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A Systematic Review of Spatial Visualization Research
Using The Purdue Spatial Visualization Tests: Visualization of Views

Abstract

Spatial ability is essential across science, technology, engineering, mathematics, and medicine
(STEMM) disciplines. The Purdue Spatial Visualization Tests: Visualization of Views (PSVT:V)
is designed to distinctly measure an individual’s ability to mentally visualize three-dimensional
objects from multiple perspectives. Since its creation, the test has been frequently employed in
engineering and educational contexts. However, little research has clarified how it compares to
other spatial measurements or how differing interventions influence its outcomes. A structured
review was conducted of 59 empirical studies published between 1976 and 2025 that employed
the PSVT:V to measure the specific spatial visualization skill. The findings revealed strong
convergence between PSVT:V scores and other spatial assessments, such as the Perspective
Taking Ability Test, even though each targets specific subskills and cognitive processes.
Instructional approaches that incorporated integrated curriculum-based training, digital
visualization tools, physical modeling activities, or hybrid methods consistently improved the
PSVT:V scores. However, the retention and long-term sustainability of these gains were rarely
evaluated. Few studies included longitudinal follow-ups, leaving gaps in understanding the
durability of spatial skill development beyond immediate post-instructional testing.

1. Introduction

“It is generally agreed that spatial ability is an important component of intellectual ability, yet its
nature remains to be clarified” [1]. Nearly four decades later, this observation remains a
strikingly familiar theme in the fields of science, technology, engineering, mathematics, and
medicine (STEMM) and research. More broadly, spatial ability relates to an individual’s ability
to interact with and interpret their environment [2]. More closely, spatial ability encompasses a
range of distinct but interrelated domains and sub-skills that comprise a significant component of
our intellect, with many of these abilities being crucially involved in essential skills required for
STEMM-related learning and performance.

Indeed, spatial ability is rather an umbrella term than a singular construct and can thus be further
categorized into several unique but related processes, including spatial perception, mental
rotation, and spatial visualization. All are particularly relevant, with prior spatial ability research
typically focusing on and magnifying one sub-domain. Although these domains are all integral,
spatial visualization, which was defined by McGee [3] as involving “the ability to mentally
rotate, manipulate, and twist two- and three-dimensional stimulus objects” (p.188), can be
emphasized explicitly for its involvement in skills, such as diagram interpretation, solving
complex spatial problems, and designing structures in the engineering field. Uttal et al. [4] also
stated that spatial visualization is the specific ability to imagine and mentally transform spatial
information, as it involves the ability to mentally manipulate and transform spatial
representations, which is also critical for tasks, such as interpreting orthographic projections and
technical diagrams [5]. For example, when assembling a new furniture piece, one must mentally
integrate two-dimensional (2D) directions and images into three-dimensional (3D) mental
models. These connections help the builder to visualize and understand how parts fit together or



predict the final image from a new angle.

Research on these unique cognitive processes has led to the development of several separate
psychometric tools, each targeting specific domains of spatial ability to not only support
educational interventions but also to identify interconnections with other spatial skills. Among
these, the Purdue Spatial Visualization Tests: Visualization of Views (PSVT:V) [6] emerged as a
specifically designed assessment to measure a spatial visualization skill from different
perspectives. Despite the amount of time passed since its creation and frequent use, there has
been little systematic analysis of how the PSVT:V is used across studies, how it compares to
other psychometric spatial assessments, and the kinds of demographic factors that shape not only
PSVT:V scores but total success outcomes in academics and beyond. This systematic review
aims to address the identified gaps in information and connections between spatial visualization
and the PSVT:V.

1.1 Purpose of the Study

The purpose of this systematic review is to synthesize and evaluate the body of research that has
specifically employed the PSVT:V. By systematically examining studies across educational,
psychological, and engineering contexts, this work aims to clarify how the PSVT:V has been
used to measure spatial visualization ability as well as the instructional approaches associated
with its use. Instructional approaches refer to structured pedagogical methods implemented
within educational or professional learning contexts to influence spatial visualization outcomes.
This review also aims to identify patterns and or gaps in reporting, as well as provide direction
for future research. Two overarching research questions guided this review:
1. What patterns of convergence or divergence are observed between the PSVT:V and other
measures of spatial skills?
2. Which types of instructional approaches produce the most substantial improvements in
PSVT:V scores?

2. Theoretical Framework

Throughout the literature, many researchers have originated concepts, such as “spatial
visualization,” “visuospatial ability,” and “visualization” with varying levels of precision, even if
there are also implied nuance differences. Although researchers often note that these terms can
be used interchangeably [2], spatial visualization is most frequently treated as a distinct and
measurable subskill within broader models of spatial ability, warranting the need for exploration
in both research and instructional contexts.

There are also, however, further distinctions in the categorization of spatial visualization and its
sub-domains within broader models of spatial ability across the literature. McGee [3] originally
proposed a two-component model of spatial ability that included a distinction between spatial
visualization and spatial orientation. This two-factor model is also noted in Uygan and Kurtulus
[7], for example, where researchers emphasized that spatial orientation involves imagining one's
own bodily movement in space, while spatial visualization requires complex, multistep mental
operations. This particular distinction reinforces the notion that spatial visualization operates as a
standalone cognitive skill, central to many other spatial reasoning domains [2]. While some other



models, such as Linn and Petersen’s [1] three-factor framework, differentiate between spatial
visualization, mental rotation, and spatial perception. Even with differing classification systems,
with some either viewing spatial visualization as one component among many or others as a
coequal cognitive dimension, it can be noted that spatial visualization appears as a unique core
skill with a need for complex transformations, making it deviate from the more perspective or
rapid based processes based in mental rotation or orientation [3], [7], [8]. This difference must be
acknowledged as imperative for researchers involved in refining measurements and findings,
even as the conversation continues about the exact organization of spatial ability and its related
domains.

At its core, spatial visualization can be further defined as an individual's ability to mentally
visualize and interpret how a 3D object appears from various vantage points, such as the front,
side, top, or other oblique angles. For example, this includes imagining what the back or side of
an object would look like based on its front view. Spatial visualization encompasses other skills,
such as reconfiguring, folding, unfolding, or visualizing the structural changes of an object
without physical manipulation [2], [3], [9]. Many scholars agree that spatial visualization is a
distinct domain of spatial ability, requiring skills such as mental manipulation, imagery, and
transformational thought [2], [3], [10].

Table 1 summarizes some of the core spatial abilities commonly assessed in the literature,
including spatial visualization, mental rotation, and perspective taking. The original Purdue
Spatial Visualization Test (PSVT) was originally developed in 1976 as a three-part battery
consisting of three sub-assessments, including the Visualization of Views (PSVT:V),
Visualization of Rotations (PSVT:R), and Visualization of Developments (PSVT:D), which were
collectively designed to assess multiple dimensions of spatial visualization. Because the larger
PSVT battery spans across these several spatial constructs, clarifying how the PSVT:V relates to
these broader dimensions is thus particularly important for interpreting its role relative to other
spatial assessments. Definitions were synthesized from foundational theoretical and review
literature to provide a stable conceptual framework. Although spatial abilities are often discussed
as a unified construct, prior work consistently emphasizes distinctions between object-based and
viewpoint-based transformations, which are central to interpreting PSVT:V outcomes in this
review.

Table 1. Definitions of Spatial Skills Relevant to the Present Review

Spatial Synthesized Definition Type of Measures Key

Skill Cognitive Theoretica
Transformation 1 Sources

Perspective | The ability to mentally imagine how a fixed object or spatial | Viewpoint PSVT:V, |[11],[12],

-Taking / |environment would appear when the observer changes transformation |PTAT [13]

Viewpoint- | position or viewpoint, without manipulation of the object (observer

Based itself. This ability relies on egocentric transformations, movement)

where the observer’s frame of reference is updated while the
object remains stationary. Spatial visualization is central to
the interpretation of important STEMM concepts, such as
technical drawings or multiple-view representations.

Mental The ability to mentally rotate objects in 3D space while Object-based |CCT, [14],[15],
Rotation maintaining a fixed observer viewpoint. Tasks evaluating rotation MRT, [16],[17]
mental rotation require individuals to imagine objects being PSVT:R

turned on one or more axes and to then determine




equivalence across orientations. This ability emphasizes
object manipulation rather than changes in perspective.

Spatial The ability to understand, maintain, and reason about the Orientation SOT [18],[19]
Orientation | orientation of objects or scenes relative to a stable reference |relative to the
frame, such as identifying which edge or direction reference frame

corresponds to a given viewpoint. This skill supports
navigation, alignment, and interpretation of spatial layouts
without needing full mental rotation or perspective shifts.
Spatial The ability to mentally transform 2D representations into 3D | Object-based |DAT:R, [[1], [3],

Relations: | forms by visualizing how surfaces fold, bend, or connect transformation |PFT, [20]
Mental along shared edges. Mental folding requires reasoning about | (surface PSVT:D
folding the spatial relationships between faces of an object and folding and

predicting the resulting three-dimensional structure without |face adjacency)
physical manipulation. This skill emphasizes object-based
spatial relations rather than changes in observer perspective.

Spatial The ability to mentally visualize changes to the internal Internal object | MCT; [3], [5],
Relations: |structure of an object, such as imagining the shape of a transformation |SBST [21]
Mental cross-section produced by a cutting plane. This ability

Cutting requires coordinated object-based transformations and

internal visualization rather than observer movement and is
particularly relevant for the interpretation of engineering-
based schematics.

Note. CCT = Cube Comparison Test; DAT:R = Differential Aptitude Test: Relations; MCT = Mental Cutting Test;
MRT = Mental Rotation Test; PFT = Paper Folding test; PSVT = Purdue Spatial Visualization Tests; PSVT:D =
PSVT: Visualization of Developments; PSVT:R = PSVT: Visualization of Rotations; PSVT:V =PSVT:
Visualization of Views; PTAT = Perspective-Taking Ability Test; SBST = Santa Barbara Solids Test; SOT = Spatial
Orientation Test

3. Method

This review was guided by established foundational practices and methods for systematic
literature reviews with the intention of upholding replicability, transparency, and precision. This
detailed process involved a comprehensive search across several academic databases to identify
the full range of studies that employed the PSVT:V. Based on this extensive initial search,
inclusion and exclusion criteria were clearly defined and applied to filter studies at both the
title/abstract and full-text levels. After establishing the inclusion criteria, we created a structured
coding system that organized data from eligible studies and allowed for the consistent coding of
study characteristics, interventions, demographic factors, and findings. Due to the range in
variation of interventions, study designs, and, importantly, reporting practices, a descriptive
synthesis was used instead of a meta-analysis, with our investigation structured around the two
guiding research questions.

3.1 Inclusion and Exclusion Criteria

To focus on spatial visualization research related to the involvement of the PSVT:V, an explicit
set of inclusion and exclusion criteria was established prior to screening. Inclusion criteria
required that studies:
e Are written in English to confirm a consistent interpretation of the study design and
results
e Are published between 1976 in accordance with the development of the PSVT:V [6] and
2025.



e Deliberately administered the total or partial portions of the PSVT:V, either as a stand-
alone instrument, as part of the larger Purdue Spatial Visualization Test (PSVT) battery,
or as a part of a broader battery of existing spatial assessments.

e Reported empirical data involving participants in professional or educational training
contexts, including K-12 students, undergraduates, graduate students, or adults engaged
in spatially demanding disciplines.

Exclusion criteria applied to studies that:

e Did not use any form or part of the PSVT:V for data collection.

¢ Did not present any empirical findings; instead, they reported only theoretical
commentary or literature reviews.

¢ Did not provide sufficient data to analyze PSVT:V performance correctly.

e Are inaccessible in full-text form

3.2 Search Strategy

Using Google Scholar, this initial step for search was intentionally broad, as it allowed for the
detection of recurring authors, common terminology and themes, and frequently cited studies or
evidence related to the PSVT:V. The opening search presented several vital insights. First,
terminology throughout the literature varied, with some studies choosing to refer to the
visualization assessment as the “views test”, “perspective-taking,” or simply just the “PSVT.”
Second, the PSVT:V was also often referenced interchangeably with the greater PSVT battery.
These observations thus informed the refinement of search strings. Building on this exploratory
phase, the finalized searches were conducted across several academic research databases and
conference archives to ensure comprehensive coverage of both peer-reviewed and gray literature.
Specifically, nine databases, repositories, and search engines were utilized:

1. ERIC (EBSCOhost)

2. PsycINFO

3. ProQuest Research Library

4. Scopus (Elsevier)

5. Wiley Online Library

6. ASEE PEER

7. IEEE Xplore Conference Paper Archives
8. ACM Digital Library

9. Google Scholar

In total, 521 records were identified at this stage. After removing 48 duplicates, 473 unique
records were identified as included in studies. Search strings were also employed by combining
research question-related and assessment-specific terms to both broader construct and contextual
terms. Boolean operators (e.g., AND, OR, NOT) and abbreviated or outlier terms were also
tailored to the specific notation required by each database. However, across the databases, these
searches were collectively designed to capture studies that directly referenced the PSVT:V or
used closely aligned terminology. Some search strings used included:

“Purdue Spatial Visualization Test” AND "views”

“PSVT” AND “views”

“Spatial visualization” AND “PSVT”

“Purdue Spatial Visualization Test” AND “spatial visualization” AND “views”



e “PSVT:V" OR “visualization of views”

To extend database retrieval, some citation chaining was performed to locate additional related
studies, both by identifying newer works that cited included studies (i.e., forward snowballing)
and by reviewing the reference lists of foundational papers (i.e., backward snowballing). All
collected and included records were then exported into a framework in a Microsoft Excel
spreadsheet to manage the detailed review process. This spreadsheet was used to log key
information, including inclusion/exclusion decisions, bibliographic details, and search
documentation adaptations.

3.3 Study Selection Process

Figure 1. PRISMA Flow Diagram of Study Identification and Selection
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As delineated in Figure 1, study selection was conducted following a staged procedure, PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses), with multiple phases to
assess and revise cases, thereby ensuring that only studies meeting the predefined criteria were
included. At the initial search stage, records were first identified across multiple databases and
archival sources by using predefined search terms and inclusion criteria focused on the
visualization of views and spatial ability. This expansive search yielded 521 records. Following
this, there was a database-level filtering and removal of duplicate records, thus creating a pool of
unique articles retained for the subsequent screening. 440 records were excluded for having
failed to meet the necessary inclusion criteria, including lack of relevance to spatial visualization
or absence of some kind of visualization-of-views assessment. An additional 48 records were
also removed as duplicates being published across multiple databases. After this screening stage,
33 articles identified through database searching were retained for full-text consideration. An
additional 58 articles were identified through Google Search and archived articles maintained by



one of the authors, bringing the pool to 91 articles. After further screening, a final set of 59
unique articles using the PSVT:V, was retained for the dataset used in this review.

3.4 Data Extraction and Coding

All included articles were coded into a Microsoft Excel spreadsheet, which served as the primary
data management tool for this study. Each row in the spreadsheet corresponds to a unique study,
with multiple categories organized to facilitate systematic comparison of necessary information
regarding each case. The coding framework included categories for information such as:

e Study identifiers: article title, author(s), publication type (conference, journal,
dissertation, etc.), publication year, data collection year, and country.

e Participant characteristics: total sample size (N), student level (K-12, undergraduate,
graduate, professional, etc.), whether participants were engineering students or from other
majors/disciplines, and gender distribution.

e Intervention and design features: Presence of spatial training, type of training (physical,
digital, hybrid, etc.), whether spatial training was implemented into an academic
curriculum, study design type, duration of intervention, and the presence of experimental
or control groups.

e Assessment tools: Identification of common spatial assessments, any custom-developed
assessments, duration of the assessment-taking sessions, and other outcome measures
(e.g., academic performance or strategy-use).

e Qualitative results: When available, pre- and post-test means and standard deviations for
the PSVT (total) or for the PSVT:V, further separated by gender (male and female pre-
/post- means and standard deviations).

e (Qualitative and contextual notes: Role of the PSVT:V specific to the study (diagnostic,
comparative, evaluative), initial research questions or hypothesis, study findings,
references, and additional reviewer comments.

Coding was conducted manually by the first author, an undergraduate research assistant majoring
in psychology and neuroscience, and then reviewed again by another undergraduate research
assistant majoring in mechanical engineering to ensure accuracy and consistency across cases.
The coding framework was developed in consultation with the senior author, whose expertise
lies in psychometrics, spatial assessment, and systematic review, including meta-analysis. To
also support efficiency in the early stages of organization, an Al-assisted tool was used to
generate preliminary summaries and to refine the coding framework. However, and importantly,
all final entries were individually verified and adjusted against the original articles to maintain
accuracy and reliability.

Extracted and coded data from the studies were further organized by recurring research question
themes. Cross-coding was employed to prevent data loss and enable the uniquely connected
findings to contribute significantly to both research questions. This formatted data entry enabled
both general quantitative compilation (e.g., the number of studies that completed each test, the
proportion of studies reporting gender distributions, etc.) and qualitative synthesis (e.g.,
differences in strategies or narrative descriptions of intervention effectiveness).

The analysis focused on comparing findings narratively, building patterns, and observing points



of similarity and difference. This approach enabled comparisons to be made across the created
research themes, as well as for findings to be integrated both numerically and through narrative
insights. The analysis proceeds in two parts:

(1) Studies were sorted according to the administration of the PSVT:V alone, with the larger
PSVT-specific battery, or alongside other spatial assessments, such as the Mental
Rotation Test (MRT), Mental Cutting Test (MCT), Cube Comparison Test (CCT), or
Perspective-Taking Ability Test (PTAT). Distinctions focused on identifying whether the
presented connections between the PSVT:V and other spatial tests overlap or exhibit
clear distinctions in correlations.

(2) Studies were organized based on the types of interventions employed (physical tools,
digital/virtual, curriculum-integrated, or hybrid). When recorded and reported, pre- and
post-scores on the PSVT: V or other spatial assessments were compiled to showcase
performance gains. Descriptions were also created to compare other important study
design characteristics, such as feedback, duration, or curriculum integration.

4. Results
4.1 Convergence and Divergence of the PSVT:V with Other Spatial Tests

The PSVT:V can be found in the literature as a stand-alone 30-item test, a 12-item section within
the larger PSVT battery, or in other forms of a developed study tool [6], [22]. Regardless of
format, studies that examined the PSVT:V alongside other spatial ability assessments were
included in this review to provide the convergence and divergence between the PSVT:V and
other spatial assessments. As shown in Table 2, the most commonly co-administered and
compared assessments were the MRT [16], the PSVT:R, the PSVT:D, the PTAT [18], the MCT
[23], and the CCT [24]. Other tests, such as the Transformation 3D to 2D Test (T3D2DT; [25]),
were also frequently included in the literature but were typically not analyzed in relation to the
PSVT:V. These tools each emphasize the distinct theoretical domains within spatial cognition
and offer insight into the convergent and divergent validity of the PSVT:V.

Table 2. Divergent and Convergent Validity Evidence of the PSVT:V with Other Spatial Tests

Spatial Test | Correlation (r) Sample Study
CCT 0.288 (p > 0.05) |7 adult aerospace engineering professionals [13]
0.30 (p <0.001) |128 allied medical students [2]
No significant 23 MIT students and 3 professionals engaged in space teleoperation tasks |[13]
correlation
DAT:AR |0.30 (p <0.01) 118 dental students [14]
0.38 (»p<0.01) | 206 dental and psychology students [14]
HFT -.049 (p = 0.583) | 128 allied medical students [2]
MCT 0.023 12 secondary students with math learning difficulty [26]
MPFB 0.28 (p <0.01) | 101 undergraduate students enrolled in a required first-year psychology [20]
course
MRT 0.42 (p <0.05) | 128 allied medical students [2]
0.32 (p>0.05) |30 undergraduate psychology students [27]
0.45 (p<0.01) | 118 dental students [14]
0.53 (p<0.01) |206 dental and psychology students [14]
0.52 (»p <0.001) |101 undergraduate students enrolled in a required first-year psychology [20]
course
0.529 (p <0.05) |21 adults with STEM backgrounds, excluding 6 [28]




0.45 (p <0.05) |40 astronauts [28]
0.612 (»p = 0.004) |20 adults [29]
NOCST 0.40 (p <0.01) | 118 dental students [14]
PAT 0.42 (p <0.01) | 118 dental students [14]
0.37 (p <0.01) |206 dental and psychology students [14]
PSVT:D 0.222 (p <0.012) | 128 allied medical students [2]
0.328 (p <0.001)
0.370 93 tenth-grade students in geometry class [30]
0.297 64 tenth-grade students in geometry class [30]
0.326 (p = 0.008) | 68 students enrolled in a first-year engineering design foundation course  |[9]
0.45 (p <0.001) |101 undergraduate students enrolled in a required first-year psychology [20]
course
PSVT:R 0.390 (p <0.001) | 128 allied medical students [2]
0.458 93 tenth-grade students in geometry class [30]
0.534 64 tenth-grade students in geometry class [30]
0.451 (p <0.001) | 68 students enrolled in a first-year engineering design foundation course  |[9]
0.56 (p <0.001) |101 undergraduate students enrolled in a required first-year psychology [20]
course
0.054 12 secondary students with math learning difficulty [26]
PTAT 0.569 (p <0.05) |21 adults with STEM backgrounds, excluding 6 [28]
0.635 (p <0.05) |40 astronauts [28]
0.577 (p <0.05) |23 MIT students and 3 professionals engaged in space teleoperation tasks |[13]
0.771 (p <0.05) |7 adult acrospace engineering professionals. [13]
0.020 (p > 0.05) |23 adults [29]
0.760 (p <0.001) | 20 adults [29]
RAPMT 0.22 124 veterinary medical students in an anatomy lab [31]
T3D2DT |0.203 12 secondary students with math learning difficulty [26]
TCST 0.29 (p <0.01) |206 dental and psychology students [14]

Note. CCT = Cube Comparison Test [24]; DAT:AR/SR = Differential Aptitudes Tests: Abstract Reasoning
Test/Spatial Relation [32]; HFT = Hidden Figure Test [24]; MCT = Mental Cutting Test [23]; MPFB = Minnesota
Paper Form Board (MPFB) tests; MRT = Mental Rotation Test [16]; NOCST = Novel Object Cross-Section Test;
RAPMT = Raven’s Advanced Progressive Matrices Test; T3D2DT: Transformation 3D to 2D Test; PAT =
Perceptual Ability Test of the Dental Admission Test [25]; PSVT:D/R/V = PSVT: Visualization of
Development/Rotations/Views [6]; PTAT = Perspective Taking Ability Test [33]; TCST = Tooth Cross-Section Test
[14]

4.2 Instructional Approaches and Their Effects on PSVT:V Scores

When addressing the PSVT:V assessment in relation to its effects on spatial ability to test
performance, many distinct instructional approaches have been explored. These interventions
aim to target key aspects of spatial reasoning, such as mental rotation, spatial working memory,
or spatial visualization. They can range from physical manipulatives to digital and virtual tools,
curriculum-integrated training, and many other hybrid interventions. These differing
interventions across the literature have shown varying degrees of success in improving
participants' spatial skills, depending on factors, such as modality and learner characteristics.
Table 3 summarizes our review of the impact of various instructional approaches that have been
employed, with the PSVT:V also being used to focus on the approaches’ effectiveness in
enhancing assessment scores and thus increasing spatial visualization skills.

Digital-Based / Virtual Tool Interventions. As technology and the digital space continue to



evolve, virtual and digital-based tools have become increasingly integral to spatial ability
interventions and training. These tools are also relevant when evaluating the skills explicitly
measured by the PSVT:V. Digital tools often provide learners with practical experiences that
encourage active engagement, and VR environments can add a layer of immersion, placing
participants in real virtual spaces where they can manipulate or interact with real-time 3D
objects. These digital tools can provide immediate feedback to learners and create a comfortable
learning environment that allows users to set their own pace or apply unique concepts to
complex content. Literature exploring these tools has shown their effectiveness in enhancing not
only spatial ability but also PSVT:V scores following training.

Physical / Hands-On Tool Interventions. Other studies have used physical model construction
within larger, more elaborate project-based engineering contexts. This includes [34], who
incorporated isometric model building with foam core and cardboard into an engineering
graphics curriculum. Through these repeated manufacturing exercises, not only were scores on
the PSVT:V increased, but also strategies involving intuitive shape manipulation improved,
thereby decreasing completion time on spatial tasks. [35] also integrated foam and wood-block
modeling, alongside sketching, kit assembly, such as LegoTM, and even a mousetrap-powered
vehicle, throughout a 75-hour-long first-engineering graphics course. These activities engaged
students in assembling mechanical systems, cutting materials to exact measures, and switching
between differing dimensional representations. The shortened PSVT, taken by participants in this
study and containing only the views and rotations sections, reported an average gain of 13.4%
points, indicating that repetitive and applied assembly tasks can yield sustained improvements in
visualization skills. [36] also used a similar hands-on strategy in a first-year engineering design
course. There were significant improvements in PSVT:V after the course was completed, and
indications that the physical handling and construction of objects enhanced the ability to
manipulate mentally.

Curriculum-Integrated Interventions. Curriculum- or course-integrated interventions embed
spatial skill development throughout the structure of an existing or newly created academic
course, ensuring that students engage with spatial tasks as part of the standard teaching that may
also surround other topics, rather than in isolated sessions or additional programs. This approach
allows learners to apply and reinforce spatial ability and visualization skills over extended
periods by providing repeated practice, contextual relevance, and alignment with the course
objectives. Typically, in this context, the PSVT:V was utilized as a pre-/post-measure of spatial
skill development and as a diagnostic tool to assess how discipline-specific and prolonged
exposure to spatial problems influences spatial performance.

Simulation/Robotics-Based Training. Another type of spatial training or intervention found in
the literature is simulation- and robotics-based training that uses immersive, interactive systems
to create complex, real-world spatial tasks in controlled, repeatable environments. The approach
allows spatial subskills, such as mental rotation or dynamic spatial tracking, to be targeted while
also enabling iterative practice without the usual limitations of materials or safety concerns. The
reviewed studies emphasize that such interventions can produce significant improvements in
visualization skills, especially when paired with other active problem-solving tasks, integrated
with multiple perspectives, and/or evaluated for effectiveness by the PSVT:V.



Explicit Spatial Strategy Instruction. When instructional approaches aim to teach spatial
strategies explicitly, researchers often focus on helping students recognize and reflect on their
own cognitive processes while intentionally solving problems that match the specific demands of
spatial reasoning tasks.

Other / Hybrid Interventions. Besides these intentional, strategy-based approaches, many
studies have employed hybrid or other unconventional interventions that involve multiple types
of training to achieve the best blend of spatial reasoning practice with smaller, domain-specific
activities. These explicit, strategy-focused, and hybrid interventions demonstrate the extensive
breadth of educational approaches available for improving spatial visualization skills, as
measured by the PSVT:V.

With some interventions focused on a single spatial subskill through direct instruction, while
others layer spatial reasoning practices across greater disciplinary contexts or combine multiple
modalities for reinforcement, the literature consistently suggests that intentional engagement
with spatial tasks can produce measurable gains in PSVT:V performance. The variety of
intervention types underscores the adaptability of spatial training while also setting the stage for
further examination of how different methods best align with a participant's demographics,
learner needs, and instructional goals, as well as the context in which spatial reasoning is most
critical.

Table 3. Instructional Approaches and Their Effects on PSVT:V Scores

Intervention | Studies Typical Implementation Synthesized Effects on PSVT
Category Context
Digital-Based | [26], [37], | CAD platforms, GeoGebra, | Software-based interventions consistently produced
/ Virtual Tool |[38], [39], | SketchUp, VR improved PSVT scores. Gains were strongest when tools
Interventions |[40], [41], | environments, web-based |were embedded within structured, guided activities
[42], [43], | visualization tools aligned with viewpoint transformation and mental
[44] rotation demands.
Physical / [7], [34], |Tangible 3D objects, model | Physical interventions produced significant PSVT gains,
Hands-On [36], [38], | construction, sketching, particularly when learners repeatedly manipulated
Tool [42], [45], | origami, and kinesthetic objects and translated between 2D and 3D
Interventions |[46] manipulation representations, supporting embodied spatial reasoning.
Curriculum- [[10], [34], | Spatial training embedded | Curriculum-integrated approaches yielded sustained
Integrated [35],[47], | within mathematics, improvements in PSVT scores and were frequently
Interventions |[48], [49], |engineering, or computer |associated with gains in academic or task performance,
[50],[51] | graphics coursework suggesting durable and transferable spatial learning.
Simulation / |[11], [13], | Teleoperation tasks, Simulation-based interventions were particularly
Robotics- [28], [42], | robotic interfaces, VR effective when tasks required dynamic viewpoint shifts
Based [52],[53] |simulators, acrospace or and spatial coordination. Higher PSVT scores were often
Training medical simulation associated with improved task accuracy and efficiency.
environments
Explicit [10], [30], | Direct instruction in spatial | Explicit strategy instruction supported PSVT
Spatial [54], [55], |strategies (e.g., mental improvement by making spatial reasoning processes
Strategy [56] rotation, perspective- explicit and teachable, particularly when reinforced
Instruction taking, cross-sectioning) through guided practice and reflection.
Other / [30], [36], | Direct instruction in spatial | Hybrid interventions generally produced broad spatial
Hybrid [38], [42], |strategies (e.g., mental gains, including improvements on the PSVT, though
Interventions |[49], [57], |rotation, perspective- isolating the contribution of individual components was
[58] taking, cross-sectioning) sometimes challenging.




5. Discussion

This systematic review using the PSVT:V offers a multi-layered perspective, revealing both
convergences and divergences in its relationship to other spatial assessments, the effects of
instructional approaches, and the role of demographic factors in shaping performance outcomes.
When considered together, these results not only aid in synthesizing patterns that have emerged
from the literature but also identify critical conceptual and methodological gaps that may warrant
further investigation. Interpreting these patterns requires placing them within the broader spatial
ability research landscape, where they can be further evaluated.

5.1 Interpreting Assessment Tool Relationships

The theoretical distinctions outlined earlier in this review indicate that spatial visualization, as
measured by the PSVT:V, inhabits a specific subdomain within the broader spatial ability
framework, and the patterns observed across the reviewed literature also align. Consistent with
current models that distinguish between abilities, such as mental rotation, perspective-taking, and
visualization, the focus of the PSVT:V is to serve as a targeted measure of viewpoint-based
visualizations, as evidenced by the task requirements in the test questions, such as interpreting
and transforming orthographic projection positions. This is further supported by the varying
correlations between PSVT:V and other spatial measures, such as the CCT, MCT, MRT, and
PTAT, also depending on the characteristics of participants. While a moderate connection is
made in many studies suggesting a shared reliance on mental manipulation of 3D information,
many weak or inconsistent correlations support the idea that the PSVT:V pushes the use of a
more specialized set of cognitive approaches.

5.2 Instructional Approaches Effectiveness

Across the literature, structured interventions, regardless of format, consistently result in the
greatest measurable improvements in PSVT:V scores, affirming the idea that spatial visualization
is a malleable skill that can be cultivated through intentional practice. However, the degree and
durability of improvement also varied depending on format, duration, training structure, and
learning characteristics, further highlighting not only these consistent patterns but also
unresolved complexities in the instructional design of spatial training.

At the same time, several gaps remain in the body of spatial research on instructional
approaches. Often, follow-ups are brief, leaving open questions about the durability of gains
beyond immediate intervention. Also, a few studies included randomized controls or effect sizes,
which consequently limits the amount of cross-study comparability that can be performed.
Hybrid interventions remain one of the more underexplored training types despite their promise,
and while some effort has been made to explore equity amongst these interventions, most of the
literature did not analyze intervention outcomes across demographic groups or characteristics,
leaving uncertainty about whether these trainings help students equally. In summary, these
findings propose that the most effective interventions for improving spatial visualization ability
and thus PSVT:V score are curriculum-integrated, extended in duration, and structured to
provide opportunities for feedback and self-correction. Hybrid intervention designs may
ultimately give the most balanced approach if researched and tested further, although physical



tools do offer strong foundational benefits, and digital tools hold potential for advanced
visualization training. The collective evidence generally underscores the malleability of spatial
visualization and the need for more longitudinal, detailed, and comparative research to determine
which instructional models yield enduring improvements in spatial reasoning, not just short-term
score gains.

5.3 Limitations of The Study

Despite the breadth of studies included in the literature, this systematic review identifies several
limitations in the studies themselves and in the current synthesis that must be acknowledged.
First, from a methodological standpoint, this review was limited by the amount of variability in
how individual studies reported their participant samples, designs, and statistical outcomes. For
instance, many studies did not include full pre- and post-test means, standard deviations, or
effect sizes, making it more difficult to calculate consistent differences across contexts. Second,
the literature itself also identifies significant challenges across the nearly five decades of
research. Oftentimes, multiple assessments are administered to participants, yet many researchers
rarely discuss how these tools differ or are similar in what they measure. This lack of conceptual
clarity only complicates interpretations of validity, particularly in light of the persistent debates
over spatial visualization’s place within the theorized broad models of spatial ability.

Finally, the wide variation in instructional approaches across the literature makes it difficult to
identify the essential elements of effective training. For example, instructional approaches can
differ significantly in delivery mode, training intensity and duration, feedback structures, and the
use of control groups or randomization. However, if studies do not provide these details or report
them inconsistently, it becomes difficult to interpret their findings, identify which components
meaningfully contribute to training effectiveness, and compare results across studies.

5.4 Conclusion

This review synthesized evidence from studies using the PSVT:V to evaluate spatial
visualization in STEM and engineering education. Two central conclusions have begun to
manifest:

e Convergence and divergence of the PSVT:V: The PSVT:V has shown consistent
convergence with other spatial measures, such as the PTAT, MRT, and PSVT:R, while also
offering distinctive insights into visualization abilities as a view transformation challenge.
This balance of common assessment techniques and style, combined with the unique
underscoring of the differing spatial domains, only highlights the enduring value the
PSVT:V holds as a core spatial ability instrument.

e Instructional approaches of the PSVT:V: A scope of interventions, from hands-on
manipulatives to digital/virtual environments, has all been shown to improve PSVT:V
performance. Expanded and structured approaches tend to produce the strongest and most
sustained gains, while short-term interventions typically yield only limited effects.

Together, these findings confirm that the PSVT:V is an adaptable and reliable tool for both
spatial skill diagnosis and evaluating the impact of educational interventions.
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