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Teachers’ cognition and affect can influence their pedagogical choices, which in turn can shape the development of their students’ spatial skills. Here we examined the relations between primary teachers’ spatial cognition, affect, and their inclination for choosing teaching practices, such as models and diagrams, that engage and facilitate spatial learning. Seventy-seven K-6 teachers completed measures of spatial skills, spatial anxiety, spatial habits of mind, and a measure of preferences for spatial pedagogy. Additionally, we assessed and controlled for their general reasoning and general anxiety. Results revealed primary teachers’ spatial skills were positively associated with their spatial habits of mind and their preference for using spatial strategies for teaching science content. Yet, their pedagogical preferences for teaching math content varied with their teaching experience. Teachers’ spatial skills and spatial anxiety were not related. These findings have implications for how to leverage teacher education programs to bolster primary STEM learning and outcomes.
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1 Introduction

Teachers’ skills, characteristics, and attitudes shape students’ skills, knowledge, and interests through their pedagogical choices (e.g., Otumfuor and Carr, 2017; Yang et al., 2020). The strategies and instructional techniques a teacher employs to convey formal learning content not only influences how well students learn the information, but also acquire crucial associated skill sets. For instance, teachers utilizing inquiry-based learning for teaching science also facilitate the development of students’ critical thinking skills (e.g., Duran and Dökme, 2016), and teachers who incorporate peer-to-peer learning into math lessons bolster students’ collaboration and communication skills (e.g., Klang et al., 2021; Sofroniou and Poutos, 2016). While critical thinking, collaboration, and communication skills are formally acknowledged and are emphasized as fundamental aspects of pre-university education in nations around the globe (e.g., Ananiadou and Claro, 2009), research indicates that teachers’ pedagogical decisions also shape other less recognized skill sets, such as spatial skills (e.g., Gilligan-Lee et al., 2022), which are critical to students’ academic achievement (Atit et al., 2020a; Burke et al., 2020).

Spatial skills are the ability to visualize and reason about the static (non-moving) and dynamic (moving) spatial relations within (e.g., shape and size of an object, the folding and unfolding of an object) and between objects (e.g., the distance between two or more stationary or moving objects). This skill set plays a critical role in daily activities (e.g., Newcombe and Shipley, 2015; Uttal et al., 2013) such as when picturing the number of shoes you can fit into your carry-on suitcase for your upcoming trip or when planning the most efficient path to the store by visualizing two possible routes to drive your car there. Additionally, strong spatial skills are important for students’ learning of science, technology, engineering, and mathematics (STEM) disciplines (e.g., reasoning about fractions, molecules, geologic formations, and how propellers work on an engine) across all educational levels (e.g., Atit et al., 2021; Hodgkiss et al., 2018; Kinach, 2012; Mix et al., 2017).

Longitudinal studies reveal that spatial skills established early in education are fundamental to concurrent STEM achievement (e.g., Hodgkiss et al., 2018; Mix et al., 2016), and predictive of STEM attainment in subsequent years (e.g., Hanline et al., 2010; Li and Geary, 2013). Primary students’ spatial skills are positively related to their math and science achievement assessed in the same year (Hodgkiss et al., 2018; Mix et al., 2016) and to math achievement the following year (Geer et al., 2019). Despite their importance, mathematics and science continue to be challenging subjects for students in many nations (OECD, 2023). Given the strong connection between proficiency in STEM subjects and opportunities for equity and social mobility (e.g., Hoskins and Barker, 2020; Wolniak et al., 2008), identifying how to facilitate the development of students’ STEM content understanding by bolstering their early spatial skills is a critical area of research.

Fortunately, evidence indicates spatial skills are malleable and can be improved with exposure and practice. A meta-analysis synthesizing the findings from 217 studies revealed that spatial skills can be enhanced through training and repetition, and that the effects of training are not limited to the task at hand. The learning gains acquired through training on a specific kind of task (e.g., mental rotation—an intrinsic dynamic spatial task) were found to transfer to other spatial activities within the same category (e.g., paper folding—another intrinsic-dynamic spatial task), as well as transfer to different tasks in different categories (e.g., water level task—an extrinsic static spatial task; Uttal et al., 2013).

While benefiting from deliberate practice, the improvement of spatial skills is not dependent on systematic training and repetition. Informal experiences engaging in spatial tasks, such as playing with construction toys and video games, can also enhance students’ spatial skills (e.g., Bediou et al., 2018; Jirout and Newcombe, 2015; Levine et al., 2012). The frequency with which four- to seven-year-old children played with puzzles, blocks, and board games was related to their performance on the Block Design subtest of the Wechsler Preschool and Primary Scale of Intelligence–Fourth Edition, while other types of activities were not related to Block Design score (Jirout and Newcombe, 2015). Similarly, a recent meta-analysis examining the effects of playing video games on cognition established that individuals who have greater experience playing action video games (e.g., Call of Duty, Halo) have stronger spatial skills than those who report little to no action video game experience (Bediou et al., 2018).

Moreover, engaging in spatial tasks can improve students’ STEM learning and outcomes (Hawes et al., 2022; Miller and Halpern, 2013). Hawes et al. (2022) found a positive effect of training spatial skills on mathematics performance relative to control participants ages three to twenty. Similarly, Miller and Halpern (2013) showed that training spatial skills in undergraduate students improved their introductory physics exam scores relative to control students. However, one limitation of the research on the effects of spatial training on STEM learning and reasoning is that the activities used to bolster students’ spatial skills are often aimed at improving isolated skills independent of teacher pedagogical delivery and STEM lesson contexts. For instance, the spatial training implemented by Miller and Halpern (2013) was completing 12 h of spatial workbook exercises, such as creating orthographic and isometric drawings. Thus, the impact of bolstering students’ spatial skills through domain-specific classroom activities (e.g., drawing a diagram of the water cycle) is not well understood. Few studies have examined spatial learning when embedded as a formal part of curriculum planning. Thus, while the importance of spatial skills is well-documented, their integration into teaching practices remains unexplored.

Spatial learning, how students learn and acquire spatial skills, is not a separate formal aspect of the pre-university educational curriculum in most nations (e.g., Gilligan-Lee et al., 2022). Yet, teachers play a substantive role in the development of students’ spatial skills. Students with primary teachers who report high anxiety for completing spatial tasks (i.e., spatial anxiety) show less positive growth in their spatial skills than students of teachers with low spatial anxiety across a school year (Gunderson et al., 2013). Spatial anxiety refers to the feelings of tension or stress that arise when an individual is required to perform tasks involving spatial thinking or spatial reasoning (i.e., spatial tasks; Atit and Rocha, 2021). Examples of spatial tasks include activities such as reading maps, visualizing how two-dimensional furniture assembly instructions relate to the assembly of three-dimensional furniture pieces, interpreting diagrams, or solving problems that require mental manipulation of shapes and figures. Individuals with high spatial anxiety may avoid or struggle to complete spatial tasks (Geer et al., 2024).

Moreover, teachers’ spatial skills and affect have been linked to their use of instructional methods (i.e., spatial pedagogical practices), such as gestures, models, and diagrams, that support students’ spatial learning (e.g., Atit and Rocha, 2021; Gilligan-Lee et al., 2023). Spatial pedagogical practices explicitly engage students’ spatial skills when learning course content. Studies have found that K-12 teachers with high spatial anxiety report more regularly implementing spatial pedagogical activities during informal learning periods in their classrooms than during formal curriculum (Gilligan-Lee et al., 2023). K-12 teachers with strong spatial skills were also observed using a greater number of spatial pedagogical practices when teaching geometry (Otumfuor and Carr, 2017). Additionally, K-12 teachers’ spatial skills have been positively linked with their reported frequency of implementing spatial pedagogical practices into their classroom lessons (Atit and Rocha, 2021).

One factor unexamined in teachers is their spatial habits of mind (SHOM). Kim and Bednarz (2013) defined SHOM as “an internalized thinking process that uses spatial ways of thinking, such as the appreciation of spatial concepts and reasoning and the spatial representation of ideas (e.g., visualization)” (pg. 165). Where basic spatial skills can be task-specific and procedural, SHOM are dispositional, reflecting how someone habitually thinks and reasons over time. Thus, SHOM represents a deeper cognitive orientation toward using spatial tools and perspectives to understand and solve problems. Individuals espousing greater SHOM have a greater proclivity to adopt cognitive methods that use spatial ways of thinking to carry out every day and professional activities (Kim and Bednarz, 2013). For example, teachers with greater SHOM may use mental visualization to plan a classroom layout where all of the students will have an unobstructed view of the teacher. Moreover, engaging in spatially intensive curricular activities, such as using geographical information systems, can enhance one’s SHOM (e.g., Cortes et al., 2022). Learning about primary teachers’ SHOM may provide further insight into their instructional decisions.

In addition to teachers’ cognition and affect, formal teacher training may also shape their pedagogical choices. In the United States, teachers who have the credentials to teach at the primary educational level (i.e., multiple subject teaching credential) have undergone distinct training from teachers who have a credential to teach at the secondary level (i.e., single subject teaching credential) (Commission on Teacher Credentialing, 2016). Yet, despite differences in their formal training, Rocha et al. (2022) found that teachers’ spatial skills and affect (i.e., spatial anxiety), as well as their reported frequency of using spatial teaching practices, did not vary by teacher type (primary versus secondary). However, their study only explored if teachers’ use of spatial pedagogy varied based on their formal certification and did not examine the context of when that training occurred.

In the United States, the most recent substantive changes in science and mathematics curricular standards occurred with the implementation of the Next Generation Science Standards [(NGSS), National Research Council, 2013] and the Common Core State Standards in Mathematics [(CCSS-Math) as part of the Common Core State Standards Initiative, 2010] in 2013. Compared to their policy predecessor, the No Child Left Behind Act of 2001 (NCLB, 2002), the NGSS and CCSS-Math implicitly challenged K-12 teachers to incorporate spatial thinking by emphasizing pedagogy that asked students to engage in practices such as analyzing patterns, data, and relationships between scales and objects in space, etc (LaDue et al., 2015; Moore et al., 2015; Pruitt, 2014). For example, an NGSS standard for fourth-grade students is to analyze and interpret data from maps to describe patterns of Earth’s features (National Research Council, 2013). Studies on teacher preparation detail how educational reforms at the state and national levels result in curriculum-aligned reformations in teacher education programs (e.g., ByBee, 2014; Merritt et al., 2018). Yet, the effect of these changes on teachers’ cognition, affect, and pedagogical choices are unknown.

Building on prior research (Atit et al., 2018; Rocha et al., 2022), this study aims to answer three research questions. First, we ask if primary teachers’ spatial cognition, affect, and preferences for spatial pedagogical practices when teaching mathematics and science differ based on whether or not they began teaching before or after recent educational reforms? Informed by studies showing that educational reforms result in curriculum-aligned reformations in teacher education programs (e.g., ByBee, 2014), that spatial cognitive and affective characteristics are malleable and improve with exposure and engagement in spatial tasks (e.g., Cortes et al., 2022; Kim and Bednarz, 2013; Uttal et al., 2013), we expect primary teachers who began teaching prior to the implementation of NGSS and CCSS-Math to have weaker spatial skills and SHOM, higher spatial anxiety, and show a lower inclination for implementing spatial instructional strategies during mathematics and science instruction.

Second, we ask what are the relations between primary teachers’ spatial skills, spatial anxiety, and SHOM? Based on studies suggesting that strong SHOM are a result of sustained engagement in spatially-demanding tasks (Cortes et al., 2022; Kim and Bednarz, 2013) and are indicative of achieving spatial literacy (National Research Council, 2006), we hypothesize that primary teachers’ spatial skills will be positively associated with SHOM, while spatial anxiety will be negatively associated with SHOM.

Third, we ask how are primary teachers’ spatial cognition and affect related to their preferences for using spatial pedagogical practices for teaching mathematics and science content? Researchers have found that teachers’ spatial skills are positively associated with their reported use of spatial instructional practices in the classroom. However, spatial anxiety is not significantly related to teachers’ reported use of spatial instruction (Atit and Rocha, 2021). Habits of mind are associated with a consistent pattern in thinking which can influence one’s decision making and problem solving approaches (Costa and Kallick, 2008; Cuoco et al., 1996). In line with this research, we hypothesize that primary teachers’ spatial skills and SHOM will be positively associated with their inclination for implementing spatial teaching practices in science and mathematics curriculum, but spatial anxiety will not be a significant explanatory factor.



2 Materials and methods


2.1 Participants

Participants of this study were eighty-two primary school pre-service and in-service teachers certified in the state of California in the United States. California had adopted NGSS and CCSS-Math for pre-undergraduate mathematics and science education by 2013 (California Association of Science Educators, 2024; California Department of Education, 2024). Data from five participants were excluded due to failure to follow study instructions. Thus, data from 77 participants (male = 4, female = 72, unreported = 1) were examined. An a priori power analysis estimated that for an alpha of 0.05, 77 participants provided 80% power to detect a medium effect size (f2 = 0.15) for a linear multiple regression for a fixed model examining for R2 increase, with three tested predictors and eight total predictors. Teachers were recruited through social media, state-wide educator conferences, and professional networks. Informed consent was conducted before their participation. Participants were compensated with a $50 e-gift card. The sample predominantly consisted of teachers pursuing or having earned their credentials for teaching multiple subjects (82%), see Table 1. Reported teaching experience ranged from preservice teachers (students enrolled in a teacher education program who are engaged in fieldwork teaching in a classroom) to teachers with more than 20 years of experience (see Figure 1).


TABLE 1 Teacher’s reported type of credential and highest level of education.
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FIGURE 1
Purple bars designate post-reform teachers. Blue bars designate pre-reform teachers.




2.2 Measures


2.2.1 Spatial Skills and Spatial Anxiety Assessment

This measure was adapted from Gagnier et al. (2021) and consisted of 34 items assessing participants’ spatial skills and spatial anxiety. Seventeen spatial skills items were selected from psychometric assessments of mental rotation, perspective-taking, visualizing cross-sections, paper folding, disembedding, and reasoning about isometric projections to directly measure participants’ spatial skills. For each item, participants had to solve the spatial problem and select the correct answer choice from the response options provided. Participants’ spatial skill score on the assessment was the sum of the number of items solved correctly.

To measure spatial anxiety, after each spatial skills item, participants answered the following question: “How anxious do you feel when asked to solve this problem?” Response options included (0) not at all, (1) slightly, (2) moderately, (3) very, or (4) extremely. Using Gagnier et al. (2021) scoring method, scores were computed for both parts of the measure (i.e., spatial skills and spatial anxiety) separately. Cronbach’s α indicated an acceptable internal reliability for the spatial skills (α = 0.73) and spatial anxiety (α = 0.91) components.



2.2.2 Spatial Habits of Mind Inventory-Revised (SHOMI-R)

This measure was adapted from Kim and Bednarz (2013) for general use by revising or removing any domain-specific items, with the aim of increasing the applicability of the measure to a general audience which includes teachers. For example, “I have difficulty in explaining spatial concepts such as scale and map projection to my friends” was modified to “I have difficulty in explaining spatial concepts such as patterns, arrangements, or location of objects to my friends.” Response options included “strongly disagree,” “disagree,” “neutral,” “agree,” and “strongly agree.” In the revised version, the following four subscales were retained from the original measure: (1) pattern recognition, (2) spatial recognition, (3) visualization, and (4) spatial concept usage. The SHOMI-R includes 23 items and has excellent internal reliability (α = 0.92).



2.2.3 Measure of preference for spatial pedagogy (MPSP)

The MPSP is a researcher-created instrument assessing primary teachers’ inclination for using “more spatial” versus “less spatial” instructional tools in specified math and science teaching contexts. Creation of this measure was informed by the California Frameworks for Mathematics and Science from the California State Board of Education (2015, 2016). In each of the seven items, participants are provided a hypothetical teaching scenario followed by four potential methods of teaching it. Scenarios varied in how much they engage students’ spatial thinking. For each strategy, participants were asked to rate their preference from “not rely on it at all” to “rely on it heavily.”

An example item includes:

“To teach students about mathematical equivalence and the meaning of the ‘equal’ (=) sign, I would use…”


1.vocabulary prompting to emphasize the definition of “equal”;

2.a drawing/sketch of what each side of an equation represents (i.e., drawing four stars plus five stars being equal to three stars plus six stars);

3.a physical scale to show equal manipulative units on each side creating a balance;

4.a mnemonic or song that helps students to remember that both sides of the equation have to be equal.



Participants’ score on each item is the sum of their ratings for each method of teaching. “More spatial” methods were scored from 1 (not rely on it at all) to 4 (rely on it heavily). Responses for “less spatial” methods were reverse coded. Participants received three different scores on this measure: (1) overall MPSP, (2) math pedagogy, and (3) science pedagogy. For all three score types, teachers with higher scores can be said to display a greater preference for implementing spatial pedagogical practices. The full MPSP with its two subscales, how it was created, and more detailed scoring information is provided in Supplementary Appendix A.



2.2.4 International Cognitive Ability Resource (ICAR)–verbal reasoning and matrix reasoning

The verbal reasoning and matrix reasoning from the International Cognitive Ability Resource Project (ICAR; Condon and Revelle, 2014) were used to assess general reasoning (Kyllonen and Christal, 1990).


2.2.4.1 Verbal reasoning

The verbal reasoning measure consisted of 16 multiple-choice items assessing participants’ logic, vocabulary, and general knowledge. An example item includes “If the day after tomorrow is two days before Thursday, then what day is it today?” Participants were asked to choose the correct answer from the following: (a) Friday, (b) Monday, (c) Wednesday, (d) Saturday, (e) Tuesday, and (f) Sunday. Scores were calculated as the total number of correct responses (The International Cognitive Ability Resource Team, 2014). The measure had acceptable reliability in our sample (α = 0.69).



2.2.4.2 Matrix reasoning

Matrix reasoning, a measure of fluid reasoning, consists of 11 multiple-choice items similar to Raven’s Progressive Matrices. In each item, participants were presented with a 3 × 3 array of geometric shapes where one of the nine shapes is missing. The instructions asked participants to respond by selecting one of the six presented geometric shapes to best complete the array. Participants’ score on the assessment was calculated from the sum of the number of correct responses (The International Cognitive Ability Resource Team, 2014). Using Cronbach’s alpha, the measure had acceptable reliability in our sample (α = 0.70).




2.2.5 Trait Anxiety Inventory

The Trait Anxiety Inventory (Spielberger et al., 1970) is a 20-item measure assessing general anxiety. For each item, participants were asked to select the response that corresponds to how frequently they experience general feelings of anxiety. An example item is, “I worry too much over something that really doesn’t matter.” Response options ranged from (0) almost never to (3) almost always. Participants’ score on the measure was the sum of all of their responses. Higher total scores indicate higher levels of general anxiety. Cronbach’s α indicated excellent internal reliability (α = 0.93).



2.2.6 Demographics and background questionnaire

This researcher-created questionnaire included items asking about participants’ demographic and professional background, such as about prior teaching experience and training, race, gender, educational attainment, and the current grade they teach. Teachers’ responses to years of reported teaching experience were used to classify teachers into two categories. Teachers who identified as preservice, or reported less than 10 years of experience were designated as post-reform teachers as they would have received their teaching credentials after 2013. Teachers who reported more than 10 years of teaching experience, receiving teaching credentials prior to 2013, were designated as pre-reform teachers. The full Demographics and Background Questionnaire is provided in Supplementary Appendix B.




2.3 Procedure

This study was administered online using Qualtrics. After providing consent, participants completed the measures in the following order: Spatial Skills and Spatial Anxiety Assessment, SHOMI-R, MPSP, ICAR verbal and matrix reasoning, and the Trait Anxiety Inventory. The Demographics and Background Questionnaire was administered last to minimize potential effects of stereotype threat (e.g., Spencer et al., 1999; Steele and Aronson, 1995).




3 Results

Analyses were conducted using R version 4.4.0 (R Core Team, 2023). Preliminary analyses were conducted to assess the normality of the data examined and to identify associations between variables. The descriptive statistics, skewness, kurtosis, and results from the Kolmogorov–Smirnov test of normality for the Spatial Skills and Spatial Anxiety Assessment, SHOMI-R, MPSP, ICAR verbal reasoning, ICAR matrix reasoning, and Trait Anxiety Inventory are provided in Table 1 in Supplementary Appendix C. Results of the Kolmogorov–Smirnov tests revealed that the data do not follow a normal distribution. Thus, Spearman’s correlations between all measures, teaching experience, and teachers’ educational level were conducted and are presented in Table 2 in Supplementary Appendix C. Spearman’s correlations are non-parametric tests used to assess the strength of the relation between two variables when the data do not follow a normal distribution (e.g., Myers and Sirois, 2006).

Following Cohen’s (1988) conventions, correlational analyses suggest that primary teachers with stronger spatial skills showed stronger SHOM (r = 0.40), greater preference for implementing spatial pedagogical practices (r = 0.23), especially for science content (r = 0.23), and had less spatial anxiety (r = −0.27). Additionally, teachers with stronger SHOM had greater preference for implementing spatial pedagogical practices (r = 0.23), especially for mathematics content (r = 0.24), and had less spatial anxiety (r = −0.33).


3.1 Do spatial cognition, affect, and pedagogical preferences differ between pre-reform and post-reform teachers?

To identify if primary teachers’ spatial skills, SHOM, spatial anxiety, and preferences for implementing spatial pedagogical practices varied between pre-reform and post-reform teachers, Mann–Whitney U tests were conducted for each measure (see Table 2). Results indicate that there was no difference between pre-reform and post-reform teachers except for on the Math Pedagogy subtest. Pre-reform teachers reported greater spatial pedagogical preferences for teaching mathematics concepts than post-reform teachers. Regression analyses, shown Tables 3, 4 in Supplementary Appendix C, reveal that these results remain unchanged even after accounting for teachers’ general anxiety and general reasoning skills. To ensure that the results are not occluded by general reasoning skills or general anxiety, we control for teachers’ matrix reasoning, verbal reasoning, and Trait Anxiety Inventory scores in all subsequent analyses.


TABLE 2 Results of Mann–Whitney U tests examining differences between pre and post-reform primary teachers.
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3.2 What are the relations between primary teachers’ spatial skills, spatial anxiety, and SHOM?

To examine the relations between teachers’ spatial skills, spatial anxiety, and SHOM, two additional regression models were conducted. Model 1 examined if teachers’ spatial skills score was related to their spatial anxiety score and Model 2 examined if teachers’ spatial skills and spatial anxiety were associated with their SHOM. The results, presented in Table 3, indicate that there was no relation between spatial skills and spatial anxiety (Model 1). However, spatial skills were positively related to SHOMI-R score, but spatial anxiety was not associated with SHOMI-R (Model 2). These results suggest that after accounting for teachers’ general reasoning skills and general anxiety, primary teachers with stronger spatial skills also demonstrate greater SHOM. Yet, their spatial skills are not associated with their spatial anxiety, and spatial anxiety is not associated with SHOM.


TABLE 3 The relations between teachers’ spatial skills, spatial anxiety, and SHOMI-R.
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3.3 Do teachers’ spatial skills, spatial anxiety, and SHOM relate to their preferences for spatial pedagogical practices?

To understand if and how teachers’ spatial skills, spatial anxiety, and SHOM were related to their preferences for using spatial pedagogical practices, three additional regression models were conducted and compared. As prior analyses revealed that teachers’ pedagogical preferences vary by when they started teaching, we also controlled for teacher category (i.e., pre-reform versus post-reform) in these analyses. Results, shown in Table 4, revealed that primary teachers’ spatial skills, spatial anxiety, and SHOMI-R score do not relate to their overall preferences for implementing spatial pedagogical practices (Model 3) or specifically their preferences when teaching math (Model 4). However, primary teachers’ spatial skills are positively related to their preferences for using spatial pedagogical practices when teaching science (Model 5). Teachers with stronger spatial skills showed a greater preference for using spatial pedagogy for teaching science, even after accounting for their general reasoning, general anxiety, and when they started teaching.


TABLE 4 Regressions examining the relations between teachers’ spatial cognition, affect, and spatial pedagogical preferences.
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4 Discussion

Teachers play a critical role in shaping students’ learning and outcomes (e.g., Ball et al., 2005; Perera and John, 2020). This study examined the links between primary teachers’ spatial cognition, affect, and their inclination for choosing teaching practices that bolster students’ spatial skills during math and science instruction. Additionally, this study investigated whether primary teachers’ spatial cognition, affect, and preferences for using spatial pedagogical practices during STEM content varied based on their teaching start date–before or after educational reforms that emphasized spatial thinking (e.g., Pruitt, 2014; Moore et al., 2015).

Findings revealed that after accounting for their general reasoning and general anxiety, primary teachers’ spatial skills were positively associated with their SHOM. Additionally, teachers who began teaching before the most recent national educational reforms for pre-undergraduate mathematics and science showed a greater preference for including spatial pedagogy when teaching mathematics than teachers who began teaching after the reforms. Our study also found that primary teachers’ preferences for implementing spatial pedagogical practices when teaching science did not vary based on their training time point. However, they did vary based on teachers’ spatial skills. Teachers’ with stronger spatial skills showed a greater preference for using spatial teaching strategies in science regardless of educational training emphasis.

To contextualize these findings, it is important to consider how prior studies have examined the relationship between spatial skills and affective factors; indicating that pre-undergraduate teachers’ spatial anxiety is linked to their spatial skills (e.g., Atit and Rocha, 2021; Rocha et al., 2022). Yet, after accounting for general reasoning and anxiety, we found no relation between primary teachers’ spatial skills and spatial anxiety. Specifically, Atit and Rocha (2021) found that pre-undergraduate teachers’ spatial skills were negatively associated with their spatial anxiety for mental manipulation tasks. Rocha et al. (2022) replicated this finding after accounting for teachers’ general reasoning and anxiety. Differences in measurement tools may explain why our findings diverged from those of prior research (Atit and Rocha, 2021; Rocha et al., 2022). Both Atit and Rocha (2021) and Rocha et al. (2022) used mental rotation to assess teachers’ spatial skills and used the Spatial Anxiety Scale (Lyons et al., 2018) to assess teachers’ spatial anxiety.

The present study was built on the methodology used by Gagnier et al. (2021) and measured spatial skills utilizing a battery of 17 items assessing a variety of spatial skills. To measure teachers’ spatial anxiety, we asked teachers to rate their level of anxiety after completing each spatial problem. Research indicates that there is more than one kind of spatial skill (e.g., Newcombe and Shipley, 2015) and that the relation between spatial skills and spatial anxiety varies by the type of spatial task being assessed (Geer et al., 2024). Additionally, studies have found that problem-specific affective judgments may be more accurate than global and generic assessments of affective states (e.g., math anxiety, academic self-efficacy; Stankov et al., 2017). However, much of this research has been conducted outside of the field of spatial cognition. The inclusion of multiple spatial skill types and the use of problem-specific affective judgments to assess spatial anxiety may have obscured the relationship between spatial skills and spatial anxiety. Future studies should examine if and how the relation between spatial skills and spatial anxiety varies based on task and measurement characteristics.

Spatial skills and SHOM have both been recognized as aspects of spatial cognition essential to STEM reasoning and practice (e.g., Atit et al., 2020b; Jant et al., 2020). However, little research has examined the links between them. We found a positive relation between spatial skills and SHOM in primary teachers. Peterson et al. (2020) also found a positive relation between adolescents’ spatial skills and their SHOM. Moreover, they found that adolescents’ current participation in spatial activities predicted their current spatial skills, but their engagement in spatial activities during childhood predicted their later SHOM. In our research, after accounting for teachers’ general reasoning and general anxiety, we found no relation between teachers’ SHOM and their preferences for using spatial pedagogy. Instead, teachers’ spatial skills were positively linked to their pedagogical choices when teaching science (although not math). These findings suggest that early engagement in spatial tasks supports SHOM development. However, spatial skills appear to play a stronger role in teachers’ current preferences for spatial activities (in this case, during science instruction). To inform how to support the development of these factors, subsequent research should aim to identify how they are causally and longitudinally linked.


4.1 Primary teachers’ preferences for using spatial pedagogical practices when teaching mathematics versus science

Primary school science instruction often relies on textbooks or other educational resources (e.g., Appleton, 2002; Tobin, 1994) due to insufficient teacher preparation for effective science instruction (Trygstad et al., 2013). Primary teachers often do not specialize in science fields and are often not provided the necessary added pedagogical training to teach science content (Shulman, 1986). Thus, they have little STEM content knowledge and STEM pedagogical knowledge, both of which are essential to teaching effectively across the multiple disciplines required by primary science curricula (e.g., Bodzin and Beerer, 2003; Zhou et al., 2023).

Additionally, mastering science content and practices heavily relies on teachers’ engaging in spatial thinking and pedagogy supporting students’ spatial skill development. Spatial skills are positively linked with science achievement across primary, secondary, and undergraduate educational levels (Atit et al., 2025). For instance, understanding patterns in weather and climate (NGSS Standard 3-ESS2-1) requires skill in recording weather data, finding patterns, and making predictions using spatial visualizations. Our study revealed that those primary teachers who have stronger spatial skills showed a greater preference for using spatial pedagogy. Thus, leveraging teacher education programs to enhance teachers’ spatial skills may have implications for enhancing and better supporting the quality of primary science instruction and student outcomes more broadly.

Lastly, primary teachers’ spatial cognition and affect did not relate to their preferences for using spatial pedagogical practices when teaching mathematics. This finding may have resulted because we did not account for teachers’ math anxiety which can negatively impact pedagogical choices in primary classrooms (Schaeffer et al., 2021). Given math anxiety is particularly prevalent among primary teachers (Ganley et al., 2019), future investigations should account for teachers’ math anxiety to further enhance our understanding of the factors that can influence spatial pedagogical choices.



4.2 Limitations

Any study of teaching and pedagogical practices naturally has limitations. One limitation of this research involves how we gathered participants’ years of teaching experience. The item requesting information about the amount of prior teaching experience on our Demographic and Background Questionnaire asked participants to choose a response capturing the most accurate five year interval (e.g., 0–5 years of experience, 6–10 years of experience). We did not collect precise data on what year participants began teaching, nor accounted for possible breaks in service. Thus, not only the length of teaching experience, but when this teaching experience precisely occurred, may have further impacted our study outcomes (e.g., pre-reform teachers report more spatial pedagogy due to more teaching experience and not only as a result of years of experience during policy reform). Future studies should ask teachers to report more detailed information, such as the year in which they started teaching and their years of active service, to provide more accurate insight into the factors shaping their pedagogical choices.

A second limitation of our research is that our measure of teachers’ spatial pedagogical preferences implemented self-report survey methodology. Our survey did not include additional in situ classroom observations, limiting our ability to provide convergent evidence of teacher stated beliefs as being demonstrated during STEM instructional practices. Adopting a mixed-methods approach would be of benefit in future studies because research examining the accuracy of teachers’ reports regarding their own pedagogical choices are mixed (Koziol and Burns, 1986; Ernst et al., 2023).

Third, data collection in our study was limited to teachers only in California to standardize credentialing experiences because teacher training requirements vary from state to state (TEACH, 2021). However, while California is a large state with a robust teaching population that has implemented both NGSS and CCSS-Math, these policy shifts have also been adopted in a number of other states. Only using California as a control variable limits the further generalizability of these initial findings to teachers in other states.




5 Conclusion

This study underlines the importance of examining primary teachers’ spatial cognition and affect to enhance students’ spatial learning. Primary teachers’ spatial skills were found to be linked to their preferences for implementing spatial pedagogy when teaching science content. Inequities in STEM learning and achievement persist and continue to hinder economic (e.g., National Academies of Sciences, Engineering and Medicine, 2016) and social progress (e.g., Garibay and Teasdale, 2019), and early spatial skill development is fundamental for students’ concurrent and future STEM outcomes (e.g., Hanline et al., 2010; Hodgkiss et al., 2018). Thus, studying factors influencing primary teachers’ instructional decisions is critical for improving STEM education and outcomes.
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