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Background: Visuospatial abilities are an important component of technical skill acquisition. Targeted visuospatial
ability training may have positive implications for training programs. The development of such interventions re-
quires an adequate understanding of the visuospatial ability processes necessary for surgical and nonsurgical
tasks. This scoping review aims to identify the components of visuospatial ability that have been reported in sur-
gical and nonsurgical trainees and determine if there is consensus regarding the language and psychometric mea-
sures used, clarifying the elements thatmay be required to develop interventions that enhance visuospatial ability.
Methods: A scoping review was designed to identify relevant records from EMBASE and Medline until January 13,
2020. Data were extracted on visuospatial ability terminology, dimensions, instruments, and interventions with
results stratified by specialty (surgical, nonsurgical, or mixed). Conference abstracts, opinion pieces, and review
studies were excluded.
Results:Out of 882 total records, 26 were identified that met criteria for inclusion. Surgical specialities were repre-
sented in>90% of results. A total of 16 unique termswere used to describe visuospatial ability andweremeasured
using 34 instruments, of which eight were usedmore than once. Eighteen different dimensions were identified. A
single study explored the effects of a targeted visuospatial ability intervention.
Conclusion: Awide range of visuospatial ability terms, instruments, and dimensions were identified, suggesting an
incomplete understanding of the components most relevant to surgical and nonsurgical tasks. This confusionmay
be hindering the development of visuospatial ability targeted interventions during residency training. A rigorous
methodological model is proposed to help unify the field and guide future research.

© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Visuospatial abilities (VSAs) are important for both surgical- and
non–surgical-related tasks, such as laparoscopic interventions and the
interpretation of medical imagery [1]. A positive relationship between
VSA and technical performance has been reported in the literature
[1–5]. In addition, longer learning curves have been observed during
laparoscopic suturing [2] and appendectomy [3] tasks in students with
low VSA. The aggregate of these findings suggests that the learning
curves of trainees performing tasks requiring a degree of VSA could be
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shortened when VSA is improved through training. VSA targeted train-
ing may therefore be promising for surgical and nonsurgical specialties.

Although the literature has shown an overall a positive relationship
between VSA and technical performance, discrepancies in this relation-
ship have also been reported [6]. A multitude of terms, conflicting defi-
nitions, and instruments have been used to describe and measure
related visual and spatial processes in the literature [7,8]. It has been ar-
gued that the types of testing used to assess VSA could partially explain
these discrepancies, as the selection of appropriate instruments appears
to lack sufficient theoretical reasoning [6]. The tests may therefore not
align with the task in question. This may result in a lack of consistent
testing methods and make it challenging to establish the relevant VSA
processes, impeding the development of potential VSA training
interventions.

Given the broad scope and multiple dimensions of VSA, it is impor-
tant to understand the components that are fundamental to surgical
and nonsurgical specialties. We have explored these components by
conducting a scoping review. Scoping reviews, like systematic reviews,
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use structured guidelines to synthesize information [9]. However, they
are designed to illustrate the landscape of the literature toward a
topic, as opposed to systematically narrow down specific studies to as-
sess their quality and implications [9]. Although conducting a system-
atic review aligns with our goals of improving our understanding of
VSA and enhancing related training programs, a scoping review is first
needed to map out the overall characteristics of the field and identify
potential gaps in the literature [9]. As such, this scoping review seeks
to gain insight on the studies exploring the role of VSA in surgical and
nonsurgical trainees and determine if there is consensus regarding the
language and instruments used.We aim to report the VSA (1) terminol-
ogy, (2) instruments, (3) dimensions, and (4) targeted training found in
the literature as well as suggest a model for future research in hopes of
forming a consensus in the literature.

METHODS

Framework. The methodological framework used to guide this review
was the Five-Stages for conducting a scoping review by Arksey &
O'Malley, which involved (1) identifying the research question; (2)
identifying relevant studies; (3) study selection; (4) charting the data;
and (5) collating, summarizing, and reporting the results [10]. The Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses ex-
tension for Scoping Reviews (PRISMA-ScR) checklist was also
consulted [11].

Criteria for Selection. Empirical journal articles written in English that
used instruments to measure any dimension of VSA in trainees were
considered for inclusion. There were no date limitations. The article
was considered for inclusion if the population was composed of
trainees, which we operationalized as residents, fellows, or any partici-
pant that completed a medical degree and was currently in training.
Since we were interested in trainees specifically, articles were excluded
if trainees were not isolated as their own group when studies included
nontrainees. Our intent was to examine completed studies that mea-
sured VSA in trainees specifically; therefore, conference abstracts, opin-
ion pieces, and review articles were excluded (but were reviewed for
relevant information). Articles unavailable online were also excluded.
If an instrument was intended for children, it was excluded as it was
not designed for the population in question. If the instrument had addi-
tional sections assessing factors that were not VSA (ie, topic knowledge,
motor skills, etc), it was excluded, as we believed these measures were
designed for a distinct task and would not be beneficial for a researcher
interested in specifically determining an individual's VSA levels. In other
words, we sought to isolate instruments used to measure VSA alone.

Search Strategy and Selection Procedure. A search strategywas devel-
oped in 2 stages. In the first stage, a preliminary literature review using
basic keywords related to VSA and health care (ie, visuospatial, visual
spatial, spatial perception, resident*) was conducted in Embase and
MEDLINE with the purpose of identifying additional keywords related
to VSA. In the second stage, a comprehensive search strategy using key-
words and MeSH terms was developed with the help of a health sci-
ences librarian. The final search was performed January 13, 2020, in
MEDLINE (1946–Jan 13, 2020) and Embase (1947–Jan 13, 2020). The
search strategy can be found in the appendix. Two authors (MMV and
HRMM) independently screened titles and abstracts using the online
web application Rayyan Qatar Computing Research Institute (Hamad
Bin Khalifa University, Doha, Qatar) [12]. Discrepancies were settled
through discussion (MMV and HRMM) until consensus was met. Full-
text articles were obtained and examined for possible inclusion by
MMV using the selection criteria.

Data Extraction. Data were compiled into a data-charting table. Ex-
tracted data from the full-text analysis included the author, year, publi-
cation type, location of study, field (surgical, nonsurgical, ormixed) and
26
specialty of the trainees, instruments used to measure VSA, dimensions
of VSA examined, and terminology used for VSA. Data extraction was
completed by 1 researcher (MMV).

RESULTS

Study Selection Process. Figure 1 illustrates a flowchart of the selection
process. The initialMEDLINE and Embase search yielded 882 titles. After
deduplication, 626 titles underwent title-abstract screening based on
the selection criteria, and 62 articles remained for full-text review. A
total of 26 articles met the inclusion criteria after full-text review and
underwent data extraction and analysis.

Study Characteristics. The study characteristics are presented in
Table 1. The studies included in this review were published between
1992 and 2019. The percentage of studies published in the last 10
years (ie, 2010) was 61.54% (n=16). The study types comprised of ob-
servational studies (n = 21) and experimental studies (n = 5). Only 1
study introduced a VSA training intervention [13].

The field of the trainees investigatedwere surgical (n=21; 80.76%),
nonsurgical (n=2; 7.69%), or both (n=3; 11.54%). A total of 14 studies
(53.85%) specified the specialties of the trainees (Table 1). One study
considered all residents investigated as surgical residents, including an-
esthesia [13]. Because the authors considered their population surgical
and not mixed, they were marked accordingly for consistency. Because
obstetrics and gynecology residents are classified as a surgical speciality
by the Royal College of Physicians and Surgeons of Canada [14], studies
that included this specialtywere deemed surgical unless the authors ex-
plicitly specified otherwise.

VSA Terminology. Sixteen different terms to describe VSA were found.
The terms were Visual Spatial Ability (n= 10), Visuospatial Ability (n=
8), Spatial Ability (n= 7), Visual Spatial Aptitude (n= 4), Visual Spatial
Skills (n = 3), Perceptual Ability (n = 1), 2D–3D Visual Spatial Ability
(n=2), Spatial Skills (n=2), Visuospatial Aptitude (n=2), Visuospa-
tial Skills (n= 2), Spatial Aptitude (n= 1), Spatial Perception (n= 1),
Visual Perception (n = 1), Visual–Spatial Perception (n = 1), Visual–
Spatial Processing (n = 1), and Visuospatial Perception (n = 1).

Eleven studies (42.31%) used a consistent term for VSA, whereas 14
studies (53.84%) used 2 or more terms interchangeably. One study did
not specify a term for VSA but instead focused on the specific dimen-
sions of interest [15]. The term perceptual ability was used in an addi-
tional study; however, we did not count it in the analysis because the
authors explicitly deemed it a separate construct from VSA [16].

Dimensions of VSA.Out of the 26 studies included in this review, only 10
studies (38.46%) explicitly stated the dimension of VSA they were
assessing. A total of 18 dimensions were investigated, including Spatial
Orientation (n = 4), Mental Rotation (n = 3), Spatial Scanning (n = 3),
Edge and Surface Extraction (n = 1), Mental Rotation of Visual Forms
(n= 1), Mental Visualization Involving 2D and 3D Spatial Rotations and
Translation (n = 1), Perspective Taking (n = 1), Spatial Judgment (n =
1), Spatial Planning (n=1), Spatial Visualization (n=1), Spatial Visual-
ization andManipulation (n=1), Visual Analysis (n=1), VisualMemory
(n = 1), Visual Problem Solving (n = 1), Visual Spatial Learning and
Memory (also referred to as Visual Learning and Memory) (n = 1),
Visuomotor Organization (n = 1), Visuospatial Processing and Con-
struction Ability (n = 1), and Whole Object Recognition (n = 1). One
study investigated a subcategory of Spatial Judgment, known as Field
Dependence [17].

Instruments. Thirty-four different instrumentswere used to assess VSA
across all 26 studies. No single instrument was used across all studies,
and only 8 instruments (23.53%) appeared in more than 1 study. They
were the Card Rotation Test (n = 7), Cube Comparison Test (n = 5),
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Map Planning Test (n = 5), PicSOr (n = 3), Redrawn Vandenburg and
Kuse Mental Rotation Test (n=4), Vandenburg and Kuse Mental Rota-
tion Test (n=4), Gestalt Completion Test (n=2), and Surface Develop-
ment Test (n = 2). The remaining 26 instruments are presented in
Table 1. One study used an additional instrument to measure VSA
[18]. However, it was excluded from analysis because it measured addi-
tional aptitudes including general cognitive ability, verbal ability, and
numeric ability [18].
PicSOr
Three studies included in our analysis used the PicSOr instrument as

a measure of VSA [19–21]. It was also used in a fourth study; however,
we did not count it in our analysis because the authors used it to mea-
sure a construct they explicitly considered separate from VSA [16].
Different Versions of the Mental Rotation Tests
We found 3 different versions of the Mental Rotation Test (MRT).

They were the Mental Rotation Task derived from the Shepard and
Metzler MRT (n = 1), the Vandenburg and Kuse MRT (n = 4), and
the Redrawn Vandenburg and Kuse MRT (n=4). There were 2 subver-
sions of the RedrawnVandenburg andKuseMRT: Version A andVersion
C. Three studies used Version A [18,22,23] only, and 1 study used Ver-
sions A and C [24]. Two additional studies included a MRT instrument
but did not specify the version used [17,25].
Fig 1. Preferred Reporting Items for Systematic Rev
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DISCUSSION

The main objective of this scoping review was to gain insight on the
studies exploring the role of VSA in surgical and nonsurgical trainees
and determine if there was consensus in the literature regarding critical
domains and testing. More specifically, we reported the terminology
used to describe VSA, the instruments used to assess VSA, the dimen-
sions of VSA explored, and the VSA training interventions found in the
literature. Our review has demonstrated that there is a lack of common-
ality in both the language and instruments used in the study of VSA.
There also appears to be a lack of understanding on the particular VSA
domains underlying a particular skill, in addition to a lack of VSA train-
ing in general. This lack of consensus toward operationalizing VSA could
be problematic in designing and evaluating educational programs and
serves as a barrier toward generalizing and applying various study re-
sults to different contexts. Hence, the results of our study highlight the
need for methodological guidelines to help bring a firm consensus to-
ward operationalizing, studying, and training VSA inmedical and surgi-
cal education.

VSA in the Surgical Field. VSA appeared to be of particular significance
for the surgical field, as >90% of publications included a surgery spe-
cialty. It is therefore apparent that although surgical and nonsurgical
specialties alike may perform visually demanding tasks, the interest in
VSA seems focused toward surgery. A possible explanation for this
iews and Meta-Analyses Study Selection Chart.

Image of Fig 1


Table 1
Synthesis of data and study characteristics

Article Study type Field Specialty VSA terminology Instruments Dimension of VSA

Luko et al, 2019
[13]

Experimental
study

Surgical General Surgery,
Gynecology, Urology,
Anesthesia, Orthopedics,
Otorhinolaryngology,
Oral and Maxillofacial
surgery

Spatial Skill, Spatial
Ability

Vandenburg and Kuse MRT, The
Object Perspective Taking Test, The
Tower of London Test

MR, Perspective Taking, SP

Nayar et al,
2019 [34]

Observational
study

Mixed – Visual Spatial
Ability, Visual
Spatial Aptitude

Spatial reasoning practice test 1
from online source

–

De Witte et al,
2018 [35]

Experimental
study

Surgical – Spatial Ability Vandenburg and Kuse MRT, Spatial
Orientation Test

SO, MR

Henn et al,
2018 [36]

Observational
study

Surgical General Surgery,
Orthopedic Surgery,
Plastic Surgery, Pediatric
Surgery, Urology,
Cardiothoracic Surgery,
Neurosurgery,
Ophthalmology

Visual Spatial
Aptitude, Visual
Spatial Ability,
Spatial Aptitude

CRT, CCT, MPT SO, SS

Hinchcliff et al,
2018 [37]

Observational
study

Surgical Obstetrics and
Gynecology, General
Surgery, Urology

2D–3D Visual Spatial
Ability, Visuospatial
Perception,
Visuospatial
Aptitude,
Visuospatial Ability,
Spatial Perception

CCT, CRT, MPT, Surface Development
Test

–

Milam et al,
2018 [38]

Experimental
study

Surgical Cardiothoracic, General
Surgery, Neurosurgery,
Otolaryngology Head and
Neck Surgery,
Ophthalmology,
Orthopedics, Plastics,
Urology, Vascular

Visual–Spatial
Processing

Vandenburg and Kuse MRT MR

Henn et al,
2017 [19]

Observational
study

Surgical – Perceptual Ability PIcSOr –

Louridas et al,
2015 [20]

Observational
study

Surgical General Surgery,
Orthopedic Surgery,
Urology, Plastic Surgery,
Vascular Surgery,
Neurosurgery, Cardiac
Surgery, Ear Nose and
Throat

Visual Spatial
Ability, Visual
Spatial Skill, 2D–3D
Visual Spatial Ability

PicSOr, CCT, CRT –

Sheikh et al,
2014 [17]

Observational
study

Surgical Cardiothoracic Surgery Visual Spatial Skill,
Spatial Ability

MRT (Unspecified Version), Adapted
Purdue Visualization of Views Test,
Judgment of Line Orientation Test,
Adapted Rod and Frame Test

Spatial Visualization, Spatial
Judgment (with a subcategory
of field dependence)

Ahlborg et al,
2013 [23]

Experimental
study

Surgical Obstetrics and
Gynecology

Visuospatial Ability Redrawn Vandenburg and Kuse
MRT, Subversion A

–

McDonald et al,
2013 [15]

Observational
study

Nonsurgical Internal Medicine – BVMT-R Visual Spatial Learning and Memory

Ahlborg et al,
2012 [22]

Observational
study

Surgical Obstetrics and
Gynecology

Visuospatial Ability Redrawn Vandenburg and Kuse
MRT, Subversion A

–

Nugent et al,
2012 [39]

Observational
study

Surgical – Visual Spatial
Aptitude, Visual
Spatial Ability

CRT, MPT –

Nugent et al,
2012 [16]

Observational
study

Surgical – Visual–Spatial
Aptitude, Visual
Spatial Ability,
Perceptual Ability

CRT, MPT SO, SS

Smith et al,
2012 [40]

Observational
study

Nonsurgical Anesthesiology Visuospatial
Aptitude,
Visuospatial Skill,
Visuospatial Ability

Block Design Test, Digit Symbol
Substitution Test, Trail Making Test,
Pelli–Robson Contrast Acuity Testing

–

Rosenthal et al,
2010 [41]

Observational
study

Surgical – Spatial Ability,
Visual Spatial
Ability, Spatial Skill

3D-Cube Paper-and-Pencil Test of
Mental Rotation

–

Langlois et al,
2009 [24]

Observational
study

Mixed Surgery, Anesthesiology,
Emergency Medicine,
Family Medicine, Internal
Medicine

Spatial Ability Vandenburg and Kuse MRT,
Subversion A and C

–

Wanzel et al,
2007 [42]

Observational
study

Surgical – Visual–Spatial
Ability,
Visual–Spatial Skill

MR Task derived from Shepard and
Metzler MRT

MR of Visual Forms

Enochsson
et al, 2006
[43]

Observational
study

Surgical – Visuospatial Ability CRT –
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Table 1 (continued)

Article Study type Field Specialty VSA terminology Instruments Dimension of VSA

Stefanidis et al,
2006 [21]

Observational
study

Surgical – Visuospatial Ability,
Spatial Ability

MPT, Matrix Reasoning, Rey Figure,
CRT, CCT, Minnesota Paper Form
Board, PicSOr

SS, Visual Analysis, Visual Problem
Solving, Visuomotor Organization,
Visuospatial Processing and
Construction Ability, Visual
Memory, SO, Spatial Visualization
and Manipulation

Strom et al,
2006 [18]

Experimental
study

Surgical – Visual–Spatial
Ability

Redrawn Vandenburg and Kuse
MRT, Subversion Unspecified

–

Wanzel et al,
2003 [25]

Observational
study

Surgical Plastic + Oral and
Maxillofacial Surgery

Visual–Spatial
Ability

MRT (Unspecified Version), Surface
Development Test, Gestalt
Completion Test, Phase
Discrimination Test

Edge and Surface Extraction, Whole
Object Recognition, Mental
Visualization Involving 2D and 3D
Spatial Rotations and Translations

Wanzel et al,
2002 [44]

Observational
study

Surgical – Visual–Spatial
Ability

Snowy Pictures' Test, Gestalt
Completion Test, Shape Memory
Test, CCT, Form Board Test,
Vandenburg and Kuse MRT

–

Risucci et al,
2000 [45]

Observational
study

Surgical General Surgery Visual Perception,
Visual–Spatial
Perception

Form Completion Subtest, The
Orientation Subtest, The Touching
Blocks Subtest

–

Harris et al,
1994 [46]

Observational
study

Mixed Surgery, Anesthesiology,
General Medicine, and
Psychiatry

Visuospatial Ability Embedded Figures Task –

Steele et al,
1992 [47]

Observational
study

Surgical – Visuospatial Ability,
Visuospatial Skill,
Spatial Ability

Hidden Figures Test –

Information not specified (–).
BVMT-R, Brief VisuospatialMemory Test-Revised; CRT, CardRotation Test;CCT, CubeComparison Test;MPT, MapPlanning Test;MR, Mental Rotation;MRT, Mental Rotation Test; SO, Spatial
Orientation; SP, Spatial Planning; SS, Spatial Scanning.
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may be the perceived relevance of VSA during routine day-to-day
duties. Depending on the specialty and whether apparent VSA-
oriented tasks make up a smaller component of daily duties, VSA re-
searchmay be of less interest. Asmany of the tasks routinely performed
by surgeons seem to directly involve different VSA processes, such as
the mental formation of anatomical representations prior to surgical
procedures [1], VSA research may be more germane to surgical
specialties.

Fragmented Field. A wide array of VSA measures were discovered;
however, no single instrument appeared in all of the included articles.
We also found a broad base of VSA related terms, with up to 16 different
terms being used. Inconsistencies between a term used to describe a
VSA-related process and an instrument used for measurement were
also discovered, making it difficult to compare results between studies.
For example, the PicSOr instrument was used as a measure of VSA in 3
studies [19–21] but was separated from the VSA measures in a fourth
study according to the authors [16]. In addition to the numerous instru-
ments available to assess VSA levels, we also foundmultiple versions of
an instrument, such as theMRT.Moreover, the version used was not al-
ways clearly documented, which may negatively impact the rigor and
validity of a study. Conflicting findings pertaining to VSA and technical
performance have been documented in the literature [6], and they
may be explained by this lack of unity in VSA research. Our scoping re-
view suggests that unified guidelines for studying VSA in medicine do
not exist.

Dimensions of VSA.Most studies did not specify the dimensions of VSA
measured. Although the importance of VSA may be understood by sur-
gical specialties in particular, there may be a lack of insight on the most
relevant areas because they are either unspecified or unexplored. A sys-
tematic review exploring spatial cognition inminimally invasive surger-
ies found that the mental rotation test was used significantly [26],
suggesting thatmental rotationwas oneof themost studied dimensions
amid the areas explored. Consistentwith their results,we found that the
different versions of the MRT were among the most prominently used
instruments, with mental rotation being among the most documented
29
dimensions. However, less than half of the studies included in this re-
view specified the dimensions measured. Many of the instruments
seem to have been selected as a general measure of VSA without taking
into consideration the specific dimension of interest. VSA seems to be
treated as a singular process, and it therefore becomes difficult to iden-
tify the specific relevant processes [26], which adds to the difficulty of
interpreting and comparing results between studies.

VSA Training. Although VSA specific training interventions could have
promising positive implications for trainees, only 1 study was identified
that explored the effects of a VSA training session on technical task per-
formance. Participants in the training condition significantly improved
performance on a robotic suturing task, demonstrating that the VSA in-
tervention was easily accessible and time efficient [13]. These results
support the notion that VSA-specific training sessionsmay be promising
for surgical education specifically, yet there remains a large gap in the
literature. As evidenced by the heterogeneity identified in this review,
this may partially be explained by an inadequate understanding of
task specific VSA processes.

Suggested Model for Future Research. Our scoping review has demon-
strated both the lack of—and necessity for—a unified framework for VSA
testing in the surgical field. We have developed a model based on our in-
terpretation of ideas and work found in the literature. We first suggest in-
vestigating the following broad mental processes (Fig 2): (1) egocentric
transformations, where the self is reoriented to view the environment
from an alternate perspective, and (2) object-based spatial transformations,
where anobject ismentallymanipulated and theposition of the individual
remains unchanged [27]. Egocentric transformations have been said to in-
volve the spatial orientation process [28,29]. Consequently, we have cate-
gorized spatial orientation as a dimension of egocentric transformations in
our model. In contrast, processes that describe object-based transforma-
tions typically range in their level of complexity [28,29].Wehave therefore
divided object-based spatial transformations into simple and complex
transformations. Simple object-based transformations constitute a very
simplemental operation, while complex object-based transformations in-
clude multiple mental operations [28–30]. As the name describes, the



Fig 2. Proposed model for testing VSA in the surgical field.
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mental rotation process involves rotating an objectmentally and has been
depicted as a simpler process [28–30]. On the other hand, spatial visualiza-
tion is typicallymore complex and comprisesmultiple operations [28–30].
We have therefore considered the dimensions of simple and complex
object-based transformations in our model asmental rotation and spatial
visualization, respectively. Both egocentric and object-based transforma-
tions should encompass a fair range of processes that may be involved in
medical tasks, such as reorienting an organ along an axis (simple object-
based; mental rotation), reorienting an organ in a series of mental manip-
ulations (complex object-based; spatial visualization), or viewing it from
an alternate perspective (egocentric; spatial orientation).

There are an overwhelming number of instruments said to measure
VSA. To prevent further heterogeneity and confusion, we have recom-
mended instruments that align with the above identified VSA dimen-
sions. For spatial orientation, we recommend researchers use the
Perspective Taking Spatial Orientation Test [31]. It is an updated version
of the spatial orientation test that has demonstrated discrimination
from mental rotation tests [29]. The test is available online or as a
paper and pencil test. For the dimension of mental rotation, we recom-
mend using the Redrawn Vandenburg and Kuse Mental Rotation test
[32]. It is an updated version of the original Vandenburg and Kuse
MRT test, providing complete and clear items that had faded over
time [32]. We also suggest using version MRT(A) of the test, as the
MRT(C) is composed of much more difficult items [32]. We believe
the increase in difficulty is unnecessary for the purpose of measuring
simple transformations. If researchers plan to measure mental rotation
at 2 points in time,MRT(B) should be used at retest [32]. This version re-
duces practice effects by presenting identical items from MRT(A) in a
different sequence [32]. Finally, we proposemeasuring spatial visualiza-
tion using the Paper Folding Test, as its purpose alignswith that of com-
plex transformations [33].

Surgical Relevance of ProposedModel for TestingVSA in the Surgical
Field. In egocentric spatial transformations (Fig 3, A), more specifically
spatial orientation, the visual field changes. Surgical procedures that
a. b.

Fig 3. Illustration of (A) egocentric spatial transformations and (B) object-based spatial
transformations.

30
appear to involve these processes include fluoroscopic image–guided
interventions. In such tasks, the camera presents different views of the
anatomy of interest while the patient is stable. For example, in a trans-
catheter aortic valve replacement, the patient is supine while the fluo-
roscopy rotates around the target, providing different perspectives of
the heart valve. Thus, the perspective of the anatomy and its environ-
ment is changing.

In object-based spatial transformations (Fig 3, B), the observer re-
mains static while the object itself is manipulated. These transformations
include mental rotation and spatial visualization, which involve rotating
an object along an axis and visualizing a series of transformations respect-
fully. Laparoscopic and open surgical tasks appear to involve these pro-
cesses. For example, in a laparoscopic cholecystectomy, the camera
remains fairly static for a large proportion of the procedure. The gallblad-
der is manipulated through a series of steps, which include being rotated
while the surgeon searches for anatomical landmarks such as the gall duct
and artery. Additional manipulations may then occur, such as detaching
the gallbladder. In open surgery, the surgeon exposes a target structure.
Theymust visualize the best way to retract the target and/or surrounding
tissue to optimize their operative exposure. Theymust also be able to pre-
dict what other structures may be present underneath and around the
landmark. Another example would be preoperative surgical planning
using CT reconstruction of relevant anatomy. Here, the organ and associ-
ated tumor can be rotated to mentally visualize what will be seen and
expected in the operating room.

It is very important to note that these processes may overlap in cer-
tain procedures. There may be a combination of both egocentric and
object-based spatial transformations involved in a procedure, but one
may be predominant over the other. For example, although laparoscopic
tasks appear to be predominantly guided bymental rotation and spatial
visualization, there are instances where the cameramay also bemoved.
Spatial orientation may therefore also be relevant. In addition, the pro-
cesses involved in a procedure may depend on how the procedure is
performed. For example, when a venous or arterial central line place-
ment is performed without an ultrasound, the surgeon must determine
the correct angle to properly puncture the vein using landmarks and
tactile sensation. This procedure would involve object-based transfor-
mations as they are directly observing the anatomy. When it is per-
formed with an ultrasound, a probe is used to illustrate different
viewpoints of the vein or artery. These viewpoints are changed until
the correct position is reached. Descriptions of each test and examples
of relevant surgical tasks are presented in Table 2.
Future Directions Based on ProposedModel. Future directions should
gather empirical evidence to strengthen the validity of this model and
use it to improve commonality in the field. Should researchers want to
use additional or alternate instruments, we advise that they provide a
rationale outlining their reasoning and choices. We also recommend

Image of &INS id=
Image of Fig 3


Table 2
Descriptions of psychometric instruments, targeted VSA processes, and surgical relevance

Psychometric
instrument

Description of task Description of VSA process Surgical relevance

Perspective Taking
Spatial Orientation
Test

Participants must draw a line indicating the
imagined direction of an object relative to
their position. Their position in the task is
based on 2 other objects.

Mentally alter one's viewpoint of an
environment.

May be relevant in fluoroscopic image–guided
interventions, in which the fluoroscopy rotates
around the target structure and venous or arterial
central line placement with ultrasound. Example
procedures include transcatheter aortic valve
implantation or similar.

Redrawn Vandenburg
and Kuse MRT

Participants must select 2 out of 4 objects
that are the same configuration as a target
object. They must do so by mentally
rotating the objects along an axis to
determine which ones are the same.

Mentally rotate an object along an
axis without changing one's
position.

May be relevant in laparoscopic procedures, open
surgical tasks, and preoperative surgical planning,
more specifically when the target structure is rotated.
Example procedures include laparoscopic
cholecystectomy, laparoscopic colectomy, open heart
surgery, tumor resection, or similar.

Paper Folding Test Participants are presented a folded paper
with a hole. They must visualize what it
would look like once unfolded. They must
do so through a series of mental operations,
which include mentally unfolding the
paper and imagining the correct location of
the holes.

More complex than mental rotation.
Includes performing a series of
mental operations to determine
what an object would look like after
the operations are complete.

May be relevant in laparoscopic procedures, open
surgical tasks, preoperative surgical planning, and
venous or arterial central line placement without
ultrasound, more specifically when the target
structure is manipulated through a series of steps.
Example procedures include laparoscopic
cholecystectomy, laparoscopic colectomy, open heart
surgery, tumor resection, or similar.
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that they clearly report the dimensions measured and instruments
used. By improving commonality in the field, a greater understanding
of the processes involved in the procedure of interest can be achieved.
This understanding would permit researchers to continue exploring
the relationship between VSA training interventions and technical
task performance. The efforts to date—although rudimentary—are
promising and have demonstrated the potential to improve curricula
in a time-efficient manner.

Strengths and Limitations. Strengths of this study included a compre-
hensive search strategy that was developed in stages with the help of a
health sciences librarian and composed of both MeSH terms and key-
words. Well-established guidelines were used to guide our study
[10,11], and all title-abstracts were screened by 2 independent re-
searchers. Limitations included the lack of a quality assessment, which
may have provided some measure of the relative merit particularly if
many VSA training interventions had been identified. However, it is
not common practice in scoping review studies, and like most, our pri-
mary goal was to illustrate the landscape of VSA conceptualization in
medical and surgical education [10]. Hence, quality assessment was ex-
cluded from our study. We also did not search the gray literature, and
only 1 researcher was involved in full-text screening, where 2 would
have been ideal.

Conclusion

In conclusion, this review has identified a growing interest in the
field of VSA research. Although VSA appears to be particularly germane
to surgical specialties, the relevance of VSA to routine duties may not be
unique. Awide variety of VSA terms, dimensions, and instruments were
identified, demonstrating fragmentation in the methods used to study
VSA. As there have been no formal frameworks or unified guidelines
to guide researchers in considering the dimensions of VSA to explore
and the instruments to use, we have proposed a model for future VSA
research in the medical field. A deeper understanding of the relevant
VSA processes could help guide researchers investigating the benefits
of VSA targeted training interventions in trainees, with the potential of
improving current training paradigms.

Author Contributions

Meagane Maurice-Ventouris: Conceptualization, Formal analysis,
Investigation, Writing – original draft. Hellmuth R. Muller Moran:
31
Conceptualization, Investigation, Writing – review & editing. Moham-
med Alharbi: Conceptualization, Writing – review & editing.
Byunghoon Tony Ahn: Conceptualization, Writing – review & editing.
Jason M. Harley: Conceptualization, Supervision, Writing – review &
editing. Kevin J. Lachapelle: Conceptualization, Supervision, Writing –
review & editing.

Acknowledgements

We would like to thank Andrea Quaiattini for helping with the de-
velopment of the search strategy (Liaison Librarian at Schulich Library
of Physical Sciences, McGill University).

Conflict of Interest

All authors report no conflicts of interest.

Funding Sources

This work was supported by the Adair Chair Surgical Education,
Montreal, QC (fund number 234943) and the Canadian Institutes of
Health Research Canada Graduate Scholarship – Master’s program.

Appendix A

Search Strategies.
Database name: Ovid Embase + Embase Classic.
Platform: Ovid.
Database coverage: 1947–present.
Date last searched: January 13, 2020.

1. Spatial Orientation/.
2. Mental* Rotat*.tw,kw.
3. Mental Manipulation.tw,kw.
4. Three-dimensional manipulation.tw,kw.
5. 3D manipulation.tw,kw.
6. 3-D manipulation.tw,kw.
7. Spatial Intelligence.tw,kw.
8. Space perception.tw,kw.
9. visuospatial*.tw,kw.

10. visual spatial*.tw,kw.
11. (visual* adj (skill or skills or ability or abilities or competenc* or

knowledge or attribute* or technique* or trait* or capacit* or
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perception* or intelligence* or aptitude* or visuali#ation* or
intelligence*)).tw,kw.

12. (spatial* adj (skill or skills or ability or abilities or competenc* or
knowledge or attribute* or technique* or trait* or capacit* or
perception* or intelligence* or aptitude* or visuali#ation* or
intelligence* or orientation*)).tw,kw.

13. mental rotation test/.
14. visual–spatial ability test/.
15. embedded figures test/.
16. PicSOr.tw,kw.
17. Pictorial Surface Orientation.tw,kw.
18. Card rotation test*.tw,kw.
19. card rotation task*.tw,kw.
20. Cube comparison test*.tw,kw.
21. Cube comparison task*.tw,kw.
22. mental rotation test*.tw,kw.
23. mental rotation task*.tw,kw.
24. Alice Heim group ability test*.tw,kw.
25. Visualization of Views Test.tw,kw.
26. embedded figures test*.tw,kw.
27. embedded figures task*.tw,kw.
28. space relations test*.tw,kw.
29. resident/.
30. residenc*.tw,kw.
31. (Intern or interns*).tw,kw.
32. Resident*.tw,kw.
33. trainee*.tw,kw.
34. postgraduate medical student*.tw,kw.
35. post graduate medical student*.tw,kw.
36. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or

15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or
27 or 28.

37. 29 or 30 or 31 or 32 or 33 or 34 or 35.
38. 36 and 37.

Database name: Ovid MEDLINE®ALL.
Platform: Ovid.
Database coverage: 1946–present.
Date last searched: January 13, 2020.

1. Visual Perception/.
2. Space Perception/.
3. Spatial Navigation/.
4. Mental* Rotat*.tw,kf.
5. Mental Manipulation.tw,kf.
6. Three-dimensional manipulation.tw,kf.
7. 3D manipulation.tw,kf.
8. 3-D manipulation.tw,kf.
9. Spatial Intelligence.tw,kf.

10. Space perception.tw,kf.
11. visuospatial*.tw,kf.
12. visual spatial*.tw,kf.
13. (visual* adj (skill or skills or ability or abilities or competenc* or

knowledge or attribute* or technique* or trait* or capacit* or per-
ception* or intelligence* or aptitude* or visuali#ation* or intelli-
gence*)).tw,kf.

14. (spatial* adj (skill or skills or ability or abilities or competenc* or
knowledge or attribute* or technique* or trait* or capacit* or per-
ception* or intelligence* or aptitude* or visuali#ation* or intelli-
gence*)).tw,kf.

15. PicSOr.tw,kf.
16. Pictorial Surface Orientation.tw,kf.
17. Card rotation test*.tw,kf.
18. card rotation task*.tw,kf.
19. Cube comparison test*.tw,kf.
20. Cube comparison task*.tw,kf.
21. mental rotation test*.tw,kf.
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22. mental rotation task*.tw,kf.
23. Alice Heim group ability test*.tw,kf.
24. Visualization of Views Test.tw,kf.
25. embedded figures test*.tw,kf.
26. embedded figures task*.tw,kf.
27. space relations test*.tw,kf.
28. Education, Medical, Graduate/.
29. residenc*.tw,kf.
30. (Intern or interns*).tw,kf.
31. Resident*.tw,kf.
32. Trainee*.tw,kf.
33. postgraduate medical student*.tw,kf.
34. post graduate medical student*.tw,kf.
35. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or

15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or
27.

36. 28 or 29 or 30 or 31 or 32 or 33 or 34.
37. 35 and 36.
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