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Abstract

Students’ talent and potential cannot be served until they are recognized by schools or caregivers.
While the field of gifted education has had success in identifying talent among many students with
talents in reading and mathematics, those with spatial talents are often overlooked. This article
reviews how we might identify spatial talent using traditional tests as well as observations during
planned activities. Identifying spatial talent is an area in need of further research and assessment

development.



The importance of identifying spatial skills in talented students

Other articles in this special issue explore the research foundations for spatial skills as
part of a talent development program. This article explores the why and how of identifying or
recognizing the spatial talents of students through advanced education, gifted and talented
education, and similar services, and then provides some suggestions on what to do after
identification. While there is debate in the field about the term “gifted” and the value of formal
identification processes, and around which tests should be used (Gentry, 2022; Meyer & Plucker,
2022), we believe there is substantial value in a process that is objective and standardized
(simply meaning everyone takes the same test) that gives every student an opportunity to
demonstrate potential and have their talent developed (Subotnik et al., 2021). Well developed
standardized tests measure developed aptitudes that matter and operate in the real world no
matter what they are labeled, and removing the use of tests simply means that other, typically
more subjective identification processes with less robust evidence in support of their use, will fill
the gap. Of course, whether one chooses to identify, and with which tools, depends on the
purpose of the programming one is identifying for.

Identification is also a practical issue. The 2020-2021 State of the States in Gifted
Education (Rinn et al., 2022) reports that 41 out of 52 U.S. states and territories who responded
to the survey had a state definition of giftedness and reported that they were required to identify
students in alignment with that definition. While most states leave the exact identification
process to the districts, there are 10 with mandated processes and other states that constrain the
options available for identification. Thus, identification is largely a local issue, and flexibility in
meeting state policies comes down to district, school, and ultimately individual coordinator

priorities and interpretations of the policy. The changing of policy is quite challenging—and in



many cases there is the risk that by changing the policy at all this may remove support for gifted
education in legislation given how often the area is under attack. The Marland Report—which
many state policies drew from—did mention the importance of spatial reasoning talents (Wai et
al., 2022), but in many cases, perhaps due to the fact that almost all currently used tests focus
solely on math and verbal reasoning, spatial talents remain neglected (Lubinski, 2010). In this
article, we describe the evidence specifically for identifying spatial talents so that those talents
can be developed.
Why identify spatial talents?

The core purpose of identifying students with any kind of talent is to match that talent
with appropriate developmental educational or other programming (Assouline et al., 2015;
Lubinski & Benbow, 2000; Subotnik et al., 2021). A common misconception is that students with
academic gifts will perform well in all areas of academic performance. This is rarely the case.
Lohman et al. (2008) found that only one-third of the highest performing (stanine 9) students had
a flat profile with no significant strength or weakness across the three batteries of CogAT (verbal,
quantitative, or nonverbal). The vast majority had a relative weakness in one or more domains.

VanTassel-Baska et al. (2007) demonstrated the importance of considering domain scores
when identifying academic potential among students from low-income families. Students from
low-income families that participated in their study were much more likely to have one area of
cognitive strength rather than uniformly high ability across all of the domains of the tests they
studied. In a three-year follow-up, these students’ achievement scores were highest in the same
domain where they had high ability scores previously.

What this means is that students have wide individual differences in their skill profiles,

which are not just limited to math, verbal, and spatial reasoning (but for our purposes here we



focus on these important specific talents; Lubinski & Benbow, 2000). The broader structure of
abilities (Caroll, 1993) illustrates a wider set of established reasoning aptitudes that might also be
considered. And no matter what we label these talents or whether we identify them or not, they
will still operate in the real world.

Longitudinal studies of talent search data similarly demonstrate that areas of strength in
youth are associated with the domain of expertise as adults (Makel et al., 2016; Park et al., 2007).
Spatial aptitude is incredibly important for a wide range of occupations in a variety of STEM
fields and the visual arts (Uttal & Cohen, 2012; Wai et al., 2009), and even when it comes to
patents and other innovations (Kell et al., 2012).

Why use tests?

The purpose of using standardized tests to identify potential talent is simply because this
means everyone takes the same test (Koretz, 2009). This provides one reasonably objective
indicator to help appropriately assess a student’s strengths (and weaknesses) so that matching to
appropriate developmental curriculum in specific domains can reliably and validly take place.
The reason you’d use a thermometer to measure temperature rather than feeling someone’s
forehead is simply because the thermometer will give you more accurate readings. This is no
different when it comes to objective vs. subjective measures (Sackett et al., 2008). This does not
rule out using subjective indicators or various checklist procedures or nominations, as an
objective standardized test may most fruitfully be used in conjunction with a wide variety of
indicators to make a broader more holistically informed decision about programming placement
(and, ideally, repeated assessments as development unfolds to allow more pathways into gifted
services). Early identification—and continued identification—using tests can also help

underserved students be readily matched to challenging learning environments that can then



ratchet their achievement to be able to compete at the state and national levels on the way to
college or careers (Wai & Worrell, 2020).
Do existing tests measure spatial talent?

In the established structure of cognitive aptitudes or “three-stratum theory” (Carroll,
1993), there is general reasoning at the top stratum due to what is known as the “positive
manifold,” or the fact that all mental tests that require reasoning are positively correlated.
Beyond general reasoning, three of the core specific aptitudes are math, verbal, and spatial at the
broad stratum that compose Snow’s radex (Lubinski, 2004; Lubinski & Benbow, 2000). For the
purposes of this brief review, we note that based on this empirically well-established hierarchical
model of abilities, spatial reasoning is a core neglected and well measured construct apart from
math and verbal reasoning (Lohman, 1996).

Math and verbal reasoning is almost uniformly measured by nearly all educational
standardized tests. This is true for the NWEA MAP tests, the NAEP, PISA, or the SAT, ACT, and
GRE. The Dental Admissions Test, however, still has a spatial reasoning measure, most likely
due to the fact that 3D spatial reasoning is so fundamental to performance in this profession.
Snow (1999) made the insightful observation that the tests are often a reflection of the structure
or content of schools as they are currently composed. Schools value mathematical and verbal
symbol systems and reasoning within those systems—and much of school is set up for students
with these strengths. And it turns out that students with spatial reasoning strengths often face
greater challenges when it comes to behavioral issues and academic underachievement (Lakin &
Wai, 2020). In fact, we’re missing millions of students with spatial reasoning strengths when it
comes to academic assessment systems, including G/T identification systems (we calculate

roughly 2 to 3 million based on current U.S. K-12 numbers). And because spatial reasoning is



less correlated with socioeconomic status (SES) than math or verbal reasoning, this means that
by selecting on spatial talent G/T or other programs would pick up more youths from talented but
underserved backgrounds with families from lower income households (Wai & Worrell, 2015).

As with other areas of reasoning and achievement, spatial reasoning has a few distinct
factors that represent different kinds of skills within the spatial category. And there are numerous
tests that were designed to measure each, primarily for research purposes (Eliot & Smith, 1983).
Based on our review of the literature, there are two types of spatial reasoning that are important
for understanding individual differences and that have been shown to correlate to academic
performance in mathematics, science, or other STEM fields: spatial visualization and mental
rotation.

Spatial visualization involves the ability to encode detailed visual information and reason
using those visual representations. A good example of this kind of reasoning is the Object
Assembly task (Ivie & Embretson, 2010), which asks examinees to look at a set of shapes and
determine which of the response options can be created from those shapes (similar to providing
Tangram pieces and asking the examinee what shape can be made from those pieces). See Figure
1. This task involves noticing fine distinctions in the size or angle of the shapes in order to rule
out other response options. Another interesting test of visualization skills is embedded figures,
which asks examinees to identify the presence of a target shape within a larger, more complex
figure (Figure 2). Gilligan et al. (2019) used this test format for a study with students ages 6 to
10.

Figure 1

Example of an Object Assembly Item



Note. Example directions, “Look at the puzzle pieces. Which of the completed puzzles below

could you create using just these pieces?” Correct answer is A.

Figure 2

Example of an Embedded Figures Item
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Note. Example directions, “Looking at the shape below, which of these designs above include
that exact shape?”” Correct answer is A.
Mental rotation involves the ability to imagine rotating 2- and 3-dimensional objects in

space. By far the most used assessment of this skill is the Purdue Spatial Visualization Test-



Rotations (Yoon, 2011), in which examinees determine how one abstract figure has been rotated
and then imagine how another abstract figure could be rotated in the same way. A simplified
example of this kind of question is shown in Figure 3. For younger children, 2D objects may
provide enough challenge, such as the 2D rotation task (Figure 4) where examinees are asked if

two objects are the same or different apart from their 2D rotation (based on Gilligan et al., 2019).



Figure 3
Example of a Mental Rotation Question with 3D Rotation
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Note. Example directions, “The top row shows the same object that has been rotated from a to b.

Now look at object c. How can we rotate that shape in the same way?” Correct answer is option

*
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Figure 4

Example of a 2D Rotation Item
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Note. Example directions, “Look at the three bears. All three are turned, but which one is sitting

C

differently than the others?” Correct answer is option B.



Current tests used in gifted education identification, such as nonverbal reasoning tests,
are sometimes thought of as measuring spatial reasoning, but in fact, they do not do that well, if
at all in most cases (Lohman, 2005). This is because spatial reasoning is related most closely to
three-dimensional mental rotation, of which nonverbal tests do not capture. Nonverbal tests,
particularly those based on matrices may provide some measure of visualization skills, but also a
large degree of general reasoning skills (Lohman, 1999). This is a commonly held misconception
about nonverbal reasoning tests, perhaps, in part, due to the unfamiliarity of the well-established
findings on spatial reasoning going back for many years (Smith, 1964).

How might parents, teachers, or schools identify spatial talent?

Spatial reasoning skills exist on a continuum (and a normal distribution) just like math
and verbal reasoning. This means that spatial talent will vary widely among students. Unlike
other areas of reasoning, spatial reasoning has been shown to grow with more experience (Uttal
et al., 2013). Here we briefly discuss ways that various stakeholders might consider better
identifying spatial talent in their local contexts.

Norm referenced tests. One of the only norm-referenced tests of spatial talent for K-12
schools is the Spatial Test Battery developed by Johns Hopkins’ Center for Talented Youth
(Stumpf et al., 2013), which is only available through their testing services and is designed for
middle and junior high students. Vocational assessments for adults also include spatial tests, such
as the Assembling Objects format on the Armed Services Vocational Aptitude Battery (ASVAB;
Defense Manpower Data Center, 2006).

Other tests without norms. Other tests are freely available, but do not provide normative
information or interpretation of scores. For an informal process, these may be sufficient. Some

available tools include the Spatial Reasoning Instrument, which was made freely available and is



designed for students ages 11-13 (Ramful et al., 2017). The full instrument and scoring key is
available at

https://serc.edu.au/spatial-reasoning-instrument/ . The scoring key distinguishes items measuring
spatial visualization, rotation, and perspective skills.

Another freely available test that is widely used, but provides just one highly challenging
format, is the Purdue Spatial Visualization Test (Yoon, 2011). It is better for assessing spatial
skills among high school students. For teachers willing to dig into the academic literature,
Okamoto et al. (2015) provide a nice overview of tests used by researchers with young children
and the full tests may be available elsewhere.

Rating scales/observation tools. The Teachers’ Observations of Potential in Students
(TOPS), which is part of the larger U-PLUS~STARS program (Coleman, 2016), offers one of the
only published tools to include spatial abilities. The TOPS is designed to capture teacher
observations during high-level learning activities for elementary students (Stambaugh &
Chandler, 2021). The indicators of spatial talent could be utilized on their own by teachers or
possibly shared as “look fors” in the classroom. The TOPS includes these indicators:

- Has a good sense of direction.

- Figures out why and how things work.

- Takes objects apart and reassembles with speed and accuracy.

- Creates interesting shapes and patterns.

- Creates three-dimensional structures.
Some cautions on this tool include a lack of evidence for the specific types of skills associated
with spatial ability. The tool includes several indicators based on the association of spatial skills

with a “kinesthetic” learning style or type of intelligence. Both of these theories lack empirical



support but continue to permeate educational practice (Brown, 2023; Pashler et al., 2008;
Rousseau, 2021).

Teacher or parent observations. Students’ spatial talents could also be observed when
engaging in various types of problem solving. The curriculum guide by Hollett and Cassalia
(2022) offers many cross-curricular examples of spatial thinking for grades 3-5, especially the
activities related to visualizing, perspectives, dimensions, and math-related structure concepts.
Hawes et al. (2015) provide examples for younger children including construction play, puzzles,
drawing tasks, and paper folding. Any of these kinds of activities could be used alongside an
observation tool like TOPS to document observations of students’ relative skills in spatial
thinking.

What should we do after identifying spatially talented students?

As we mentioned earlier, the purpose of identifying talent is to help match that talent with
appropriate educational or other programming. So, think about existing programs (e.g., robotics,
engineering, visual data science; see Coxon, 2013 for a variety of options for spatial
programming) that are already provided in local schools or in extracurricular activities. The
strongest evidence to date regarding the impact of interventions or training relates to spatial
training interventions on improving spatial reasoning itself (e.g., Lowrie et al., 2018; Sorby,
2009; Sorby et al., 2018). The research on the causal impact of spatial training programs on later
outcomes remains yet undone, but this is true of all gifted education programming (Wai &
Benbow, 2021). While this research is important and needs to be done, in the meantime we take
the general view from the gifted education research community that challenging educational
programs are useful and important for talent development (e.g., Assouline et al., 2015; Subotnik

etal., 2011). Just as students who are in grade 3 but reading at the 8" grade level might be



provided books at the 8" grade level, so should programming also be accelerated and matched to
the spatial learning rates of spatially gifted students. Some spatial curricula and interventions that
might be useful are X, Y, and Z (e.g., Robinson et al., 2018).

Differentiation on ability profiles or cognitive strengths is not the same as the
recommendations that might be associated with learning styles (Lohman, 2005). Instead of
aligning instruction to students’ cognitive strengths, teachers should find ways to use those
strengths to build up all areas of students’ academic development (Callahan et al., 2022;
VanTassel-Baska et al., 2007).

Students may also benefit from instruction that emphasizes communication in their
weaker areas. Many people think that students who have spatial strengths should be taught using
more figures and pictures. However, we know that these students are actually better at imagining
shapes and relationships, so they benefit less from figures. The visuals will actually be more
useful to students with verbal strengths because they are less facile with visualizing! For students
with spatial strengths, consider strategies that scaffold their learning from language, such as a
graphic organizer that helps students follow a lecture or breakdown a textbook chapter. These
students may generate their own visual heuristics in math computation. This should be
encouraged but also connected to traditional math concepts and representations.

Allow these students to exhibit and stretch their talents. They may show remarkable
talent for 3D design and printing, so teachers can use their products as examples for others or
they may need more challenging activities than other students. They may also create innovative
visuals or representations of their learning, such as creating a detailed timeline of events based
on a social studies unit. These products can inspire other students and spark creative

collaborations among students with different strengths.



Conclusion
At this time, the options for assessing spatial talents are limited, but not impracticable.
Using low-stakes tests and observations, teachers can begin to identify and serve spatial talents
in the classroom right away. As awareness of spatial reasoning grows, we hope that norm-
referenced, high-quality assessments will become available to incorporate into formal gifted
identification processes, as required by many districts and states. We hope that gifted
coordinators will consider including spatial reasoning into their identification processes to help

identify a large pool of underserved talent, many from impoverished backgrounds.
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