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Abstract

Fostering students' spatial thinking skills holds great

promise for improving Science, Technology, Engineer-

ing, and Mathematics (STEM) education. Recent efforts

have focused on the development of classroom interven-

tions to build students' spatial skills, yet these interven-

tions will be implemented by teachers, and their beliefs

and perceptions about spatial thinking influence the

effectiveness of such interventions. However, our under-

standing of elementary school teachers' beliefs and per-

ceptions around spatial thinking and STEM is in its

infancy. Thus, we created novel measures to survey ele-

mentary teachers' anxiety in solving spatial problems,

beliefs in the importance of spatial thinking skills for

students' academic success, and self-efficacy in cultivat-

ing students' spatial skills during science instruction. All

measures exhibited high internal consistency and

showed that elementary teachers experience low anxiety

when solving spatial problems and feel strongly that

their skills can improve with practice. Teachers were

able to identify educational problems that rely on spatial

problem-solving and believed that spatial skills are more

important for older compared to younger students.
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Despite reporting high efficacy in their general teaching

and science teaching, teachers reported significantly

lower efficacy in their capacities to cultivate students'

spatial skills during science instruction. Results were

fairly consistent across teacher characteristics (e.g., years

of experience and teaching role as generalist or special-

ist) with the exception that only years of teaching science

was related to teachers' efficacy in cultivating students'

spatial thinking skills during science instruction. Results

are discussed within the broader context of teacher

beliefs, self-efficacy, and implications for professional

development research.
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1 | INTRODUCTION

Innovations in Science, Technology, Engineering, and Mathematics (STEM) are a cornerstone of the
United States' economic prosperity, yet national and international assessments paint a poor picture
of students' STEM competencies. For example, only 38% of 4th graders reach proficiency levels in
science and this rate drops to 22% in 12th grade (National Assessment of Educational
Progress, 2015). International assessments reflect the same patterns (OECD, 2018); just 9% of
15-year-old students in 2018 showcased high scientific literacy—the capacity to effectively analyze
complex information, synthesize, and evaluate evidence, and reason from various sources (NCES,
2020, https://nces.ed.gov/surveys/pisa/pisa2018/index.asp#/science/intlcompare). Data such as these
have motivated transformative approaches to improve STEM education including research-informed
science and mathematics standards (e.g., The Next Generation Science Standards; National Research
Council, 2012; and Common Core State Standards) and recommendations to maximize science and
mathematics teachers' instructional effectiveness (NAS, 2015; Stigler & Hiebert, 2004).

One area that holds particular promise for improving STEM education is spatial thinking
(Newcombe, 2010). Over 60 years of longitudinal research has suggested that spatial thinking
skills are essential to success in STEM (Shea et al., 2001; Wai et al., 2009) and a growing body of
intervention work has shown that improving students' spatial thinking skills improves STEM
outcomes (Cheng & Mix, 2014; Gagnier et al., 2017; Lowrie et al., 2017; Miller & Halpern, 2013;
Small & Morton, 1983; Sorby et al., 2013). These findings have led to efforts to infuse spatial
thinking into classroom-based interventions (Burte et al., 2017; Davatzes et al., 2018; Gagnier &
Fisher, 2020; Resnick et al., 2017; Taylor & Hutton, 2013). While such efforts focus on students'
skills, teachers are the key drivers of intervention effectiveness, and their beliefs (e.g. self-effi-
cacy) and feelings (e.g. anxiety) can influence intervention fidelity (Cantrell et al., 2013; Klimes-
Dougan et al., 2009) and student motivation and achievement (Anderson et al., 1988; Beilock
et al., 2010; Canning et al., 2019; Lumpe et al., 2012).
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In order to develop effective classroom interventions to foster students' spatial skills, we
must understand teachers' spatial thinking beliefs, perceptions, and feelings. In this article, we
report the first attempt to probe elementary teachers' perceptions of their own spatial skills,
beliefs about the importance of these skills for solving STEM problems and academic success,
and self-efficacy in cultivating students' spatial skills during classroom instruction in science.
This work will directly inform our understanding of teachers' beliefs and lead to actionable rec-
ommendations for teacher training to support the development, implementation, and evalua-
tion of spatial interventions in the classroom. In the following sections we describe research
linking spatial thinking to success in STEM fields, the promise of training spatial skills for
improving STEM education, and the role that teachers' beliefs (e.g., self-efficacy), perceptions,
and feelings (e.g. anxiety) play in the success of educational interventions, and why understand-
ing teachers' spatial thinking beliefs, perceptions, and feelings are central to ensuring the effec-
tiveness of interventions aimed at building students' spatial thinking skill.

1.1 | Spatial thinking is critical for STEM success

Spatial thinking encompasses a collection of cognitive skills that allow us to organize, reason
about, and mentally manipulate spaces that are both real and imagined. These include reasoning
about the shape, size, orientation, direction, and trajectory of objects, the relations among objects,
mentally visualizing objects and/or these relations, and reasoning about the objects and their rela-
tions over space and time (NRC, 2006). Spatial thinking skills are critical in daily life as we search
for specific locations (e.g., where is the movie theater in relation to the supermarket), use repre-
sentation of space such a navigating with a map or assembling furniture from a diagram, or ima-
gine what our living room furniture might look like in an alternative arrangement.

Spatial thinking skills are also essential for success in STEM. Longitudinal research over the
last 60 years suggests that spatial skills predict students' entrance into, retention in, and success
within STEM fields (Shea et al., 2001; Wai et al., 2009). A seminal study, Project Talent, mea-
sured the spatial thinking skills of a nationally representative sample of 400,000 high school stu-
dents in the 1960s and followed them for 11 years postgraduation. Students' spatial skills were
measured in tests that asked students to imagine folding a two-dimensional shape into a three-
dimensional one, mentally rotate two-dimensional shapes in their head, and reason about
mechanical gears (see Newcombe, 2010 for examples). Results showed that 11 years later, stu-
dents who had performed well on these measures of spatial thinking were more likely to have
selected STEM college majors, succeed in those majors, and pursued STEM careers, compared
to their peers who had performed less well on these measures. This was true even after control-
ling for students' mathematical and verbal skills. Other longitudinal studies, in which students'
spatial skills were assessed in middle school and followed for 20 years (Shea et al., 2001), or in
preschool and followed through high school (Wolfgang et al., 2003), show similar findings; spa-
tial skills are unique and independent predictors of success in STEM fields.

There is also ample experimental evidence that spatial thinking underlies students' compre-
hension of and reasoning about scientific phenomena (Gagnier et al., 2017; Jee et al., 2013;
Kozhevnikov et al., 2007; Miller & Halpern, 2013; Mix, 2019; Rudmann, 2002; Sanchez, 2012;
Shipley et al., 2013; Small & Morton, 1983; Sorby, 2001; Stieff, 2011; Verdine et al., 2017). In
order for students to solve scientific problems, they must be able to understand and reason
about the spatial properties of objects (e.g., location, size, and volume). They must also use visu-
alizations (e.g., maps, graphs, and diagrams) to understand and reason about spatial relations
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that are often unable to be directly observed (e.g., molecules, tectonic plates, and forces). For
instance, the Next Generation Science Standards require students to use diagrams, such as
Figure 1, to understand forces and predict how changes in forces can influence the motion of
an object. To use the diagram in Figure 1, a student must (1) relate the lines in the diagram to
3D objects, (2) understand that the size and direction of the arrows indicate the force being
applied to the object, (3) reason about how these elements interact with one another, and
(4) visualize and predict how changes to the forces will affect the object's movement.

While often assumed to be innate, spatial skills are malleable. A recent meta-analysis showed
that spatial thinking skills can be improved through training with long-lasting and generalizable
benefits (Uttal et al., 2013). Spatial training improves performance in many populations including
high achievers (Miller & Halpern, 2013) as well as across students of varying academic ability
(Terlecki et al., 2008), and these benefits occur for men and women (see Uttal et al., 2013). A vari-
ety of experiences can improve skills including formal practice, coursework in spatially-rich disci-
plines such as engineering drafting, and playing spatially-intensive videogames. Critically, for
those interested in advancing STEM education, an emerging body of research has shown that
training spatial skills leads to improvements in STEM outcomes. Compared to control groups
who receive nonspatial training, students who receive spatial training show significant improve-
ments on pre- to post-test measures of knowledge and skills in chemistry (Small & Morton, 1983),
engineering (Sorby, 2001, 2009), elementary and middle school math (Cheng & Mix, 2014; Lowrie
et al., 2017), calculus (Sorby et al., 2013), physics (Miller & Halpern, 2013), and geoscience
(Gagnier et al., 2017; Sanchez, 2012). For example, Cheng and Mix (2014) gave 6–8-year-olds a
pre- and postmeasure of mathematical skill. In between, half of the students received training on
crossword puzzles (nonspatial training) and the other half received training on mentally imagin-
ing rotating objects (spatial training). Only the students who received spatial training showed sig-
nificant improvement in their mathematical skill post-test.

Together, these findings suggest that training spatial skills is a promising avenue to improve
STEM learning and have led to calls to leverage spatial thinking research in the classroom

FIGURE 1 A diagram illustrating why a balanced force is an object at rest. The arrows' size and direction

indicate the strength and direction of the force being applied to the box. Image credit: https://quizizz.com/

Balanced & Unbalanced Forces/Newton's Laws
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(e.g., Cognitive Research Principles and Implications Spatial is Special, Special Edition;
Gagnier & Fisher, 2020; Hegarty, 2014; Newcombe, 2010, 2013, 2017; Newcombe & Frick, 2010;
Uttal & Cohen, 2012; Uttal et al., 2013; Wai & Uttal, 2018). These recent efforts have focused on
the development of classroom-based interventions aimed at improving STEM learning by build-
ing students' spatial skills (Burte et al., 2017; Lowrie et al., 2017; Taylor & Hutton, 2013). For
example, Burte et al. (2017) trained teachers to lead a 6-week classroom intervention that
included origami and pop-up paper engineering activities to build elementary students' spatial
thinking and mathematical skills. Similarly, Lowrie et al. (2017) taught five middle school math
teachers about spatial thinking research and asked them to design and implement 20 lesson
plans to build students' spatial skills. Gagnier and Fisher (2020) outline a curriculum develop-
ment project in which a team of cognitive and developmental scientists, science education
experts, and curriculum developers are creating a spatially-enhanced curriculum for 3rd grade
students, which will be implemented by 3rd grade teachers.

1.2 | Teacher beliefs, perceptions, and feelings influence their
practices and student outcomes

As these previous examples illustrate, classroom-based interventions aimed at building students'
spatial skills will be implemented by teachers (see also Gagnier & Fisher, 2020). Yet, the success
of such interventions will be dependent on teachers' beliefs, perceptions, and feelings. Theoreti-
cal frameworks within educational, cognitive, and social psychology posit that teachers' knowl-
edge, beliefs, and attitudes influence their classroom practices and professional activities, which
in turn influence the classroom environment, and student interest and learning (see
Fang, 1996; Kagan, 1992; Nespor, 1987; OECD, 2009). For example, it is well-recognized that
teacher characteristics (e.g., years of experience; Wayne & Youngs, 2003) beliefs, perceptions,
and feelings shape their classroom practices (Charlesworth et al., 1991; Hyson et al., 1990),
fidelity of program implementation (Cantrell & Hughes, 2008; Cantrell et al., 2013; Durlak &
DuPre, 2008; Klimes-Dougan et al., 2009), and student interest, motivation, self-confidence, and
achievement (Beilock et al., 2010; Canning et al., 2019; Ertmer et al., 2012; Stipek et al., 2001;
Upadyaya & Eccles, 2014).

One of the most well-studied teacher beliefs is teaching self-efficacy. Derived from Bandura's (1997)
social cognitive theory, teacher self-efficacy, or teaching efficacy, is a teacher's belief in his or her
capacity to promote students' learning (Hoy, 2000) and successfully cope with tasks, obligations, and
challenges related to his/her professional role (Caprara et al., 2006). Self-efficacy has emerged as a crit-
ical mechanism influencing teachers' behaviors and student learning (Burley et al., 1991; Glickman &
Tamashiro, 1982; Klassen et al., 2011; Klassen & Tze, 2014; Meijer & Foster, 1988; Soodak &
Podell, 1993). Teaching efficacy is positively related to the classroom use of effective teaching strategies
(Guskey, 1988; Ross, 1994; Woolfolk Hoy & Burke-Spero, 2005), openness to novel teaching methods
(Berman et al., 1977; Guskey, 1988; Stein & Wang, 1988), effective classroom management
(Tsouloupas et al., 2010), high levels of planning and organization (Allinder, 1994), and greater
teacher well-being and job satisfaction (Betoret, 2006; Egyed & Short, 2006; Klassen et al., 2009;
Skaalvik & Skaalvik, 2007; Smylie, 1988; Tschannen-Moran & Hoy, 2001). Teachers' self-efficacy is
also related to student motivation, self-efficacy, and achievement (Anderson et al., 1988; Armor
et al., 1976; Ashton & Webb, 1986; Caprara et al., 2006; Goddard et al., 2000; Kim & Seo, 2018;
Klassen & Tze, 2014; Midgley et al., 1989; Mojavezi & Tamiz, 2012; Moore & Esselman, 1992;
Ross, 1992; Tschannen-Moran & Barr, 2004).
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Teacher efficacy is critical to the discussion of how teacher beliefs might impact the imple-
mentation of programs designed to develop students' spatial thinking, as teaching self-efficacy
influences the degree to which an educational program is implemented as intended. For exam-
ple, Cantrell and Hughes (2008) found that personal teaching efficacy was related to the imple-
mentation of content-focused literacy practices at the beginning of the year, suggesting that
teachers with high efficacy implement programs with greater fidelity. Implementation fidelity is
a critical component of developing and maintaining effective programs (Carroll, Patterson,
Wood, Booth, Rick, & Balain, 2007; O'Donnell, 2008), as an intervention must be implemented
with high fidelity to achieve optimal effectiveness. In a thorough review of factors that affect
implementation fidelity of programs, Durlak and DuPre (2008) noted four characteristics
(beliefs and skills) of program implementers that influenced their fidelity of implementation,
and self-efficacy was chief among them. Program implementers who feel more confident in
their capacity to do what is expected (i.e., have higher self-efficacy), are more likely to have
greater implementation fidelity of programs. Other characteristics that supported greater imple-
mentation fidelity included those who recognize the importance of the intervention, those who
believe the intervention will be successful, and those who have the required skills and knowl-
edge to successfully implement the program.

Beyond self-efficacy, teachers' feelings and emotional states can also influence their behav-
iors and student achievement. For example, anxiety about a domain (e.g., math) can influence
teacher practices and student achievement (Bates et al., 2011; Beilock et al., 2010). Beilock
et al. (2010) found that the more math-anxious a female first and second grade teacher, the
more likely her female students are to endorse math stereotypes and the lower their math
achievement at the end of the year. Gunderson et al. (2013) extended this finding to the domain
of spatial thinking; first and 2nd grade teachers with higher spatial anxiety1 had students who
performed less well on a measure of spatial thinking than low anxious teachers. The causal
mechanism(s) that accounts for the effects of teacher anxiety on student achievement remains
unknown; however, Gunderson et al. (2013) offer several possible hypotheses. They note that as
spatial skill is not an academic content area (and thus, is not formally present in the curricula)
teachers with high spatial anxiety may avoid introducing spatial activities in the classroom, thus
limiting students' opportunities to engage in spatial thinking and subsequently decreasing spa-
tial learning (see also Levine et al., 2012). Additionally, teachers with high spatial anxiety may
select less effective spatial activities or implement them less effectively than teachers with low
spatial anxiety. Finally, teachers with higher spatial anxiety may be less supportive of students
who engage in spatial thinking (e.g., diagramming a math word problem to find the solution),
which will again limit students' opportunities to practice spatial thinking in the classroom.

As these hypotheses illustrate, supporting students' spatial skills in the classroom likely
relies on teachers' comfort with spatial thinking and self-efficacy in implementing effective spa-
tial practices. Yet, we know virtually nothing about teachers' self-efficacy with regards to culti-
vating students' spatial skills in the classroom or their beliefs and perceptions about spatial
thinking in STEM. Recent evidence, however, suggests a need to build elementary teachers'
capacities. Using a nationally representative sample, Atit et al. (2018) examined the spatial skill
of high school students who later became teachers. The results showed that high school stu-
dents who went on to teach preschool and primary grades had below-average spatial skills com-
pared to the college graduate population (by almost 0.6 standard deviations).

While this finding illustrates the opportunity to build elementary teachers' spatial skills, it
does not provide an understanding of teachers' beliefs and perceptions regarding these skills. To
our knowledge, only one study has examined teachers' beliefs about spatial thinking in a STEM
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domain, and it focused on mathematics. Burte et al. (2020) surveyed kindergarten through 6th
grade teachers' attitudes about mathematics and spatial thinking, anxiety about teaching math-
ematics, and their spatial anxiety.2 They found that teachers with lower spatial anxiety were
more likely to have lower anxiety about teaching math, greater efficacy in teaching math, and
math beliefs that were aligned with research on how children learn math. This study revealed
connections between elementary school teachers' beliefs about spatial thinking and mathemat-
ics and raises additional questions regarding whether these relations extend to other domains,
such as science, and whether teachers believe that spatial thinking is important for STEM suc-
cess and that their own skills can improve with training.

1.3 | The current study

In this article, we sought to further understand elementary teachers' feelings, beliefs, and per-
ceptions about spatial thinking and STEM. Our specific research questions and selected mea-
sures to answer them were motivated by frameworks and findings that link teacher beliefs,
perceptions, and feelings and with teacher practices and student outcomes. Drawing upon
Bandura's social cognitive framework (Bandura, 1997), which posits that teachers are strongly
influenced by their beliefs about whether they can impact student learning and that these
beliefs directly relate to their persistence, effort, and practices in the classroom, we were specifi-
cally interested in understanding three questions:

1. How anxious and confident are elementary school teachers when solving spatial problems and
do they believe their spatial skills can improve with training? Drawing upon the inverse rela-
tionship between teacher anxiety and student achievement (Bates et al., 2011; Beilock
et al., 2010; Gunderson et al., 2013), we reasoned that if teachers are anxious about spatial
problem-solving, this might influence their successful implementation of spatial programs
and practices. However, previous work in this area (Gunderson et al., 2013) measured
teachers' spatial anxiety in situations that were primarily navigation-focused and thus may
not be directly tapping into the types of spatial skills that teachers will encounter and/or use
when teaching science. Here, we focused on teachers' anxiety solving spatial problems that
have been linked to performance in STEM (see Uttal & Cohen, 2012) and extended this
work to examine the degree to which teachers feel their skills can improve with training.
Understanding teachers' spatial anxiety has direct implications for teacher training programs
regarding how to implement spatial thinking activities and programs in the classroom.

2. How important do elementary school teachers believe spatial skills are for solving STEM prob-
lems and do they perceive spatial skills are equally important for students of all ages? Durlak
and DuPre (2008) reported that program implementation is influenced by the degree to
which implementers feel the intervention is important, thus, we surveyed teachers' beliefs
about how important spatial thinking is for academic problem-solving and a student's aca-
demic career at various ages. Understanding how important teachers feel these skills are for
solving STEM and non-STEM problems at various ages will contribute to our understanding
of teacher beliefs more broadly and has direct implications for training teachers in how to
implement spatial thinking practices in their classroom.

3. How well do elementary school teachers feel they can cultivate students' spatial skills during sci-
ence instruction and how does this relate to their science teaching and general teaching self-effi-
cacy? This question was motivated by the extensive literature linking teaching efficacy to
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teacher behaviors, implementation fidelity, and student outcomes. We focused on spatial
thinking self-efficacy during science instruction because science is undervalued in elemen-
tary school. For example, science instruction often receives less attention in elementary
school than instruction in mathematics and literacy (McCutcheon, 1980; Spillane
et al., 2001; Stake et al., 1978). Additionally, elementary school teachers often report less pos-
itive experiences with science and low confidence teaching it (Czerniak & Chiarelott, 1990;
Gustafson & Rowell, 1995). If teachers feel less capable in developing students' spatial skills
during science instruction, this suggests targeted professional development opportunities are
necessary to support teachers' use of spatial practices in their classroom.

There are, however, no extant measures to probe our three research questions. Therefore, the
work presented here had three goals. First, we sought to develop such measures and examine
their psychometric properties. Second, we aimed to describe teachers' feelings, beliefs, and per-
ceptions related to spatial thinking in STEM and self-efficacy in cultivating students' spatial
skills during science instruction. Third, we examined similarities and differences in beliefs, feel-
ings, and perceptions based on teacher characteristics (such as years of experience teaching and
discipline taught (e.g., a generalist teaching all subjects or a specialist teaching math and sci-
ence). Finally, we explored the relations between general and science teaching self-efficacy, and
teachers' self-efficacy in cultivating students' spatial thinking skills during science instruction.
These questions will further our understanding of elementary teachers' beliefs and perceptions
and yield novel insights to guide the development of targeted teacher training programs and
interventions to leverage spatial thinking to support STEM learning.

2 | METHODS

2.1 | Participants

One hundred and four 2nd, 4th, and 5th grade teachers participated. Teachers were drawn from
a large, urban district outside of Washington, DC, and were recruited through emails
from school principals. Most teachers identified as female (84.6%) and the plurality identified as
African American/Black (44.2%), though a substantial portion identified as White (32.7%). The
largest proportion of teachers were between 30 and 39 years old (28.8%), with substantial pro-
portions between 20 and 29 (24.0%) or 40 and 49 (22.5%). See Table 1 for additional information

TABLE 1 Demographic composition of the sample

Race/ethnicity Frequency Percent Age Frequency Percent

African American/Black 46 44.2% Under 25 years 2 1.9%

Hispanic/Latinx 4 3.8% Between 25 and 29 25 24.0%

White 34 32.7% Between 30 and 39 30 28.8%

Asian/Pacific Islander 10 9.6% Between 40 and 49 23 22.1%

Multiracial 5 4.8% Between 50 and 59 17 16.3%

Other 2 1.9% Over 60 5 4.8%

Did not Report 3 2.9% Did not report 2 1.9%
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about the sample's demographic composition; 25.3% of our sample taught 2nd grade, 34.1% tau-
ght 4th grade, and 40.7% taught 5th grade.3 Over half of teachers (57.7%) reported that their
highest degree in the field of education was a master's degree, and on average teachers had
11.8 years of experience (SD = 8.53 years), though the amount of experience ranged widely
from 1 to 34 years. Experience in teaching science also varied widely (from 0 to 33 years), with
teachers reporting 8.06 years' experience on average (SD = 6.91). Approximately half of teachers
(53.8%) reported that they worked in a Title I school (meaning that at least 40% of children
come from low-income families), and more than half (56.7%) indicated that there were special-
ists, rather than generalists. Of the specialists, 44.1% taught math and 94.9% taught science.

2.2 | Procedure and measures

All 2nd, 4th, and 5th grade teachers in the district were recruited for and eligible to participate
in the study. They received an email with a link to participate. All surveys were completed
online using SurveyMonkey and the survey in total took approximately an hour to complete.
When participants logged into the platform, they first completed a consent form which
informed them of the purpose of the study, procedures, risks and discomforts, benefits of the
study, that their participation was voluntary and they may stop at any time, that all documents
and materials will be kept confidential, and the compensation they would receive for their par-
ticipation. Participants who completed all surveys received a 40-dollar gift card.

Following the consent form, participants read a paragraph informing them that the surveys
contained a series of questions that probed their beliefs and opinions about teaching, their stu-
dents, their problem-solving skills, and their classroom. They were assured there were no right or
wrong answers and that we were interested in their beliefs, perceptions, and feelings. Participants
then proceeded to complete the survey, which consisted of the following six surveys. Each survey
had its own set of instructions which informed the participant of the specific details, instructions,
and rating scale used. All participants completed the following surveys in the following order:

Teachers' Sense of Efficacy Scale Short Form (TSES; Tschannen-Moran & Hoy, 2001): This
reliable and valid 12-item survey probes teachers' efficacy in three domains: (1) student engage-
ment (4 questions; e.g., How much can you do to motivate students who show low interest in
schoolwork?), (2) instructional strategies (4 questions; To what extent can you craft good ques-
tions for your students?), and (3) classroom management (4 questions; How much can you do
to control disruptive behavior in the classroom?). The instructions informed participants that a
number of statements about organizations, people, and teaching would be presented and that
the purpose of this survey is to gather information regarding the actual attitudes of educators
concerning these statements. Respondents then rated how much they feel they can do for each
question on a 9-point rating scale from “none at all” to a “great deal.” Consistent with the find-
ings reported by Tschannen-Moran and Hoy (2001), each of the three sub-domains exhibited
high internal consistency in our sample: student engagement (α = 0.81), instructional strategies
(α = 0.89), and classroom management (α = 0.89). We included this measure to probe teachers'
efficacy regarding teaching in general. This serves as a baseline to which we can compare spe-
cific forms of efficacy (e.g., efficacy teaching science and cultivating spatial thinking skills).

Science Teaching Efficacy Belief Instrument (STEBI; Riggs & Enochs, 1990): This 25-item sur-
vey is a reliable and valid measure of teachers' beliefs about science teaching. The measure
includes two subscales: (1) Personal Science Teaching Efficacy Belief scale which probes
teachers' beliefs about their own skills and capacities in teaching science (13 questions;
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e.g., Even when I try very hard, I do not teach science as well as I do most subjects) and (2) the
Science Teaching Outcome Expectancy scale which probes what teachers result or outcome
teachers expect from science teaching (12 questions, e.g., effectiveness in science teaching has
little influence on the achievement of students with low motivation). Participants were
informed that they would be asked a series of questions designed to help us get a better sense of
their confidence in teaching practices related to the science curriculum and that there were no
right or wrong answers. The survey instructions specified that when the questions referred to
“helping your students” this meant that the teacher was not providing the answer or offering
direct instruction on a concept, but rather, letting students discover. Statements are rated on a
5-pt scale from “strongly disagree” to “strongly agree.” Although this measure included two
sub-scales, we only included the Personal Science Teaching Efficacy Belief scale in our analyses
(α = 0.91) because internal consistency for the Science Teaching Outcome Expectancy scale
exhibited marginal internal consistency (α = 0.69). This scale probed teachers' efficacy in teach-
ing science. The inclusion of this measure allowed us to understand the relations between
teachers' general efficacy, efficacy teaching science, and efficacy in cultivating spatial thinking
skills during science instruction.

Spatial Thinking Confidence and Anxiety Instrument: This 11-item instrument was devel-
oped for this study to gauge teachers' sense of anxiety and confidence in solving spatial prob-
lems. Participants were informed that the next questions were related to their thoughts about
spatial thinking and the following definition of spatial thinking was provided, “Spatial thinking
concerns the locations of objects, their shapes, their relations to each other, and the paths they
take as they move. All of us think spatially in many everyday situations: when we consider rear-
ranging the furniture in a room, when we assemble a bookcase using a diagram, or when we
relate a map to the road ahead of us.” Participants then proceeded with the survey. Questions
1–10 were each comprised of four parts (an example is shown in Figure 2). In part 1, teachers
solved a spatial problem. For example, as shown in Figure 2, they were asked to pick, which of
four answer choices best represents the cross-section resulting from the pictured cut. In parts
2–4, teachers rated how anxious they felt when asked to solve the problem, how confident they
were that they solved the problem correctly, and how confident they were that they could get
better at this type of problem with practice. Our intention was not to test teachers' skills, but to
allow them to experience spatial problem-solving and thus more accurately judge their own
anxiety and confidence.

Current measures of spatial anxiety (e.g., Lawton, 1994; Lyons, Ramirez, Maloney, Rendina,
Levine, & Beilock, 2018) ask participants to rate their feelings of anxiety in a variety of imag-
ined spatial tasks that include mental manipulation (e.g., asked to imagine and mentally rotate
a three-dimensional figure), navigation (e.g., finding your way back to your hotel after becom-
ing lost in a new city), or using imagery (e.g., asked to give a detailed description of a person's
face whom you have only met once). To more accurately gauge teachers' anxiety while solving
spatial problems, we felt it was critical to ask teachers to actually problem-solve rather than
imagine doing so.

We selected 10 spatial problems that have been linked to performance in STEM (Uttal &
Cohen, 2012). The spatial problems were selected from a variety of measures of spatial thinking
including the Johns Hopkins Center for Talent Youth's Spatial Test Battery (Stumpf
et al., 2013), the Geologic Block Cross-Sectioning Test (Ormand et al., 2014), the Mental Rota-
tion Test-A (Peters et al., 1995). Questions were selected to represent a range of spatial thinking
tasks including mental rotation, perspective taking, visualizing cross-sections, paper-folding,
disembedding, surface development, and understanding of isometric projection. In Question 11,
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teachers were asked to reflect on all of the problems they just solved and rate their general level
of anxiety solving these types of problems and confidence completing the questions correctly
and confidence that they could improve on these general types of problems with practice. This
question was intended as a global measure of anxiety and confidence in spatial problem-solving.
All questions were rated on a five-point scale ranging from “Not at all” (coded 0) to “Extremely”
(coded 4).

Beliefs about the Importance of Spatial Thinking for Solving Problems: Drawing upon the pre-
viously described work Durlak and DuPre (2008) and the literature linking spatial thinking to
STEM (Uttal & Cohen, 2012), we developed this 18-item measure to assess teachers' perceptions
of the importance of spatial skills in solving problems. Teachers read 17 educational scenarios
depicting a problem a student must solve (e.g., a 10th grade geometry student solving the area
of the base of a pyramid; See Figure 3). Teachers read each scenario and rated how important
spatial skills are to solve each problem on a 5-pt scale from not important (coded 0) to
extremely important (coded 4). Again, the instructions concerned that they were not being
asked to solve the problems, but simply to share their opinions and beliefs regarding the

FIGURE 2 An illustration of spatial thinking confidence and anxiety instrument. (1) Teachers read the

directions and solved each problem; and then rated their (2) anxiety during problem-solving; (3) confidence in

their answer, and (4) confidence that they could improve with practice
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importance of spatial thinking skills for solving each problem. Scenarios spanned educational
content for elementary (e.g., phases of the moon), middle (model of the solar system), high-
school (mitochondrial cell functioning), and college-level (e.g., engineering drafting) content
and always included a visual diagram. Thirteen scenarios included STEM content (geometry,
astronomy, engineering drafting, algebra, weather, biology, chemistry) and four included non-
STEM content (literature, history, photography, and English).

During measurement development, we engaged four spatial thinking experts (with over
10 years of experience in spatial thinking and STEM education research) to rate how important
spatial thinking was to solve each problem. We used their ratings to classify educational scenar-
ios as high-importance problems (i.e., spatial thinking was judged as very important to solving
the problem), medium-importance problems (i.e., spatial thinking was judged as moderately
important to solving the problem), or low-importance problems (i.e., spatial thinking was judged
as not important to solving the problem). Of the STEM scenarios, five scenarios were rated by
experts as high-importance, four scenarios were rated as medium importance, and four scenar-
ios were rated as low-importance. In our sample, teachers' ratings justified calculating a sub-
scale score for the high-importance problems (α = 0.74), medium-importance problems
(α = 0.87), low-importance STEM problems (α = 0.87), and the low-importance, non-STEM
problems (α = 0.85). These scores were calculated as the mean rating of the problems that com-
prised each sub-scale.

Question 18 of this measure gauged teachers' sense of the importance of spatial thinking
skills for students across grades. Teachers were asked to rate how important spatial
thinking was in general for five groups of students: those in kindergarten through second grade,
those in grades 3–5, those in grades 6–8, those in grades 9–12, and those in college.

Spatial Thinking in Science Self-Efficacy: We developed this 24-item scale to probe teachers'
self-efficacy in cultivating and assessing students' spatial thinking skills during various aspects
of science instruction. Drawing upon existing measures of general teaching self-efficacy (Hoy &
Woolfolk, 1993; Tschannen-Moran & Hoy, 2001) and theories of job-embedded practice that
identify activities that teachers engage in during daily teaching (Croft et al., 2010), we probed
efficacy across five teacher practice dimensions:

FIGURE 3 An illustration of the beliefs about the importance of spatial thinking for solving problems

measure. Teachers read the scenario and rated how important spatial thinking skills are to solve the problem.

This scenario was rated by experts and teachers as a “high-importance” problem
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1. Four questions probed efficacy in cultivating students' spatial thinking skills when observing
students in the classroom (α = 0.88). For example, “Imagine you are observing students
while currently teaching a science lesson. How well can you tell that a student is struggling
with a particular lesson because she or he does not have the spatial skills to solve the
problem?”

2. Six questions probed efficacy during lesson planning (α = 0.87). For example, “Imagine you
are revising an existing science lesson plan. How well can you create class activities that pro-
mote a student's spatial thinking skills?”

3. Five questions related to efficacy in differentiating instruction (α = 0.95). For example, “Ima-
gine you are revising an existing science lesson plan to meet the needs of individual stu-
dents. How well can you tailor a lesson plan to meet a student's spatial thinking skill level?”

4. Five questions probed efficacy in designing assessments (α = 0.96). For example, “Imagine
you are designing an assessment for a science lesson. How well can you identify whether a
science assessment relies on a student's spatial thinking skills?

5. Four questions probed efficacy when reviewing science standards (α = 0.92). For example,
“Imagine your school is about to adopt new science standards and you have been asked to
review the standards. How well can you distinguish between science standards that rely
heavily on spatial thinking skills versus those that do not?”

Participants were informed that these questions were designed to help us better understand
what they feel they can do in the classroom and that there were no right or wrong answers, we
were simply interested in their opinions and feelings. All items were scored on a 5-pt scale rang-
ing from not at all well (coded 0) to extremely well (coded 4). A subscale score was calculated
as the mean of the items corresponding to each dimension, and an overall score was
calculated as the mean of all items on the measure (α = 0.97).

Demographic Questionnaire: Following the completion of the previously described measures,
teachers completed a demographic questionnaire which probed characteristics such as gender,
ethnicity, age, educational experiences (e.g., years of experience teaching, highest degree, types
of educational certifications), school type (e.g., Title 1), and whether they were a generalist
(a teacher who taught all subjects) or a specialist (e.g., taught only math and science).

3 | RESULTS

In the following section, we present the results for our three main research questions. For each,
we describe overall findings and then discuss results based on teacher characteristics such as
years of experience and subjects taught.

3.1 | How anxious and confident are teachers when solving spatial
problems?

Teachers reported a low level of anxiety about answering the questions (M = 1.25, SD = 0.88), a
modest level of confidence that they answered them correctly (M = 2.08, SD = 0.86), and high
confidence that they could improve with training (M = 2.94, SD = 1.06). While this measure
was not an index of spatial skill, we did examine performance. On average, teachers answered
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half of the questions correctly (M = 49.7% correct, SD = 24.2%) and this did not differ across
specialists (M = 52.8% correct) and generalists (M = 45.9% correct, t [89] = 1.34, p = 0.185).

Table 2 displays the percentage of correct responses, which varied by question. Teachers'
anxiety and confidence also varied by question, and these variations generally followed the
questions' difficulty (as indexed by the percent of teachers responding to a particular question
correctly). For example, for question 8, which was answered correctly by 83.7% of respondents,
teachers reported the lowest level of anxiety (M = 0.64) and the highest level of confidence that
they solved the question correctly (M = 2.76). The proportion of correct responses was nega-
tively correlated with teachers' anxiety (r [10] = �0.86, p = 0.001), and positively correlated
with confidence that they answered the question correctly (r [10] = 0.90, p <0.001) and that
they could improve with training (r [10] = 0.78, p = 0.007). Teachers who answered a question
correctly reported lower anxiety and higher confidence than teachers who answered that ques-
tion incorrectly, although these differences only achieved significance in a small number of
cases (see Table 2).

Teachers' anxiety was not related to how long they had been teaching science (p = 0.374).
There were trend-level associations between years teaching science and confidence that they
answered the questions correctly (r [100] = 0.17, p = 0.098) and that they could improve with
training (r [100] = 0.16, p = 0.109). Specialists reported lower levels of overall anxiety
(M = 1.10, SD = 0.87), than their generalist peers (M = 1.45, SD = 0.87) at a rate that was very
nearly significant (t [101] = �1.99, p = 0.050). Parallel differences between specialists and gen-
eralists were not observed with respect to confidence in their answer (p = 0.377) or that they
could improve with training (p = 0.460).

3.2 | How important do teachers believe spatial thinking is for
solving problems?

Importance by Scenario Type. As reported in the measures section above, the three subscales of
this measure exhibited internal consistency (α) ranging from 0.74 to 0.87. Table 3a shows the
mean importance ratings teachers assigned for each of our three scenario types (high-impor-
tance, medium-importance, and low-importance). Teachers' ratings generally followed those
made by the experts. That is teachers assigned a higher level of importance to scenarios that
experts had also assigned a high-level of importance. After correcting for multiple comparisons
via the Bonferroni method (α/6 = 0.008), the mean score for “high-importance” scenarios
was significantly higher than those assigned for “medium-importance” (Mdiff = 1.22,
SDdiff = 1.10, t [102] = 11.26, p <0.001) or “low-importance” scenarios, regardless of whether
low-importance questions presented STEM content (Mdiff = 1.56, SDdiff = 1.14, t [102] = 11.89,
p <0.001) or not (Mdiff = 1.27, SDdiff = 1.14, t [102] = 11.32, p <0.001). A similar pattern was
observed between “medium-importance” and STEM-related low-importance questions
(Mdiff = 0.34, SDdiff = 0.75, t [102] = 4.64, p <0.001). There was, however, no difference in rat-
ings for the “medium importance” and “low-importance” non-STEM scenarios (p = 0.546).
Teachers rated spatial thinking as more important for the non-STEM scenarios than the STEM
scenarios identified by experts as “low-importance” (Mdiff = 0.28, SDdiff = 0.08, t [102] = �3.47,
p = 0.001). A possible explanation for this is discussed in Section 4. These patterns are shown
in Figure 4a.

On average, teachers who were generalists (teaching all subjects), assigned higher
ratings to the “medium-importance” scenarios than did specialist teachers at the trend level
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(t [101] = 1.62, p = 0.109). No other differences were observed between scores assigned by
generalists and specialists and there were no differences in ratings between teachers who
reported that their specialty was science and those specialized in was science and math.
Together these findings indicate that teachers are able to distinguish educational problems
that rely on spatial thinking skills and there is little evidence that this differs across
teachers who specialize in math and science compared to those teachers who teach all
subjects.

Importance by School Grade. Table 3b shows teachers' ratings of the importance of spa-
tial thinking by grade. After accounting for multiple comparisons (Bonferonni correction:
α/10 = 0.005), teachers rated spatial thinking skills as significantly less important for stu-
dents in kindergarten through second grade than for students in grades 3–5
(Mdiff = �0.36, SDdiff = 0.70, t [102] = �5.22, p <0.001), 6–8 (Mdiff = �0.66, SDdiff = 1.01,
t [102] = �6.66, p <0.001), 9–12 (Mdiff = �0.85, SDdiff = 1.17, t [102] = �7.43, p <0.001),
and college (Mdiff = �0.76, SDdiff = 1.21, t [102] = �6.28, p <0.001). Similarly, these skills
were rated as significantly less important for students in grades 3–5 than those in grades
6–8 (Mdiff = �0.30, SDdiff = 0.54, t [102] = �5.66, p <0.001), 9–12 (Mdiff = �0.50,
SDdiff = 0.71, t [102] = �7.06, p <0.001), and college (Mdiff = �0.39, SDdiff = 0.82,

TABLE 3 Importance of spatial thinking

(a) Perceived importance of spatial thinking for solving problems by scenario type

Type of educational
scenario

Overall
(N = 103)

Role Specialty

Generalist
(N = 45)

Specialist
(N = 58)

Science only
(N = 30)

Science and
math (N = 25)

M SD M SD M SD M SD M SD

High importance, STEM 2.94 0.68 2.95 0.67 2.93 0.69 2.98 0.63 2.98 0.68

Medium importance,
STEM

1.72 1.13 1.92 1.16 1.56 1.09 1.47 1.00 1.66 1.25

Low importance, STEM 1.38 1.04 1.51 0.99 1.27 1.07 1.66 1.25 1.21 0.93

Non-STEM 1.66 1.08 1.84 1.05 1.53 1.08 1.53 0.99 1.56 1.25

(b) Perceived importance of spatial thinking by school grade

Grade level

Overall
(N = 103)

Role Specialty

Generalist
(N = 45)

Specialist
(N = 58)

Science
only (N = 30)

Science and
math (N = 25)

M SD M SD M SD M SD M SD

Kindergarten–2 2.54 1.17 2.51 1.16 2.57 1.19 2.83 1.15 2.28 1.21

3–5 2.90 0.86 2.84 0.88 2.95 0.85 2.93 0.91 3.04 0.74

6–8 3.20 0.75 3.16 0.80 3.24 0.71 3.17 0.79 3.40 0.58

9–12 3.40 0.71 3.33 0.77 3.45 0.65 3.33 0.76 3.64 0.49

College 3.30 0.81 3.20 0.89 3.39 0.73 3.40 0.77 3.42 0.72

Note: Average ratings for how important teachers felt spatial thinking was to solve various types of educational problems by

scenarios type (top) and grade in school (bottom).
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t [102] = �4.82, p <0.001). Spatial thinking skills were rated as significantly less important
for students in grades 6–8 than those in grades 9 to 12 (Mdiff = �0.19, SDdiff = 0.40, t

FIGURE 4 (a) Teachers' perceptions of the importance of spatial thinking skills for problem-solving.

Average ratings for how important teachers felt spatial thinking was to solve various types of educational

scenarios. Problems presented STEM and non-STEM content and were categorized as high, medium, and low

based on experts' ratings regarding which problems spatial thinking was extremely important (high), moderately

important (medium), and not import (low). *** indicates that the comparison under the bracket is statistically

significant at p <0.001. (b) Teachers' perceptions of the importance of spatial thinking skills across grades. All

grade comparisons are statistically significant at p <0.001 except for that under the bracket labeled T

GAGNIER ET AL. 17|



[102] = �4.96, p <0.001), and no such difference was observed in ratings for students in
grades 9 to 12 and those in college (p = 0.049). These patterns are shown in Figure 4b.

Comparisons across teacher characteristics revealed modest, positive associations between
years of experience teaching and beliefs in the importance of spatial skills for students in kin-
dergarten through second grade (r [89] = 0.27, p = 0.012) and 3rd–5th (r [89] = 0.25,
p = 0.020), as well as the remaining grade brackets at the trend level (r [89] = [0.18, 0.20],
p = [0.059, 0.089]). This indicates that teachers who have taught longer were more likely to rate
spatial thinking as important at all ages, and in particular, more important for the younger
grades. There was no association between importance ratings and teachers' role as a generalist
or specialist (p = [0.394, 0.854]) or subject taught (e.g., science only or math and science;
p = [0.251, 0.886]).

3.3 | How well do teachers feel they can cultivate students' spatial
skills during science instruction and how does this relate to general and
science teaching efficacy?

General and Science Teaching Efficacy: Ratings on our measure of general teaching self-
efficacy (TSES) and efficacy teaching science (STEBI Personal Science Teaching Efficacy
Belief scale), suggest a highly efficacious sample of teachers. Scores on the three sub-scales
of the TSES are shown in Table 4a. As can be seen in the table, scores were highly inter-
correlated (r (104) = [0.75, 0.83], p <0.001). Average scores were high, ranging from 7.28
to 7.76 on a scale from 3 to 9 (or 71.3–79.3% of the possible maximum score). The average
score on the STEBI was also high (M = 3.59 out of 4, SD = 0.66, or 64.8% of the possible
maximum), and this score was moderately correlated with the three subscales of the TSES
(r (104) = [0.36, 0.50], p <0.001).

Spatial Thinking in Science Efficacy: Table 4a displays the mean score and Table 4b dis-
plays the descriptives for the five dimensions of the Spatial Thinking in Science Self-Efficacy
scale. As can be seen in the table, all five dimensions exhibited high internal consistency (α)
ranging from 0.87 to 0.96. The mean score for all five teaching practice dimensions centered
around 2, indicating that, on average, teachers felt “moderately” capable of cultivating stu-
dents' spatial skills during science instruction. To understand how spatial thinking in science
self-efficacy compares to self-efficacy in general (TSES) and in teaching science (STEBI), we
compared overall mean scores when scores were expressed as a percentage of the maximum
score. The mean score for the Spatial Thinking in Science Self-Efficacy measure (M = 2.12 out
of 4, SD = 0.78) was significantly lower than that for STEBI (Mdiff = �11.75%, SDdiff = 22.99%,
t [102] = �5.19, p <0.001) and the TSES (Student Engagement scale, Mdiff = �18.46%,
SDdiff = 25.31%, t (102) = �7.40, p <0.0001; Instructional Strategies scale, Mdiff = �24.06%,
SDdiff = 23.89%, t (102) = �10.22, p <0.0001; Classroom Management scale, Mdiff = �26.38%,
SDdiff = 26.66%, t (102) = �10.04, p <0.0001).

Table 4a illustrates the correlations between Spatial Thinking in Science Self-Efficacy and
the TSES and the STEBI. As shown in the table, the overall Spatial Thinking in Science Self-
Efficacy score was modestly correlated with the student engagement (r [103] = 0.24,
p = 0.013) and instructional strategy (r [103] = 0.28, p = 0.004) subscales of the TSES, as well
as STEBI (r [103] = 0.20, p = 0.043). These findings suggest that these scales are related but
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that self-efficacy in cultivating spatial skills during science is distinct from these other mea-
sures of self-efficacy in teaching in general and in teaching science.

To illustrate the differences in teachers' self-efficacy with respect to science teaching (both
their science teaching self-efficacy and their self-efficacy in cultivating spatial thinking during
science instruction), Figure 5 displays the frequency of teachers' who scored at various percent-
ages of the maximum score for both the STEBI and the Spatial Thinking in Science Self-Efficacy
measure. As can be seen in the figure, the STEBI has a right-ward shifted distribution indicating
that more of our sample felt efficacious about their efficacy in teaching science. However, the
Spatial Thinking in Science Self-Efficacy scale has a normal distribution with scores fairly dis-
tributed from low to high on percent of maximum score. Together, these distributions illustrate

TABLE 4 Teachers' self-efficacy

(a) Descriptives for and intercorrelations among different measures of self-efficacy

1 2 3 4 5

1. TSES: Student engagement
(Tschannen-Moran & Woolfolk Hoy; scale = [3, 9])

— 0.75*** 0.83*** 0.36*** 0.24*

2. TSES: Instructional strategy
(Tschannen-Moran & Woolfolk Hoy; scale = [3, 9])

— — 0.78*** 0.50*** 0.28**

3. TSES: Classroom management
(Tschannen-Moran & Woolfolk Hoy; scale = [3, 9])

— — — 0.43*** 0.11

4. STEBI
(Riggs & Enochs; scale = [1, 5])

— — — — 0.20*

5. Spatial thinking in science self-efficacy: overall
(scale = [0, 4])

— — — — —

N 104 104 104 104 103

M 7.28 7.63 7.76 3.59 2.12

SD 1.29 1.21 1.21 0.66 0.78

MPmax 71.3% 77.2% 79.3% 64.8% 53.0%

(b) Spatial thinking in science efficacy

Dimension α N M SD Minimum Maximum

Observing students 0.88 102 2.21 0.85 0.25 4.00

Lesson planning 0.87 103 2.18 0.74 0.40 4.00

Differentiating instruction 0.95 103 2.04 0.89 0 4.00

Designing assessments 0.96 103 2.11 0.93 0 4.00

Reviewing science standards 0.92 103 2.08 0.85 0 4.00

Overall 0.97 103 2.12 0.78 0.17 4.00

Note: N for pairwise correlations = [103, 104]. STEBI reverse-scored to match valence of other measures (such that higher
scores indicate higher levels of self-efficacy). Mean percent maximum scores (MPmax) were calculated as a percentage of the
maximum possible score for each scale by subtracting the mean score from the minimum value of the scale (e.g., 3, for the

TSES) and then dividing the result by the number of increments above that minimum (6, in the case of the TSES).
*p <0.05.
**p <0.01.
***p <0.001.
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FIGURE 5 Distribution of scores on the STEBI (top) and spatial thinking in science self-efficacy scale

(bottom). Figure displays the percentage of teachers who scored at various increments of the maximum score on

each scale. For example, looking at the bottom figure, it can be seen that one teacher scored 5% of the maximum

score on the Spatial Thinking in Science Self-Efficacy scale
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that our sample of teachers felt significantly less efficacious in their spatial thinking in science
self-efficacy compared to their general science teaching self-efficacy.

Relations between teacher characteristics and all three measures of self-efficacy are
shown in Table 5. As can be seen, years of experience, regardless of subject taught, was
modestly correlated with general self-efficacy in instructional strategies (r [103] = 0.23,
p = 0.018), classroom management (r [103] = 0.20, p = 0.043), and their self-efficacy teach-
ing science (r [103] = 0.26, p = 0.009). Years of experience teaching, however, was not
related to teachers' spatial thinking in science self-efficacy (p = 0.139). In contrast, years of
experience teaching science was associated both with spatial thinking in science self-efficacy
(r [101] = 0.23, p = 0.021) and science teaching self-efficacy (r [101] = 0.45, p <0.001). As
noted above, 94% of specialist teachers taught science. Specialists reported significantly
higher levels of science teaching self-efficacy (t (102) = 2.98, p = 0.004), but no other differ-
ences in self-efficacy as a function of teachers' characteristics were observed, as shown in
Table 5.

4 | GENERAL DISCUSSION

This is the first exploration into elementary school teachers' feelings of anxiety and confidence
when solving spatial problems, confidence that their own spatial skills can improve, beliefs

TABLE 5 Self-efficacy by teacher characteristics

Measure

Correlation with
teaching experience

Role Specialty

Generalist
(N = 45)

Specialist
(N = 59)

Science
only (N = 31)

Science and
Math (N = 25)

Total
(N = 103)

Science
(N = 101) M SD M SD M SD M SD

General:
Student
engagement

0.14 0.10 7.19 1.51 7.35 1.10 7.38 1.02 7.29 1.22

General:
Instructional
strategies

0.23* 0.19 7.38 1.46 7.82 0.94 7.65 1.00 7.93 0.86

General:
Classroom
management

0.20* 0.15 7.59 1.51 7.89 0.91 7.90 0.89 7.79 0.95

Science
teaching self-
efficacy

0.26** 0.45*** 3.38 0.64 3.76 0.64 3.87 0.59 3.60 0.70

Spatial thinking
in science
self-efficacy

0.15 0.23* 2.19 0.72 2.07 0.83 1.98 0.81 2.12 0.86

*p <0.05.
**p <0.01.
***p <0.001.
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about the importance of spatial skills for student problem-solving and academic success, and
self-efficacy in cultivating students' spatial skills during science instruction. We developed novel
measures to assess these beliefs, perceptions, and feelings. Analyses suggest that all measures
performed well and exhibited high internal consistency. Our results indicate that elementary
school teachers feel low anxiety when solving spatial problems and strongly believe their spatial
skills can improve with practice. They are capable of distinguishing which kinds of educational
problems spatial skills are of high importance for solving compared to those for which spatial
thinking is of medium or low importance. Teachers believed that spatial skills are more impor-
tant for older students than younger ones, although teachers who have been in the profession
longer, tended to see the importance of these skills in the early grades. Despite being able to rec-
ognize where spatial thinking is critical and feeling efficacious about general and science teach-
ing, teachers reported significantly lower efficacy in cultivating students' spatial skills during
science instruction. A wealth of research has indicated that teachers' knowledge, beliefs, and
attitudes influence their classroom practices and professional activities, which in turn shape the
classroom environment and student learning and outcomes (see Fang, 1996; Kagan, 1992;
Nespor, 2006; OECD, 2009). Drawing upon these frameworks, our results have broader implica-
tions for our understanding of teacher beliefs (self-efficacy in particular), perceptions, and feel-
ings, and professional development research.

4.1 | Relation to broader literature on beliefs and perceptions

Anxiety and Confidence: There is evidence that elementary school teachers have lower spatial
skills compared to secondary teachers and the general, college-educated population (Atit
et al., 2018). Yet this finding does not inform our understanding of why these differences might
exist and what affective factors may contribute to these differences. This question involves
understanding teachers' spatial thinking beliefs and perceptions. Our findings, that elementary
school teachers express low anxiety when solving spatial problems, replicate those of Brute
et al. (2020), and Gunderson et al. (2013) using a measure that was not focused solely on naviga-
tion. Teachers reported low levels of anxiety following solving a spatial problem that has been
linked to performance in STEM (Uttal & Cohen, 2012).

While we did not intend this measure to serve as a measure of spatial skill (rather as a real-
istic way to induce true feelings regarding spatial problem-solving), we did examine the rela-
tionship between performance, anxiety, and confidence. Anxiety was inversely related to
solving the problem correctly and confidence in one's skill, replicating a well-established rela-
tionship between anxiety, confidence, and performance seen in other domains such as sports
and tests of academic or cognitive performance (see Compte & Postlewaite, 2004; Woodman &
Hardy, 2003 for reviews). Importantly, teachers' ratings suggest they feel strongly that their
skills in solving these types of spatial problems could improve with practice, indicating that ele-
mentary teachers perceive spatial thinking as a skill that can be developed through practice,
rather than an ability that is set in stone.

The trend in lower anxiety in teachers' who teach math and science compared to those who
teach all subjects, is ripe for future exploration as anxiety can impact confidence in teaching and
use of instructional strategies in the classroom (e.g., Bursal & Paznokas, 2006; Ramirez et al., 2018).
For example, Bursal and Paznokas (2006) reported that low math anxious preservice teachers were
more confident in teaching elementary mathematics and science than their high anxious peers.
More recently, Ramirez et al. (2018) found that anxiety about math was related to teachers using
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less process-oriented (practices that empathize effort, reasoning, and sense-making) teaching prac-
tices than teachers who are not math-anxious. In the spatial domain, Gunderson et al. (2013)
showed that teachers' spatial anxiety predicts their students end of the year spatial performance,
and thus it may be that teachers who are less confident and more anxious with spatial thinking are
less likely to provide opportunities to build students' spatial skills or less confident utilizing strate-
gies that build students' spatial skill such as sketching or gesture (Gagnier & Fisher, 2020).

Belief in the Importance of Spatial Thinking: To our knowledge, this is the first study to
examine elementary teachers' beliefs regarding how important spatial skills are for solving
STEM and non-STEM problems. Elementary school teachers' perceptions of the importance of
these skills tended to follow those made by spatial experts. This illustrates that following a very
brief introduction to spatial thinking (in the form of solving spatial problems), elementary
teachers can discern elements of problems for which spatial thinking is highly important, com-
pared to those which rely less on spatial skills (medium/low-importance scenarios). Curiously,
teachers tended to rate spatial thinking as more important for non-STEM problems than for the
“low importance” STEM problems. The rationale for this remains unclear. It is possible that
compared to the high-importance problems, the low-importance problems felt much less likely
to rely on spatial thinking. It is also possible that teachers saw spatial elements in the non-
STEM problems. Our future work aims to distinguish between these possibilities by conducting
interviews with teachers to elucidate their thought processes in identifying spatial elements of
academic problems.

Teachers tended to believe that spatial thinking is more important for older students (i.e., in
high school and college), yet there were differences based on years of experience. Teachers who
had been teaching longer were more likely to believe spatial thinking is important at all ages,
particularly the younger grades. Spatial thinking is important for all ages. For example, spatial
skill at age 3 is related to mathematical skill at age 3 (Verdine et al., 2014). Scholars have
suggested that spatial skills can act as a “gatekeeper,” allowing students to acquire domain-
specific knowledge (Hambrick et al., 2012). Thus, building spatial skills early may influence
whether students seek out additional STEM courses and learning opportunities throughout
their school careers.

Making teachers aware of this relationship has the potential to improve implementation
fidelity of educational programs aimed at building students' spatial thinking skills in the class-
room. Durlak and DuPre (2008) reported that the degree to which program implementers feel
the intervention is important will greatly influence the fidelity with which they implement the
program. Our findings illustrate that teachers can identify problems for which experts believe
spatial thinking skills are very important, which suggests teachers believe spatial thinking skills
are important. However, building their knowledge of the importance of spatial thinking at all
ages may support greater implementation fidelity of educational programs aimed at building
elementary students' spatial thinking skills.

Self-Efficacy as a Differentiated Construct: Our work adds to the growing literature
suggesting that teaching self-efficacy is a multidimensional construct (Gibson & Dembo, 1984;
Skaalvik & Skaalvik, 2007; Tschannen-Moran & Hoy, 2001). Historically research on teacher
efficacy beliefs has offered two distinct theoretical positions which have highlighted beliefs
regarding personal efficacy (e.g., what I can do) versus external factors that affect students
(e.g., the role the students' home environment plays in their success). Indeed, the first measure
of self-efficacy (see Armor et al., 1976) distinguished between personal self-efficacy (e.g., “If I
really try hard, I can get through to even the most difficult and unmotivated students) and
external factors (e.g., When it comes right down to it, a teacher really cannot do much because
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most of a student's motivation and performance depend on his or her home environment). Sub-
sequent research has shown these two types of questions measure different constructs
(Gibson & Dembo, 1984). Indeed, the Teachers' Sense of Efficacy Scale (Tschannen-Moran &
Hoy, 2001) is divided into three subdimensions: efficacy in instructional strategies, student
engagement, and classroom management. Yet some have argued that three dimensions are not
sufficient to capture the complexities of teaching. For example, in an analysis of 224 elementary
and middle school teachers, Skaalvik and Skaalvik (2007) provided support for 6 separate, but
correlated dimensions of teacher self-efficacy in instruction, adapting education to meet student
needs, motivating students, maintaining discipline and order, cooperating with colleagues, and
coping with challenges.

Our data add to the growing literature highlighting that teachers hold differentiated views
of their capacities in many aspects of teaching. The correlations between our three measures of
self-efficacy suggest related yet not overlapping self-perceptions. The Skaalvik and
Skaalvik (2007) six-dimension scale was derived from an analysis of central tasks in teachers'
daily work based on the Norwegian curriculum. Here, our Spatial Thinking in Science self-
efficacy measure was derived from the literature on job-embedded practice that identifies activi-
ties teachers engage in daily (Croft et al., 2010) combined with research linking spatial thinking
skills to success in STEM education and problem-solving (see Newcombe, 2010;
Newcombe, 2013 for review). The high reliability exhibited by this measure suggests that task
analyses that combine theories of job-embedded practice with literature on how students master
discipline-specific content (in our case spatial thinking as a conduit for mastering science con-
tent), is a useful method for understanding self-efficacy within specific academic domains.

Our sample was highly efficacious in general and science teaching self-efficacy, yet not on
spatial thinking in science self-efficacy. There are at least two potential explanations for this
finding. First, few teacher training programs address spatial thinking. Thus, teachers may not
have been aware of these skills prior to this study and thus rated themselves lower based on
lack of experience with these skills. Second, the Spatial Thinking in Science Self-efficacy mea-
sure offered teachers a more fine-grained level of self-reflection. For example, the STEBI asked,
“When a student has difficulty understanding a science concept, I am usually at a loss as to
how to help the student understand it better.” This is compared to the Spatial Thinking in Sci-
ence Self-Efficacy scale which probed “How well can you create class activities that promote a
student's spatial thinking skills?” This level of task-specificity might have made teachers feel
they were less capable. A limitation of this study is a lack of a scale with the same level of gran-
ularity that is unrelated to spatial skills.

Beliefs and Perceptions by Teacher Characteristics: By in large we found little differences in
teachers' beliefs and perceptions based on their characteristics such as years of experience
teaching or teaching role (generalist vs. specialist). This was true with the following exceptions.
First, there was a trend toward less spatial anxiety for specialists compared to generalists. Sec-
ond, we found that the more a teacher has taught science (not years of teaching in general), the
more capable they feel in cultivating spatial skills during instruction. Future work should
explore why. At least three possibilities emerge from a review of the literature. First, recent evi-
dence suggests that teachers who specialize in science tend to be more effective teachers in gen-
eral (Bastian & Fortner, 2020). Second, it is possible that science concepts inherently offer
teachers opportunities to utilize spatial activities more so than other domains such as math or
reading (Gagnier & Fisher, 2020; Kastens & Ishikawa, 2006; Uttal et al., 2013). A third possibil-
ity is that teachers who teach science, may have higher spatial thinking skill (Atit et al., 2018)
which may lead them to incorporate more spatial language, spatial activities, or other
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pedagogical strategies which incorporate the use of spatial strategies in the classroom and thus
teachers' feel more capable in cultivating students' spatial thinking skills during science instruc-
tion. These possibilities need to be investigated in future research. Understanding the relation
between self-efficacy in cultivating spatial skills and teachers' effectiveness, instructional prac-
tices teaching science, and use research-informed spatial strategies (e.g., sketching and gesture,
Gagnier & Fisher, 2020) will advance teacher training to maximize effectiveness.

These issues relate to a broad discussion regarding teacher specialization in elementary
school and the role of teacher knowledge in student achievement. This practice is becoming a
more common elementary practice, yet data regarding the effectiveness of specialization is lim-
ited. A recent large-scale survey (Bastian & Fortner, 2020) called into question the effectiveness
of specialists, showing that in the case of math and reading (but not science), specialists are less
effective than they were as generalists. The cause of this is not known. Perhaps when teachers
were moved to a specialist, they do not gain adequate domain-specific knowledge. Another pos-
sibility is that in the elementary domains, it is essential to have a holistic picture of a child's
skills and competencies and when a teacher specializes, they lose that. For example, a teacher
who only teaches science may not be aware that a student is struggling in reading or might not
be able to draw links between different academic content the student is learning. While our
work does not speak to effectiveness, we do contribute to the broader literature on specialists'
and generalists' beliefs, perceptions, and feelings. As specialists become more common in ele-
mentary education, we suggest it is important for researchers to explore their beliefs and
perceptions.

4.2 | Implications for professional development research

Drawing on decades of research on effective learning environments and professional development
(e.g., Supovitz & Turner, 2000) Desimone, Darling-Hammond, and colleagues (Darling-Hammond
et al., 2017; Desimone & Pak, 2017; Desimone, 2009; Garet et al., 2001) have identified seven fea-
tures of effective professional development. Motivated by this framework, our data suggest three
recommendations for in-service and preservice professional development. This is an emerging area
of inquiry and thus research is needed to examine the impact of all three recommendations collec-
tively on teachers' spatial and instructional capacities in the classroom.

First, professional development programs can help elementary school teachers understand
that spatial skills are critical for academic success at all ages and thus should be cultivated
throughout a child's academic career. Spatial thinking may be cultivated through informal
experiences such as play with spatial toys including puzzles and building sets (Jirout &
Newcombe, 2015). Teachers may also implement research-informed pedagogical activities such
as using spatial language, gesture, and sketching to illustrate spatial properties of scientific phe-
nomenon (e.g., the size and shape of tools used to measure the weather) and scientific visualiza-
tions (e.g., describing how to interpret the heights of bars in a bar graph or explaining how to
interpret diagrams which show cross-sections of the earth). Such practices have been shown in
laboratory-based research to improve student comprehension of diagrams and are now at the
point of being translated into curricular activities and evaluated for effectiveness in the class-
room (see Gagnier & Fisher, 2020 for details).

Second, our data indicate the need to develop and evaluate training programs for elemen-
tary teachers in how to cultivate students' spatial skills during science instruction. Frameworks
of teacher beliefs (Fang, 1996; Kagan, 1992; Nespor, 2006; OECD, 2009; Ross, 1998; Tschannen-
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Moran et al., 1998) suggest that bolstering teachers' sense of efficacy in cultivating students' spa-
tial skills during science instruction will support their implementation of spatial activities in
their classroom. Regardless of their own current spatial skill level, all teachers can utilize spatial
techniques during science instruction to highlight spatial features of scientific phenomenon
and encourage students' use of spatial problem-solving and strategies when thinking about sci-
entific content (Gagnier & Fisher, 2020). For example, consider a third-grade science lesson that
aims to build students' understanding of how weather tools are used to provide data on various
types of weather (e.g., a rain gauge provides data on the amount of precipitation in a region).
Teachers' may emphasize the spatial properties of how the rain gauge collects precipitation data
by using gestures and spatial language to describe the shape of the rain gauge (e.g., a hollow
tube), demonstrate how it collects rain using spatial language and gesture (e.g., rain falls from
the sky into the tube), and how the water level in the tube increases over time as it continues to
rain (see Gagnier & Fisher, 2020, Figure 3). Research is needed to understand the most effective
professional development approach and classroom practices to help teachers build and assess
students' spatial thinking skills during classroom instruction.

Third, professional development programs can develop elementary school teachers' spatial
skills and confidence in solving spatial problems. We find that teachers believe their skills can
improve with training and thus professional development programs can capitalize on these
beliefs. Gunderson et al. (2013) hypothesized that teachers who have higher spatial anxiety may
be less likely to utilize spatial activities in their classrooms. Developing teachers' spatial skills
and confidence with spatial problem-solving may facilitate their use of spatial supports in the
classroom, especially if paired with training on how to cultivate students' skills through instruc-
tion. Teacher confidence and skills are critical factors affecting behavior. For example, Durlak
and DuPre (2008) found that program implementers' confidence, knowledge, and skills are key
factors affecting their implementation of programs with high fidelity. Confidence regarding
both their own skill and that they can use techniques to accomplish teaching goals appears to
be a critical factor. For example, Wozney et al. (2006) found that teachers' confidence that they
could successfully use technology to accomplish their learning goals predicted their use of tech-
nology in the classroom. The authors interpreted these data to mean that professional develop-
ment should aim to increase teachers' confidence using technology to achieve student learning
objectives.

Drawing upon the previous work of Durlak and DuPre (2008), Wozney et al. (2006), and the
professional development frameworks of Desimone and Darling-Hammond, research should
examine if professional development programs that aim to build (1) teachers' spatial skills,
(2) confidence in spatial problem-solving, and (3) skills at implementing spatial strategies in
their classroom as a way to build students' scientific knowledge, lead to improvements
in teacher classroom practices and student outcomes. Future work is needed to develop and
evaluate such programs to further advance our understanding of the most effective mechanisms
to translate research on spatial thinking into teacher professional learning and classroom
practice.

5 | CONCLUSION

Drawing upon decades of research linking spatial thinking skills to entrance into and success
within STEM fields, recent efforts have focused on classroom-based interventions aimed at
building students' spatial thinking skills. Yet, teachers are the implementation drivers of these
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interventions and thus the intervention effectiveness will be dependent on teachers' spatial
thinking beliefs and perceptions. Our aim in this article was to elucidate elementary teachers'
beliefs, perceptions, and feelings about their own spatial thinking skills, their perceptions of the
importance of spatial thinking skills for students' problem-solving and academic success, and
their sense of efficacy in cultivating students' spatial thinking skills during science instruction.
Our findings indicate elementary school teachers believe these skills are important and mallea-
ble with practice and suggest some targeted professional learning opportunities for cultivating
teachers' capacity to develop students' skills through classroom-based instruction.
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ENDNOTES
1 Measured by a survey that probed anxiety during a variety of situations involving navigation (e.g., finding your
way around an unfamiliar mall).”

2 Here, their measure of spatial anxiety included anxiety during navigation situations (e.g., Gunderson
et al., 2013) and non-navigational tasks such as assembling Ikea furniture.

3 This project was conceived of as part of a larger project to create a spatially-enhanced 3rd grade science curric-
ulum in the district (see, Gagnier & Fisher, 2020). Thus, 3rd grade teachers were not recruited for this study to
avoid overlap with that project.
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