Preschool Education, Division Preschool Educational Practice (2010)
	3 to 5 years

	
	Saudi Arabia
	Saudi Arabia Ministry of Education (2018a)
	0 to 6 years

	
	
	Saudi Arabia Ministry of Education (2018b)
	0 to 3 years

	
	Türkiye
	Milli eğitim bakanlığı / Ministry of Education (2018a)
	0 to 3 years

	
	
	Milli eğitim bakanlığı / Ministry of Education (2018b)
	0 to 3 years

	North America
	Canada (Prince Edward Island and Quebec)
	Flanagan (2011)
	0 to 4 years

	
	
	Prince Edward Island Department of Education and Early Childhood Development (2008)
	3 to 6 years

	
	
	Gouvernement du Québec, Ministère de l’Éducation (2001)
	4 to 5 years

	
	
	Ministère de l'Éducation, du Loisir et du Sport (2013)
	4 years

	
	Mexico
	Secretaria de Educación Publica (2015)
	3 to 5 years

	
	
	Secretaria de Educación Publica (2017)
	3 to 5 years

	
	USA (commercial and governmental)
	Teaching Strategies (2022a)
	0 to 3 years

	
	
	Teaching Strategies (2022b)
	3 to 5 years

	
	
	Teaching Strategies (2022c)
	0 to 8 years

	
	
	U.S. Department of Health and Human Services, Administration for Children and Families, Office of Head Start (2010)
	3 to 5 years

	
	
	HighScope Educational Research Foundation (2022a)
	0 to 3 years

	
	
	HighScope Educational Research Foundation (2022b)
	3 to 4 years

	
	
	Maryland State Department of Education Division of Early Childhood Development (2016)
	0 to 8 years

	
	
	Ohio Department of Education (2022)
	0 to 5 years

	
	
	Virginia Board of Education (2021)
	0 to 5 years

	South America 
	Argentina
	Ministerio de Educacion, Ciencia y Technologia (2012)
	0 to 6 years

	
	Brazil
	MINISTÉRIO DA EDUCAÇÃO / Ministry of Education (2018)
	0 to 5 years

	
	Chile
	Ministerio de Educación / Ministry of Education (2018)
	0 to 5 years


Note. For all documents, where age range was not stated explicitly, the range was derived from information about the relevant education system. For the sake of comparability, age spans were collapsed into three groups: 0 to 3 years, 3 to 6 years, and 0 to 6 years (even for 0 to 5 years and 0 to 8 years). Ethiopia was excluded from the analysis. 

2.2. Data curation
Five themes were identified deductively, based on previous literature, hypotheses H1-H3, and inductively, based on a close reading of the text by the first author (familiarization with the materials; Braun & Clarke, 2006). These themes pertained to (1) Spatial skill classification (Intrinsic-Extrinsic, Static-Dynamic); (2) The cognitive dimension of spatial skills; (3) The subject domains that invoke the importance of spatial skills; (4) Development, diversity, and malleability of spatial skills, and finally (5) The presence of concrete pedagogical activities fostering spatial skills in early childhood. The indicators identified within each theme, alongside with their definitions, are listed in Table 2. 

Table 2. Overview of the themes and indicators used in the analysis. 
	Theme 1: Spatial skill classification

	Intrinsic Static (INTR STAT)

	· skills that relate to configuration of a single object or a set of objects (cf. Yang et al., 2020)/
· manipulation of objects and their parts (cf. Bates et al., 2023)/
· “coding the spatial configuration (or shape) of objects; picking shapes out from overlapping objects or other perceptual information; identifying regions of space as categories” (Newcombe & Shipley, 2015; p. 5)/
· “perceiving objects, paths, or spatial configurations amid distracting background information” (Uttal et al., 2013; p. 355)
· Examples: categorizing objects based on their spatial features; figure copying; spatial scaling; disembedding; carving space into categories; identifying size and orientation of objects; symbols, e.g., verbal labels or gestures for shape.
· Representations that involve size and orientations of objects should also be classified as such spatial skills.

	Intrinsic Dynamic (INTR DYN)

	· skills that relate to transformation of spatial codings of objects (cf. Yang et al., 2020)/
·  “transforming the spatial codings of objects, including expansions or reductions in size, rotation, cross-sectioning, folding, bending, breaking and sliding; accumulating sequences of such changes and visualizing change over time and an end product; relating 2- and 3-dimensional views to each other” (Newcombe & Shipley, 2015; p. 5)/
·  “piecing together objects into more complex configurations, visualizing and mentally transforming objects, often from 2D to 3D, or vice versa; rotating 2D or 3D objects” (Uttal et al., 2013; p. 355)
· Examples: imagining a future state of rotating an object; relating 2D and 3D representations; penetrative thinking (cross-sectioning, and relating the cross sections); folding and bending
· sequential thinking (visualizing a series of mental transformations); symbols, e.g., verbal labels or gestures for rotation.
· Object transformations and movement of objects/one’s own fingers or hands should be classified as such spatial skills.

	Extrinsic Static (EXTR STAT)

	· skills that support identifying the spatial location of objects relative to others (cf. Yang et al., 2020)/
· “coding the spatial location (or position) of objects relative to other objects or to a reference frame, including gravity; aligning location codings that differ in scale” (Newcombe & Shipley, 2015; p. 5)/
· “understanding abstract spatial principles, such as horizontal invariance or verticality” (Uttal et al., 2013; p. 355)
· Examples: representing the location of objects in a map; locating an object and self with respect to a frame of reference; alignment, i.e., relating different ways of location coding, scales, and space-time; symbols, e.g., verbal labels or gestures for location; counting objects one after another, for instance, in one-to-one-correspondence.

	Extrinsic Dynamic (EXTR DYN)

	· skills that relate to transformation of the inter-relations of objects in movement (cf. Yang et al., 2020)/
·  “transforming the inter-relations of objects as one or more of them moves, including the viewer (e.g., to maintain a stable representation of the world during navigation and to enable perspective taking)” (Newcombe & Shipley, 2015; p. 5)/
·  “visualizing an environment in its entirety from a different position” (Uttal et al., 2013; p. 355)
· Examples: perspective taking in understanding astronomy; proportional reasoning; updating static representations given movement of objects; updating static representations given self-movement (perspective-taking); symbols, e.g., verbal labels or gestures for changes in location/movement

	Theme 2: Cognitive underpinnings of spatial skills

	Spatial skills related to continuously available information (KNOW)

	· skills than involve recognition and classification of spatial information continuously available in the environment (accessible by sensory exploration)

	Spatial skills related to information held in/retrieved from memory (MEM)

	· skills that involve temporary maintenance and manipulation or retrieval of spatial information that is not available in the environment (inaccessible by sensory exploration)

	Spatial skills related to symbolic representation (SYMB)

	· skills that serve communication of spatial information via language, gesture, charts, drawings etc.

	Theme 3: The subject domains that invoke the importance of spatial skills

	Mathematics (MATH)

	· skills related to arithmetic, geometry and other relevant subfields of mathematics

	Science (SCI)

	· skills related to geography, biology, chemistry and other fields of science

	Physical Education (PE)

	· skills related to precision and range of movements, as well as stamina

	Arts (ART)

	· skills related to artistic creation and self-expression, including drawings, coordinated dance etc.

	Reading and writing (LANG)

	· skills related to reading and writing

	Theme 4: Development, diversity, and malleability of spatial skills

	Development (DEV)

	· explicit recognition that spatial skills develop in early childhood

	Diversity (DIVERS)

	· explicit recognition that spatial skills correlate with sociodemographic factors

	Malleability (MAL)

	· explicit recognition that spatial skills may improve with training

	Theme 5: Concrete activities (CONCR)

	· concrete examples of activities that relate to spatial skills



Coding Themes 2-5 was conditional upon coding Theme 1. In other words, if a spatial skill mentioned in a given statement could not be classified as an Intrinsic/Extrinsic Static/Dynamic, the statement was removed. In the first round of data curation, the data for one country (Australia) were separately close-read and coded by Rater 1 (the first author) and Rater 2 (the second author), using a pre-specified coding scheme with the definitions of each indicator (see Table 2). For each statement ending with a line break, the Raters were tasked with listing all indicators applicable to that statement at the end of it (coding themes; Braun & Clarke, 2006). If the statement was not related to any of the indicators, the Raters would cross it out. At this point, no keywords were specified and all statements in the dataset should have been coded. In the second round of data curation, the Raters jointly discussed each of the statements, clarifying their reasoning behind the coding, taking minutes from the discussion, and updating the coding scheme (reviewing themes; Braun & Clarke 2006). Next, the updated coding scheme was used to code a sample of five further countries (Belgium/German-speaking, Philippines, Portugal, Saudi Arabia, and US/Virginia). The instances of coding for each indicator were summed up for each Rater and Spearman’s rho was calculated to establish the interrater agreement. Spearman’s rho was used because the cross-country analysis relied on the overall numbers of indicator occurrences on a document, not statement, level. At this point, the agreement was high for the indicators in Themes 2, 3, and 5 but not Themes 1 and 4 (see Table S1), and the Raters agreed to establish a list of keywords that would constrain the number of coded statements (see Supplementary Information 1). Thereafter, the already-coded sample (Australia, Belgium/German-speaking, Philippines, Portugal, Saudi Arabia, and US/Virginia) was coded again by both Raters, and this time round Spearman’s rho was deemed sufficiently high for a very good interrater agreement (see Table S1). The coding scheme was finalized at this point and used to code the data separately for the remaining forty-eight countries (Rater 1: twelve countries, Rater 2: thirty-six countries). In the final dataset, ratings submitted by Rater 1 for the countries coded by both Raters were removed, given that Rater 2 coded a majority of the data. For examples of statements and indicators that were assigned to them during coding, see Figure 1.

Figure 1. 
Six examples of relevant statements, the indicators assigned, and the reasoning behind such assignment.
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2.3. Data analysis
The number of occurrences for each indicator and each document was, first, summed up for each country. The sums for countries comprising several states (Belgium, Canada, the United Kingdom, the United States) were subsequently divided by the number of states included in the analysis (Belgium: by 2, Canada: by 2, the United States: by 3 for the commercial curricula and by 3 for the government-endorsed curricula. Of note, coding Themes 2-5 was conditional upon coding Theme 1, and so the processed data was calculated in the following way for each country. For Theme 1, the number of occurrences of each indicator was divided by a sum of all occurrences of the Theme 1 indicators. For Themes 2-5, the number of occurrences of each indicator was likewise divided by a sum of all occurrences of the Theme 1 indicators. Given that some curricula contained far more statements than others, this allowed for standardizing the data ahead of cross-country comparisons. If a given statement referred to, e.g., both INTR STAT and INTR DYN, it was counted twice.
	For example, if Country X was represented by a single document, first, the number of all coded statements would be calculated, e.g., 50 statements in total. For Theme 1, i.e., intrinsic/extrinsic static/dynamic skills, the number of statements with these indicators was calculated, e.g., 15 statements for INTR STAT, 15 for INTR DYN, 10 for EXTR STAT, and 10 for EXTR DYN. Each of these numbers was then divided by 50 and multiplied by 100 to obtain country-specific percentages. Thereafter, a median of the country-specific percentages and other relevant descriptive statistics would be calculated and listed in Table 3. Among these statements, some would be classified as KNOW, e.g., 13, or MEM, e.g., 17, or SYMB, e.g., 20. The country-specific percentages for KNOW, MEM, and SYMB would be divided by 50 and multiplied by 100 to obtain country-specific percentages, which would then undergo the same process as the INTR STAT, INTR DYN, EXTR STAT, and EXTR DYN indicators to result in the percentages listed in Table 3.
Table 3 represents the lowest and the highest scores for each indicator across the sample of all countries included in the analysis. For each indicator, there was a country where none of the statements represented that indicator (hence the lowest score equaled 0%), but only for DIVERS it was the case across all countries (hence the highest score equaled 0%). The higher IQR scores, the higher the dispersion of middle 50% of the data was. In practice, this means that, for instance, few curricula represented memory-based skills at the median level (IQR at 5.9%), whereas nearly a half of the curricula represented concrete activities at the median level (49.8%).
To address hypotheses H1a, H2a, H2b, and H3, descriptive statistics were used. To address H1b, the dataset was first split four ways, depending on the skill category, and, thereafter, four Kruskal-Wallis tests (“kruskal_test” function from “rstatix”package; Kassambara, 2023) were used, followed by Dunn’s tests (“dunn_test” function from “rstatix”; Kassambara, 2023) to establish pairwise comparisons between the “birth to 3”, “3 to 6”, and “birth to 6” age range groups in relation to skill categories. For the full nonsplit dataset, another Kruskal-Wallis was run, followed by a Dunn’s test to establish pairwise comparisons between the “one to three”, “three to six”, and “one to six” age range groups in relation to the “SYMB” indicator. To address H1c, a Kruskal-Wallis test was used, followed by a Dunn’s test to establish pairwise comparisons between the “KNOW”, “MEM”, and “SYMB” indicators. To address H1d, a Kruskal-Wallis test was used, followed by a Dunn’s test to establish pairwise comparisons between the “MATH”, “SCI”, “PE”, “ART”, and “LANG” indicators. The code is available in the Supplementary Information 2.

3. Results
3.1. Descriptive statistics
For an overview of descriptive statistics for each indicator see Table 3 and for an overview of correlations between the indicators see Table 4. The proportion of statements related to intrinsic-static spatial skills was significantly negatively correlated with the proportion of statements related to intrinsic-dynamic spatial skills (r = -.43, p = 0.001), but none of the extrinsic (static or dynamic) skills. Furthermore, the proportion of statements related to intrinsic-static spatial skills was significantly positively correlated with the proportion of statements related to math (r = .67, p < 0.001) as well as reading and writing (r = .5, p < 0.001), and the proportion of statements related to the malleability of spatial skills (r = .4, p = 0.003). The proportion of statements related to intrinsic-dynamic spatial skills was significantly negatively correlated with the proportion of statements related to math (r = -.39, p = 0.004), and positively with the proportion of statements related to physical education (r = .32, p = 0.02), as well as arts (r = .41, p = 0.002). The proportion of statements related to extrinsic-static spatial skills was significantly positively correlated with the proportion of statements related to continuously available spatial information (r = .35, p = 0.01), and memory-based spatial information (r = .38, p = 0.005), and the proportion of statements related to concrete pedagogical activities (r = .36, p = 0.008). However, the proportion of statements related to extrinsic-static spatial skills was significantly negatively correlated with the proportion of statements related to arts (r = -.32, p = 0.02), and the malleability of spatial skills (r = -.3, p = 0.026). Finally, the proportion of statements related to extrinsic-dynamic spatial skills was significantly positively correlated only with the proportion of statements related to science (r = -.27, p = 0.046). The dataset is available in the Supplementary Information 3.

Table 3. 
An overview of the descriptive statistics for each indicator.
	Indicator
	Lowest score
	Highest score
	Median
	IQR
	Mean
	SD

	INTR STAT
	0%
	100%
	43.4%
	20.8%
	43.9%
	21.4%

	INTR DYN
	0%
	100%
	26.9%
	14.5%
	28.2%
	17.8%

	EXTR STAT
	0%
	40%
	10.5%
	11.8%
	10.8%
	9.1%

	EXTR DYN
	0%
	44.4%
	11.8%
	18.6%
	13.4%
	11.2%

	KNOW
	0%
	100%
	68.4%
	35.4%
	61.3%
	26.9%

	MEM
	0%
	23.1%
	0%
	5.9%
	4%
	6%

	SYMB
	0%
	100%
	22.4%
	19.8%
	25.2%
	20%

	MATH
	0%
	100%
	12.5%
	13.4%
	16.8%
	19.4%

	SCI
	0%
	33.3%
	0%
	5%
	3.4%
	6.5%

	PE
	0%
	66.7%
	5.9%
	11.1%
	8%
	10.9%

	ART
	0%
	75%
	12.5%
	18.5%
	15.6%
	16.2%

	LANG
	0%
	100%
	5.9%
	14.7%
	9.6%
	15.2%

	DEV
	0%
	100%
	2.9%
	9.1%
	11.9%
	21.3%

	DIVERS
	0%
	0%
	0
	0
	0
	0%

	MAL
	0%
	100%
	2.6%
	7.7%
	12.6%
	25.1%

	CONCR
	0%
	95.5%
	68.8%
	49.8%
	54.9%
	33.1%






1

	Table 4.
Correlations among the Indicators (Pearson’s r). 

	
	INTR DYN
	EXTR STAT
	EXTR DYN
	KNOW
	MEM
	SYMB
	MATH
	SCI
	PE
	ART
	LANG
	DEV
	DIVERS
	MAL
	CONCR

	INTR STAT
	-.43**
	-.29*
	-.29*
	.17
	-0.008
	.31*
	.67***
	.015
	-.21
	.016
	.5***
	.25
	0
	.4**
	.13

	INTR DYN
	
	-.065
	-.16
	.084
	-.095
	.034
	-.39**
	-.048
	.32*
	.41**
	-.19
	.-.012
	0
	-.071
	-.066

	EXTR STAT
	
	
	.24
	.35*
	.38**
	.017
	-.11
	-.06
	.086
	-.32*
	-.25
	-.2
	0
	-.3*
	.36**

	EXTR DYN
	
	
	
	.041
	.091
	-.11
	-.29*
	.27*
	.093
	-.093
	-.24
	-.11
	0
	-.24
	.13

	KNOW
	
	
	
	
	.3*
	-.37**
	.13
	-.11
	.17
	-.29
	-.25
	-.13
	0
	-.089
	.48***

	MEM
	
	
	
	
	
	-.14
	.057
	.022
	.13
	-.16
	-.013
	-.15
	0
	-.16
	.35**

	SYMB
	
	
	
	
	
	
	.22
	.024
	-.21
	.35*
	.51***
	.36**
	.0
	.18
	-0.015

	MATH
	
	
	
	
	
	
	
	-.061
	.019
	-.18
	.5***
	.36**
	0
	.68***
	-.16

	SCI
	
	
	
	
	
	
	
	
	-.099
	-.001
	-.1
	.086
	0
	-.037
	-.084

	PE
	
	
	
	
	
	
	
	
	
	.27*
	-.019
	.24
	0
	.3
	-0.004

	ART
	
	
	
	
	
	
	
	
	
	
	-.019
	.23
	0
	.24
	-.12

	LANG
	
	
	
	
	
	
	
	
	
	
	
	.48***
	0
	.36**
	-.029

	DEV
	
	
	
	
	
	
	
	
	
	
	
	
	0
	.6***
	-.45**

	DIVERS
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0

	MAL
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-.5***

	Note. Please consult Table 2 for the full description of the indicators. * = p < .05; ** = p < .01; *** = p < .001





3.2. (H1a) All countries but two mentioned spatial skills in the ECE curricula
In line with the expectations, among all countries included in the study, fifty mentioned spatial skills in the early childhood curricula, and two (Bulgaria and Taiwan) did not. Overall, intrinsic-static spatial skills were represented in 94.2% of the countries (except for Bulgaria, Spain, and Taiwan), intrinsic-dynamic spatial skills in 90.4% of the countries (except for Bulgaria, Denmark, Germany, Romania, and Taiwan), extrinsic-static spatial skills in 75% of the countries (except for Argentina, Brazil, Bulgaria, Croatia, Denmark, Finland, Germany, Israel, Japan, Jordan, Kenya, Malaysia, and Taiwan), and extrinsic-dynamic spatial skills in 78.9% of the countries (except for Albania, Bulgaria, Croatia, Denmark, Finland, Jordan, Kenya, Malaysia, Norway, Romania, and Taiwan). For an overview of the country-specific proportions of statements related to intrinsic/extrinsic static/dynamic skills, see Figure 2.

Figure 2. 
An overview of the country-specific proportions of intrinsic/extrinsic static/dynamic spatial skills. 
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Note. No spatial skills were represented in the curricula from Bulgaria, and Taiwan. Ethiopia was excluded from the analysis because the age range specific to early childhood could not be established.

3.3. (H1b) Age ranges included in the ECE curricula were not related to skill category or the inclusion of spatial symbolic representations
In line with the expectations, Kruskal-Wallis tests indicated no significant differences between the proportions of statements related to either intrinsic-static, or intrinsic-dynamic, or extrinsic-static spatial skills across the three age range groups (χ2 (2, 53)  = 0.347, p = .841; η2 = -0.033; χ2 (2, 53)  = 2.82, p = .244; η2 = 0.016; χ2 (2, 53)  = 5.81, p = 0.055; η2 = 0.076, respectively). Although the Kruskal-Wallis test regarding the proportion of statements related to extrinsic-dynamic skills showed a significant difference across the three age range groups (χ2 (2, 53)  = 6.76, p = .034; η2 = 0.095), the pairwise comparisons with the Bonferroni correction did not show any significant differences between the age range groups (birth to 3 vs. 3 to 6: p = 1; birth to 3 vs. birth to 6: p = .318; 3 to 6 vs. birth to 6: p = 0.063). 
In the ECE curricula from birth to 3 years, intrinsic-static skills were represented in Mdn = 33.3% (IQR = 33.7%) of statements, intrinsic-dynamic skills in Mdn = 37.7% (IQR = 22.2%), extrinsic-static skills in Mdn = 18.5% (IQR = 7.3%), and extrinsic-dynamic skills in Mdn = 3.7% (IQR = 7.6%).
In the ECE curricula from 3 to 6 years, intrinsic-static skills were represented in Mdn = 45.8% (IQR = 22.8%) of statements, intrinsic-dynamic skills in Mdn = 30.3% (IQR = 9.9%), extrinsic-static skills in Mdn = 7.5% (IQR = 12.5%), and extrinsic-dynamic skills in Mdn = 7.3% (IQR = 8.3%).
In the ECE curricula from birth to 6 years, intrinsic-static skills were represented in Mdn = 40.9% (IQR = 18.9%) of statements, intrinsic-dynamic skills in Mdn = 22.8% (IQR = 15.6%), extrinsic-static skills in Mdn = 11.3% (IQR = 7.8%), and extrinsic-dynamic skills in Mdn = 17.8% (IQR = 16.6%).
Contrary to the expectations, there were no significant differences between the proportions of statements related to symbolic spatial representations across the three age range groups (χ2 (2, 53)  = 0.0595, p = .971; η2 = -0.039; birth to 3: Mdn = 22.5%; IQR = 24.9%; 3 to 6: Mdn = 21.6%; IQR = 24.5%; birth to 6: Mdn = 22.8%; IQR = 18.1%).

3.4. (H1c) Memory-based spatial skills were underrepresented across the ECE curricula 
In line with the expectations, a Kruskal-Wallis test indicated significant differences between the representations of spatial skills involving continuously available spatial information, memory-based spatial information, and symbolic spatial representations (χ2 (2, 159)  = 90.1, p = < .001; η2 = 0.565). The spatial skills that involved spatial information continuously available in the environment were represented in Mdn = 68.4% (IQR = 35.4%) of statements in the ECE curricula; the memory-based spatial skills were represented in Mdn = 0 % (IQR = 5.9%), and the skills involved in symbolic spatial representation in Mdn = 22.4% (IQR = 19.8%) of the ECE curricula. Post-hoc comparisons with Dunn’s method with a Bonferroni correction for multiple tests indicated that the proportion of statements related to spatial skills that involve memory-based manipulation of information was significantly lower than the proportion of statements related to continuously available spatial information (p < 0.001) or symbolic spatial representations (p < 0.001). Furthermore, the proportion of statements related to continuously available spatial information was significantly greater than the proportion of statements for symbolic spatial representations (p < 0.001).

3.5. (H1d) Science-related spatial skills were poorly represented in the ECE curricula
A Kruskal-Wallis test indicated significant differences between the representation of spatial skills across subject domains (χ2 (4, 265)  = 44.4, p = < .001; η2 = 0.155). The spatial skills related to math were represented in Mdn = 12.5% (IQR = 13.4%) of the statements, to science in Mdn = 0% (IQR = 5%) of the statements, to physical education in Mdn = 5.9% (IQR = 11.1%) of the statements, to arts in Mdn = 12.5% (IQR = 18.5%) of the statements, and, finally, to reading and writing in Mdn = 5.9% (IQR = 14.7%) of the statements.
In line with the expectations, the proportion of statements related to math was higher than the proportion of statements related to physical education (p = 0.001), and the proportion of statements related to reading and writing (p = 0.007). None of the remaining results was in line with the expectations. The proportion of statements related to math was significantly higher than the proportion of statements related to science (p < 0.001), and there was no significant difference between the proportion of statements related to math and the proportions of statements related to arts (p = 0.633). Spatial skills related to arts as well as reading and writing were further significantly more represented than those related to science (art vs. science: p < 0.001; reading and writing vs. science: p = 0.002).

3.6.  (H2a) The relationship between sociodemographic factors and spatial skills was represented in none of the ECE curricula
In line with the expectations, the relationship between sociodemographic factors and spatial skills was underrepresented across the ECE, as it was absent in all curricula.

3.7. (H2b) The development and the malleability of spatial skills was represented in most ECE curricula 
The development of spatial skills was recognized and represented in 61.54% of the countries included in the analysis (Mdn =2.86%, IQR = 9.09% of statements). 
The malleability of spatial skills was recognised and represented in 55.77% of the countries included in the analysis (Mdn =2.56%, IQR = 7.69% of statements). 
An overview of the relevant results, ranked by representation size, is available in Table 5.

Table 5. 
A list of curricular representation of two indicators: “Development” and “Malleability” per country, ranked by representation size.
	Indicator
	Country
	Score

	Development
	Jordan
	100%

	
	Germany
	75%

	
	Kenya
	66.7%

	
	Norway
	50%

	
	India
	48.2%

	
	Luxembourg
	38.5%

	
	Austria
	33.3%

	
	Singapore
	32.7%

	
	Finland
	25%

	
	Ireland
	22.7%

	
	Albania
	20%

	
	Japan
	18.2%

	
	New Zealand
	12.5%

	
	Israel
	9.1%

	
	Pakistan
	9%

	
	Chile
	8.1%

	
	Portugal
	7.7%

	
	Sweden
	7.7%

	
	Brazil
	5.9%

	
	South Africa
	5.9%

	
	Saudi Arabia
	5%

	
	The United States 
(government-endorsed curricula)
	4.4%

	
	Lithuania
	3.6%

	
	Slovenia
	3.4%

	
	Belgium
	3.4%

	
	Australia
	3.1%

	
	Poland
	2.9%

	
	The United Kingdom
	2.8%

	
	Canada
	2.3%

	
	The United States 
(commercial curricula)
	1.5%

	
	Slovakia
	1.5%

	
	The Philippines
	1.2%

	
	Hong Kong
	0.9%

	Malleability
	Denmark
	100%

	
	Jordan
	100%

	
	Kenya
	100%

	
	New Zealand
	62.5%

	
	Finland
	50%

	
	Latvia
	27.3%

	
	Germany
	25%

	
	Finland
	25%

	
	Norway
	25%

	
	Luxembourg
	23.1%

	
	Austria
	22.2%

	
	Albania
	20%

	
	Slovenia
	10.2%

	
	Sweden
	7.7%

	
	Saudi Arabia
	7.5%

	
	The Philippines
	7.3%

	
	Pakistan
	7%

	
	Republic of Korea
	6.5%

	
	Poland
	5.7%

	
	Hong Kong
	5.1%

	
	Ireland
	4.6%

	
	Estonia
	4.2%

	
	The United Kingdom
	3.8%

	
	Slovakia
	3.8%

	
	South Africa
	2.9%

	
	Israel
	2.7%

	
	Chile
	2.7%

	
	The United States 
(government-endorsed curricula)
	2.6%

	
	Canada
	1.6%

	
	Lithuania
	1.2%

	
	The United States 
(commercial curricula)
	0.4%

	Concrete activities
	Pakistan
	95.5%

	
	Hong Kong
	94.9%

	
	France
	93.6%

	
	Canada
	91.4%

	
	Republic of Korea
	91.3%

	
	China (mainland)
	89.5%

	
	Czechia
	87.5%

	
	Belgium
	86.6%

	
	The Philippines
	86.6%

	
	Romania
	85.71%

	
	The United States 
(commercial curricula)
	84.1%

	
	Singapore
	83.6%

	
	The United States 
(government-endorsed curricula)
	83.3%

	
	Türkiye
	83.3%

	
	South Africa
	83.1%

	
	Brazil
	82.4%

	
	The United Kingdom
	82.1%

	
	Estonia
	79.2%

	
	Japan
	72.7%

	
	Tanzania
	70.8%

	
	Mexico
	70.6%

	
	Chile
	70.3%

	
	Spain
	70%

	
	Slovenia
	69.5%

	
	Portugal
	69.2%

	
	Slovakia
	69.2%

	
	New Zealand
	68.8%

	
	The Netherlands
	61.5%

	
	Lithuania
	64.3%

	
	Poland
	62.9%

	
	Saudi Arabia
	60%

	
	Ireland
	59.1%

	
	Italy
	57.9%

	
	Australia
	50%

	
	Sweden
	46.2%

	
	Latvia
	45.5%

	
	India
	44.4%

	
	Albania
	40%

	
	Luxembourg
	38.5%

	
	Argentina
	33.3%

	
	Israel
	27.3%

	
	Norway
	25%


Note. The country-specific score reflects the representation of a given indicator among all statements that regarded spatial skills in the country-specific ECE curriculum or curricula. For instance, a score of 100% for Development in Jordan means that all statements regarding spatial skills in the Jordanian curriculum explicitly recognized that spatial skills develop in early childhood.

3.8. (H3) Concrete activities employing spatial skills were proposed in most ECE curricula 
Concrete activities employing spatial skills, such as completing puzzles, block-building, creating and using maps and charts etc., were provided in 76.92% of the ECE curricula (Mdn = 68.75%, IQR = 49.75% of statements). 
An overview of the relevant results, ranked by representation size, is available in Table 5.


4. Discussion

4.1. Overview of the findings

The present mixed-method study was the first to examine the curricular representation and scope of spatial skills in early childhood curricula across the Global North and the Global South. In line with the expectations, spatial skills were represented in most country-specific curricula, and the extent of representation of intrinsic-static, intrinsic-dynamic, extrinsic-static, and extrinsic-dynamic skills did not vary across curricula directed at infancy and toddlerhood, or the preschool years, or the entire early childhood. Overall, the curricula focused mostly on spatial information that was continuously available in the environment rather than memory-based information or symbolic representation. Moreover, the scope of spatial symbolic representation did not significantly differ across the three age range groups, at which the curricula were directed. Although spatial skills related to math were, as expected, well-represented in many curricula, science was not. Contrary to the expectations, spatial skills related to arts as well as reading and writing were likewise well-represented, and significantly better represented than those related to physical education. Somewhat surprisingly, the notion that individual spatial skills correlate with sociodemographic factors, and that some children may have an unequal access to learning spatial skills in early childhood education and care was completely absent across the curricula. The notions that such skills develop in early childhood and can be improved through instruction were represented in over a half of the curricula, so it seems that the individuals, institutions and states are specifically blind to the sociodemographic factors underpinning spatial skill acquisition in early childhood. A recent analysis showed that the tendency to overlook the contribution of sociodemographic factors, such as parental socioeconomic status, to individual merit is not, however, limited to spatial skills (First Author et al., 2025). Finally, contrary to the expectations, most curricula included concrete examples of pedagogical activities involving spatial skills.

4.2. Most spatial skills were well-represented in the ECE curricula worldwide
Overall, intrinsic/extrinsic static/dynamic spatial skills were represented in most ECE curricula, but the representation of intrinsic, in particular static, skills was more widespread than the representation of extrinsic spatial skills (Figure 2). In fact, only few countries focused on a single set of spatial skills or on none at all. That diverse spatial skills were represented in most ECE curricula may reflect the worldwide commitment to skill-oriented education promoted by the OECD and the World Bank (Newcombe, 2017; Moats, 2022). This trend seems prevalent not only in primary educational curricula and not only in the European context, as previously reported (Bufasi et al., 2024), but also in the early educational curricula beyond Europe. Note  that, in principle, European countries comprised a substantial portion of the country sample included in the present study, potentially skewing this finding in favor of abundant and diverse curricular representation of the spatial skills. This, however, does not seem to be the case, given that, among countries without such curricular representation, one out of the two (Bulgaria, Taiwan) is located in Europe, and both the European and the non-European countries rely on curricula with a focus on a single skill category and on multiple skill categories (Figure 2).
	Contrary to our expectations, extrinsic-dynamic skills were not more extensively represented in the curricula directed at preschoolers, either in those that targeted ages 0 to 6 or 3 to 6, than in the curricula directed at infants and toddlers only. This reveals room for improvement in policymakers’ overview of spatial skills or – perhaps – a generally poor understanding of the development of spatial skills in early childhood. The finding that symbolic spatial representations are not predominantly directed at the older children either may corroborate the latter explanation.
	Whereas cognitive developmental research suggests that honing extrinsic dynamic spatial skills may be more developmentally appropriate in children between 3 and 6 years of age than children between 0 and 3 years, these skills were represented to the same extent in curricula directed at either of these groups. This suggests that extrinsic dynamic skills are overlooked in curricula directed at older children and, thereby, these curricula may fall short on delivering developmentally appropriate pedagogical guidelines for 3- to 6-year-olds. Whereas we recognize the importance of honing intrinsic static, intrinsic dynamic, and extrinsic static skills throughout early childhood, and applaud the efforts to support these skills between 0 and 6 years of age, this should be paired with a greater focus on extrinsic dynamic skills between 3 and 6 years.
The representation of spatial skills in the ECE curricula is rather diverse but mostly focused on the spatial skills that involve manipulating information that is continuously available in the environment significantly rather than on the symbolic representation and memory-based manipulations. Paired with a significant difference in such focus between the symbolic representation and memory-based manipulations, in favor of the symbolic representation, this shows a potential blind spot in the view of spatial skills presented by the authors of the ECE curricula. Skills involved in manipulation of the continuously available information are indeed important, as they allow individuals to fashion and adapt tools to tool-based problems at hand or facilitate perspective-taking in the now (Newcombe et al., 2013). However, extending these abilities beyond the immediate context is crucial for most human activities, including generalization of once-effective tool use, map-based navigation, and designing innovative space-based solutions for oneself and for others, imagining how they will view and use such solutions. Previous research suggested that relevant visuospatial memory skills undergo substantial development between 2 and 3 years of life in the intrinsic-static, intrinsic-dynamic, and extrinsic-static skill domains, and from 4 years onwards in the extrinsic-dynamic skill domain (e.g., Frick et al., 2013; 2014b; Lew et al., 2000; Spelke et al., 2011). Fostering memory-based and symbolic representations of space seems developmentally appropriate for children between 3 and 6 years and fostering such skills should receive more attention in early childhood worldwide to fuel the potential of young and adult citizens worldwide. The neglect of memory-based spatial skills and those involved in symbolic spatial representation may put children at risk of overdependence on external digital memory solutions and poor understanding of data representations. The neglect of spatial symbolic representation may, therefore, impede their participation in the democratic society due to poor data literacy. Of note, the effectiveness of curricula targeting memory-based and symbolic spatial representations remains unclear and should be further investigated in the future. However, research on interventions targeting specifically visuospatial working memory repeatedly yielded positive results for children as young as 3.5 (e.g., D’Aurizio et al., 2023; Fitamen et al., 2024; Gade et al., 2017). 

4.3. Spatial skills pertained to several subject domains
Although previous research showed that proficiency in spatial skills positively correlate with performance on subject domains related to science, technology, engineering, and mathematics (Newcombe, 2010; Uttal et al., 2013; Verdine et al., 2017; Wai et al., 2009; Zhu et al., 2023), the notion that such skills would be closely tied to STEM subjects seemed limited to mathematics in the ECE curricula analyzed in the study. Math-related spatial skills were indeed represented in most curricula, but those related to science were not only represented significantly less than math but also than those related to arts and reading and writing. Surprisingly, arts as well as reading and writing were represented on par with math, suggesting that the individuals, institutions and states behind the ECE curricula recognize and capitalize on several subject domains to foster spatial skills in a developing child. 

4.4.  Development and malleability of spatial skills was recognized in most ECE curricula
	The understanding that spatial skills develop and may be fostered in early childhood was widespread across the ECE curricula, potentially building on the vast and prolific research on relevant interventions (Uttal et al., 2013; Weber et al., 2020; Yang et al., 2020). Interestingly, several countries ranked higher in terms of curricular recognition of development and malleability of spatial skills than the United States, although most research cited in the study was carried out precisely in the US. Overall, despite the widespread understanding that spatial skills develop and can be taught/learned in early childhood, the sociodemographic context of spatial skills seems to have been overlooked across the curricula worldwide. In other words, the ECE curricula seem to focus on the individual ability and educational instruction, but disregard other factors, beyond individual control, that contribute to individual skill level. The disparity between the recognition of the development and the malleability vs. the sociodemographic diversity related to spatial skills may have at least three reasons: (1) the first two notions may have been more extensively studied than the last one, and/or (2) recognizing the development and the malleability of spatial skills is not a matter of state politics, and recognizing the sociodemographic diversity is, and/or (3) the ECE curricula stem from the meritocratic approach to early childhood education. The first reason seems unlikely, given that the notion of sex and socioeconomic differences in spatial skills have been extensively researched (Abad et al., 2018; Levine et al., 1999, 2005; Verdine et al., 2014a, 2017). The second and the third may jointly contribute to the situation revealed by the present study. The political disagreements over the institutional and state support for the disadvantaged children and adults in the society may lead to an exclusion of the explicit support from the ECE curricula. Furthermore, the curricula may be aligned with the meritocratic approach that overestimates the contribution of individual skills and agency to one’s own outcomes, while neglecting a myriad of other factors, including the socioeconomic background (First Author et al., 2025). The oversight of the diversity of children’s sociodemographic backgrounds and, thereby, needs at this educational stage may stem from such an approach. In fact, this oversight is not limited to spatial skills but was recently found to be common for all skills promoted in the same ECE curricula that were included in the present study (First Author et al., 2025). An explicit discussion among the educational stakeholders and a revision of the meritocratic approach by recognizing such diversity has the potential to equalize children’s opportunities for future achievement and wellbeing, bolstering the positive effect of participation in Early Childhood Education (ECE) for disadvantaged children (Schmutz, 2024). 
	We recommend that ECE curricula account for a myriad of factors behind child’s proficiency in spatial skills and simultaneously encourage the teachers to reflect on their own implicit biases. For instance, the curricula could state that: 
“Child’s proficiency in spatial skills is not a direct consequence of child’s efforts or teaching and learning activities that the child participates in. In fact, such proficiency is associated with a number of factors, including those beyond child’s agency. Pedagogical practice can either reduce or reinforce skills gaps associated with child’s early experiences that may differ for boys vs. girls, and for children of well-off vs. economically disadvantaged parents. Pedagogical practice should support all children, regardless of gender, parental wealth, and other factors beyond child’s agency, in acquiring the same level of spatial skills by the end of ECE. 
Teachers should be encouraged to recognize that many factors contribute to children’s proficiency in spatial skills but refrain from judgments stemming from child’s belonging to a given social group. Critically, teachers should be encouraged to recognize and reflect on their own implicit biases. Without countering such biases and mindfully supporting each child in the classroom, teachers may unconsciously reinforce existing gaps in spatial skills proficiency.“ 
We encourage policy makers to keep in mind that how such messages are framed matters and, therefore, to pilot differently framed messages before including them in the policy documents. Whereas we accounted for previous findings on how different message frames influence existing stigmas in the example recommended above, future research should test how different frames interact with teacher bias in the specific context of spatial skills.

4.5. The ECE curricula offered a plethora of concrete spatial activities
Three-quarters of the ECE curricula provided examples of concrete activities involving spatial skills, such as completing puzzles, block-building, creating and using maps and data charts. This suggests that the pedagogical practice may, in fact, foster spatial skills through hands-on age-appropriate activities across the ECE facilities, without the need to figure out how to put relevant pedagogical practices into practice on the practitioners’ part. Therefore, regardless of the number of children per group, practitioners’ training, and time allocated to professional development, which may typically be greater in private rather than state-funded facilities, children may have access to research-informed, entertaining spatial activities.

4.6.  Limitations
The present study aimed to chart out the curricular representation and scope of spatial skills across several countries from the Global North and the Global South. Despite the inclusion of both regions, the Global South was underrepresented in the study, potentially skewing the results in favor of a diverse and widespread curricular spatialization. Furthermore, although all six continents were considered in the country sample, Northern America, Europe and Australasia were far more robustly represented that the other continents. To avoid this limitation, future enquiries should involve more robust samples from Asia, Africa, the Middle East, and Southern America.
	Furthermore, in the present study, the curricula which were not originally available in English, were translated into this language, potentially altering the meaning of statements in the original language. Avoiding this limitation would be difficult without an involvement of a multi-country consortium comprising representatives from the countries represented in the study. Such consortia require, however, substantial resources, in particular, funding and time, whose acquisition could considerably (and perhaps even endlessly, given that the curricula are regularly revised) delay the study. Given the aims and the importance of timeliness of the study, the present approach seemed most frugal resource-wise.
	Charting out the curricular representation and scope across the countries relied on a cross-sectional approach, selecting the most recent country curricula available at the point of data collection and curation. This approach limits the insight into the reasons behind the results, and the stakeholders’ contribution to the worldwide curricular spatialization. The worldwide character of this trend suggests a major contribution of international organizations such as the OECD or the World Bank in promoting spatial skills, which may, but does not have to be, fueled by the growing body of research on the matter. The timeline and the extent of such contributions would require longitudinal analyses, accounting for the relevant international reports and series of country-specific documents. Future research could adopt such a longitudinal approach in order to inform which ways of changing ECE policies have been the most influential in the past, generalizing this knowledge onto the future with a critical outlook on such generalizations.
	Although correlating the scope of spatial skills’ representation in the curricula with scores achieved on international STEM assessments could, in principle, strengthen our argument, we refrained from doing so for several reasons. The interpretation of correlations, or a lack thereof, would be limited because we could not establish whether students who completed the STEM assessments actually received ECE education, in what form (private or public), and whether this education built on the curricula included in the present analysis. For instance, if we were to use the results from the PISA assessment, some of the 15-year-olds included in the assessment would certainly not benefit from the ECE curricula from 2020 or 2021, others would probably do so if the curriculum comes from 1999. The second reason hinges on the goal of the present study, as this additional analysis would not fit the aims of the present study, wherein we chart out the coverage of the spatial skills across relevant policy documents without asking whether this coverage is related to the country’s success in large-scale assessments. Furthermore, to our knowledge, none of the international large-scale assessments focus on the ages relevant for the present study. Finally, how policy guidelines translate onto pedagogical practice is unclear and likely varies across the included countries, so, regardless of whether we would find a correlation between the coverage of the spatial skills in the curricula and the STEM scores, we would not be able to reliably interpret this result. For all these reasons, we believe that our study remains stronger without implementing the suggested analysis than otherwise. 

5. Conclusions
In the present mixed-method study, an evidence-based 2x2 classification of spatial skills was employed to analyze ECE curricula in fifty-two countries. A plethora of intrinsic/extrinsic static/dynamic spatial skills was well-represented in most the curricula. In the curricula, where spatial skills were represented, they were typically related to mathematics, art, and reading and writing rather than science. Most curricula included concrete activities that would allow the practitioners to better understand the meaning of the relevant curricular guidelines. Interestingly, while most curricula, wherein spatial skills were represented, accounted for child’s cognitive development and the malleability of spatial skills, virtually none accounted for the sociodemographic diversity behind such skills. The representation of spatial skills was widespread around the world, both in the Global North and in the Global South. The curricula would benefit from the recognition of the relation to science and the sociodemographic diversity of spatial skills in early childhood. Overall, present research expands the insight into relevant educational policies to non-Western contexts, showing shared awareness of the importance of spatial skills in early years.
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Švietimo ir mokslo ministerijos, Švietimo aprūpinimo centras. (2016). Ikimokyklinio ugdymo vaikų pasiekimų aprašas / The Description of the Achievements of Pre-school Age Children. Švietimo ir mokslo ministerijos. Available from: https://www.nsa.smm.lt/wp-content/uploads/2020/01/Ikimokyklinio-amziaus-vaiku-pasiekimu-aprasas.pdf
Teaching Strategies. (2021). The Creative Curriculum for Preschool, Guided Edition. Teaching Strategies. Available from: https://go.teachingstrategies.com/View-CCP-Guided-Edition-Sampler.html?aliId=eyJpIjoiUjZEQjJtWnFBbzd6K2V0SCIsInQiOiJPcnBPWE5vUkdcL2ozNDA3THVGNnpkUT09In0%253D
Teaching Strategies. (2022). The Creative Curriculum for Infants, Toddlers and Twos. Teaching Strategies. Available at: https://teachingstrategies.com/product/the-creative-curriculum-for-infants-toddlers-twos/
Teaching Strategies. (2022). The Creative Curriculum for Kindergarten. Teaching Strategies. Available at: https://teachingstrategies.com/product/creative-curriculum-for-kindergarten-curriculum-kit/
The Curriculum Development Council. (2017). Kindergarten Education Curriculum Guide. Joyful Learning through Play Balanced Development All the Way. HKSARG. Available from: https://www.edb.gov.hk/attachment/en/curriculum-development/major-level-of-edu/preprimary/ENG_KGECG_2017.pdf
United Nations Educational, Scientific and Cultural Organization (UNESCO).(2012). International Standard Classification of Education (ISCED) 2011. UNESCO Institute for Statistics. 
U.S. Department of Health and Human Services, Administration for Children and Families, Office of Head Start. (2010). The Head Start Child development and early learning Framework. Promoting Positive Outcomes in Early Childhood Programs Serving Children 3–5 Years Old. U.S. Department of Health and Human Services. Available from: https://files.eric.ed.gov/fulltext/ED547179.pdf
Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C., & Newcombe, N. S. (2013). The malleability of spatial skills: a meta-analysis of training studies. Psychological Bulletin, 139(2), 352–402. https://doi.org/10.1037/a0028446
Vabariigi Valitsus/Government of the Republic. (2008). Koolieelse lasteasutuse riiklik õppekava / National Curriculum for Preschool Children. Vabariigi Valitsus. Available from: https://www.riigiteataja.ee/akt/13351772
Vander Heyden, K. M., Huizinga, M., Kan, K. J., & Jolles, J. (2016). A developmental perspective on spatial reasoning: Dissociating object transformation from viewer transformation ability. Cognitive Development, 38, 63–74. https://doi.org/10.1016/j.cogdev.2016.01.004
Vanhees, C., Nijlunsing, J., Muijs, D., Crato, N., Wils, M., William, D., Surma, T., & Kirschner, P. A. (2025). The role of knowledge-rich curricula in promoting deep thinking and complex skill acquisition. Learning and Individual Differences, 121, Article 102729. https://doi.org/10.1016/j.lindif.2025.102729
van Rijn, G., & de Rolf groep. (2023). Databank effectieve jeugdinterventies: beschrijving ‘Piramide’. Nederlands Jeugd instituut. Available at: https://www.nji.nl/system/files/2021-04/Uitgebreide-beschrijving-Piramide.pdf
Vasilyeva, M., & Lourenco, S. F. (2012). Development of spatial cognition. Wiley interdisciplinary reviews. Cognitive science, 3(3), 349–362. https://doi.org/10.1002/wcs.1171
Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., Newcombe, N. S., Filipowicz, A. T., Chang, A. (2014a). Deconstructing Building Blocks: Preschoolers’ Spatial Assembly Performance Relates to Early Mathematical Skills. Child Development, 85(3), 1062-1076. doi: 10.1111/cdev.12165
Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2014b). Finding the missing piece: Blocks, puzzles, and shapes fuel school readiness. Trends in Neuroscience and Education, 3, 7–13. http:// dx.doi.org/10.1016/j.tine.2014.02.005
Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2017). Links between spatial and mathematical skills across the pre-school years. Monographs of the Society for Research in Child Development, 82, 1–109.
Virginia Board of Education. (2021). Virginia’s Early Learning and Development Standards (ELDS), Birth-five learning guidelines. Commonwealth of Virginia Department of Education. Available from: https://www.doe.virginia.gov/home/showpublisheddocument/421/637890605072570000
Vyncke, B., & van Gorp, B. (2018). An Experimental Examination of the Effectiveness of Framing Strategies to Reduce Mental Health Stigma. Journal of health communication, 23(10-11), 899–908. https://doi.org/10.1080/10810730.2018.1538272
Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM domains: Aligning over 50 years of cumulative psychological knowledge solidifies its importance. Journal of Educational Psychology, 101(4), 817–835. doi: 10.1037/a0016127
Walberg, H. J., & Tsai, S.-L. (1983). Matthew Effects in Education. American Educational Research Journal, 20(3), 359-373. https://doi.org/10.3102/00028312020003359 
Weber, A. M., Reuter, T., & Leuchter, M. (2020). The impact of a construction play on 5- to 6-year-old children’s reasoning about stability. Frontiers in Psychology, 11, 1737. doi:10.3389/fpsyg.2020.01737
Whiteley, W., Sinclair, N., & Davis, B. (2015). What is spatial reasoning? In B. Davis and the Spatial Reasoning Study Group (Eds.), Developing spatial reasoning in the early years: Principles, assertions, and speculations (pp. 29–44). Routledge.
Yang, W., Liu, H., Chen, N., Xu, P., & Lin, X. (2020). Is Early Spatial Skills Training Effective? A Meta-Analysis. Frontiers in Psychology, 11, 1938. https://doi.org/10.3389/fpsyg.2020.01938
Zhang, X. (2016). Linking language, visual-spatial, and executive function skills to number competence in very young Chinese children. Early Childhood Research Quarterly, 36, 178–189. doi: 10.1016/j.ecresq.2015.12.010 
Zhang, X., Koponen, T., Räsänen, P., Aunola, K., Lerkkanen, M. K., and Nurmi, J. E. (2014). Linguistic and spatial skills predict early arithmetic development via counting sequence knowledge. Child Development, 85, 1091–1107. doi: 10.1111/cdev.12173
Zhu, C., Leung, C. O. Y., Lagoudaki, E., Velho, M., Segura-Caballero, N., Jolles, D., Duffy, G., Maresch, G., Pagkratidou, M., & Klapwijk, R. (2023). Fostering spatial ability development in and for authentic STEM learning. Frontiers in Education, 8, 1138607. doi: 10.3389/feduc.2023.1138607
image1.jpeg
Chile
[Children]

“Explore through their sensory and motor experiences,
attributes of objects such as: size, texture and hardness.”

INTR STAT (“object size”)
KNOW (spatial information available continuously)
CONCR (haptic and motor exploration of objects)

The Philippines
“2.The following skills are practiced:”

INTR DYN (transforming object shape)

KNOW (spatial information available continuously)
ART (activity oriented artistically, like e.g., in origami)
MAL ("skills are practiced”)

22 paper folding CONCR (folding paper, not, e.g., shape transformation)
Portugal INTR STAT (arranging object components)

“These learnings can be observed, for example, when the child:”

"Imagine[s] and create[s], in two or three dimensions, 'machines’,
robots or instruments [tools] with a specific purpose.”

INTR DYN (transforming object components)
MEM (memory-based representation/imagination)
SCI (“machines, robots, or instruments’[tools])
MAL ("learnings can be observed”)

CONCR (imagining and creating concrete objects)

Slovakia
“2. Geometry and measurement”

“Using words and phrases up, down, in front, behind, above, under,
in front of, behind, between, on (what, whom), in (what, whom), right,
left, in the corner, in the middle (of a room, of a picture ...),
completes [completing] the picture according to the instructions,
instructs to complete the picture in the specified place.”

EXTR STAT (locating objects in relation to one another)
KNOW (spatial information available continuously)
MEM (remembering instructions)

SYMB (using spatial language)

ART (completing pictures)

CONCR (different actions to be practiced with a picture)

Slovenia
“Children”

“observe where other buildings are located in relation to the kindergarten;
draw plans according to their ideas and templates and by memory; make
models of the buildings and the surroundings; play with maps;”

EXTR STAT (locating objects in relation to one another)
KNOW (spatial information available continuously)
MEM (drawing plans from memory)

SYMB (using maps and models)

SCI (geographic layout)

CONCR (using the kindergarten surroundings)

New Zealand

”Children have opportunities to develop spatial understandings
by fitting things together and taking things apart, rearranging and
reshaping objects and materials, seeing things from different
spatial viewpoints and using a magnifying glass.”

INTR STAT (fitting things together and taking apart)
INTR DYN (reshaping and rearranging objects)

EXTR DYN (viewing objects from different perspectives)
KNOW (spatial information available continuously)

SClI (learning that objects can be magnified)

DEV (“develop”)

MAL (activities can aid development)

CONCR (using a magnifying glass, object play activites)





image2.tiff
Albania Argentina Australia Austria Belaium Brazil Bulgaria Canada Chile

e
'
’
R
'
f
e
'

China (mainland) Croatia Czechia Denmark Estonia Ethiopia Finland France Germany

-
e
&
G
¢
e
e
@

Hong Kong Iceland India Ireland Israel Italy Japan Jordan Kenva
Indicator
. Intrinsic Static
Latvia Lithuania Luxembourg Malaysia Mexico New Zealand Norway Pakistan Philippines . Intrinsic Dynam'c

Extrinsic Static

Extrinsic Dynamic

'
'

O
~
r
f
¢
e

Poland Portugal Republic of Korea Romania Saudi Arabia Singapore Slovakia Slovenia South Africa

O

¢
a

A
f

Spain Sweden Taiwan Tanzania the Netherlands The UK the US (com) the US (qov) Turkive

r

o
o
=
€
=
o




