‘e
[l
.o' American Journal of
K3 Biomedical Science & Research
LJ

ISSN: 2642-1747

@ www.biomedgrid.com

Mini Review

Copyright@ ] Claudio Gutierrez

Spatial and Visual Reasoning in Biomedical Education:
The Possible Contributions of Anatomical Learning

] Claudio Gutierrez*

University of California, Davis, USA

*Corresponding author: ] Claudio Gutierrez, Department of Anatomy, Physiology and Cell Biology, University of California, Davis,

USA.

To Cite This Article: ] Claudio Gutierrez. Spatial and Visual Reasoning in Biomedical Education: The Possible Contributions of Anatomical
Learning. Am ] Biomed Sci & Res. 2019 - 1(5). AJBSR.MS.1D.000545. DOI: 10.34297/AJBSR.2019.01.000545

Received: March 06, 2019 | Published: March 08, 2019

Abstract

Spatial visualization ability refers to the human cognitive ability to form, retrieve and manipulate mental models of spatial nature. Examples
of validated tests that measure spatial ability and non-verbal reasoning ability (visual reasoning) are: Guay’s visualization of views test, adapted
version, mental rotations test, and Raven’s advanced progressive matrices test, short form. There is currently information in the literature about
how entry-level spatial and visual reasoning abilities may predict anatomy performance or may be enhanced with progression through the anatomy
content in the medical curricula. It has been suggested that medical students possess higher spatial ability than science students, and show greater
improvement in spatial ability scores than science students after learning gross anatomy. Gross anatomy is a discipline that requires the ability to
visualize multiple cadaveric planes and allows the training of topographic orientation. This type of training may increase spatial and visual reasoning

abilities in biomedical sciences education.

Introduction

Humans rely on visuospatial processes to perform everyday
life activities [1]. Spatial ability refers to three-dimensional (3D)
structure and position of objects when they are being manipulated,
or mental transformation of object representations from different
positions [1,2].

Regarding the general literature, there are some reports of
correlations of factors such as music training, and long-term
enhancement of spatial-temporal reasoning abilities in preschool
children. In one such study, groups of children took either piano/
keyboard, singing or computer lessons. Children who took piano/
keyboard lessons had a significant improvement on spatial
reasoning scores [3]. In a study by Gliga and Iulian-Flesner, the
cognitive benefit of chess training (a game that could enhance
spatial ability) was established in children. In this study, primary
school students subjected to chess lessons improved their School
performance in two very different disciplines: Math and Romanian
language [4].

Regarding biomedical education, particularly the field of gross
anatomy, it has been suggested that medical students possess
higher spatial ability than science students, and also show greater
improvement in spatial ability scores than science students after
as little as one month of learning anatomy. The anatomic learning

requires the ability to visualize multiple planes, and to transpose
3D information into 2-dimensional domains [5].

Examples of tests that measure spatial and visual
reasoning (non-verbal reasoning) abilities

Guay’s Visualization of Views Test: Adapted Version. This test
measures spatial ability. The test measures the ability to correctly
recognize 3D objects viewed from different positions. It includes
24 questions, is timed at 8 minutes to complete, and is a modified
and validated version of The Purdue Visualization of Views Test
(http://spatiallearning.org/index.php/testsainstruments) [6].
Questions present rotated images of 3-D objects suspended in a
transparent cube. The student must identify the correct corner
of the cube from which a virtual picture of the suspended object
was taken. The picture of the suspended object is shown above the
cube in each question. Incorrect answers incur a penalty of 1/6 of a
point, making the possible range of scores -4 to 24. Average scores
reported for this test are: 14.3 in fourth year dentistry students,
and 10.6 in undergraduate students [7,8].

Mental Rotations Test: This test measures spatial ability. The
test requires selection of 3-D objects that are identical in shape to
a reference object but shown in different rotational orientations
(http://spatiallearning.org/index.php/testsainstruments).
This test therefore measures ability to mentally rotate complex
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3-D shapes in order to find a match [10]. The 20-item test is
administered in 2 parts timed at 3 minutes each, for a total of 6
minutes. Participants receive 1 point for each correct answer
and -1 point for each incorrect answer, giving a range of possible
scores from -40 to 40. Average scores described by Vandenberg and
Kuse for undergraduate students are: 19.06 for men and 13.17 for
women [9].

Raven’s Advanced Progressive Matrices Test, short form:
This test measures non-verbal general visual reasoning ability
(visual reasoning). This 12-question, 12-minute test is a sub-set
of the original full-length Raven’s Advanced Progressive Matrices
Test, which was validated by Bors & Stokes [10]. The test requires
correct identification of the missing pattern in a complex design
of patterns or diagrams, from a set of 8 choices. Students are not
penalized for guessing, such that scores fall between 0 and 12. Bors
& Stokes [10] reported an overall mean score for this test of 7.39 in
university students [10].

Anatomy in biomedical education and spatial/visual
reasoning ability

Anatomical learning has been suggested as a possible factor for
improvement of spatial and general non-verbal reasoning abilities
in medical students and academics. A study by Fernandez et al.
[11] divided a group of clinical anatomists by anatomic skill level
as experts, intermediates, novices, and unexposed controls. Spatial
testing revealed that those ranked as either anatomy experts or
intermediates had higher spatial visualization skills than did the
anatomy novices. Further, the anatomy experts, intermediates and
novices all tested higher than controls in terms of their speed of
response for making correct spatial judgments [11].

Studies by Lufler et al. [12] found that medical students
experienced significant visual spatial benefits during participation
in the medical gross anatomy courses in the medical program [12].
Similarly, dental education appears to enhance performance of
spatial ability tasks that are specific to dentistry, suggesting that
it leads to the development of spatial mental models of relevant
anatomy [8]. Rochford et al. [13] reported that 2nd year medical
students who performed poorly on a group of spatial ability tests,
also scored significantly lower on practical anatomy examinations
[13]. A study by Lufler et al. [12] proposed mental rotation tests
to identify students with low spatial ability and provide extra
resources and tutoring for their success in anatomy [12].

The use of the Purdue visualization of rotations test has revealed
interesting findings in the veterinary medical field. Provo et al. [14]
made use of this test and found a significant correlation between
spatial ability scores and 1st-year veterinary student performance
on canine anatomy examinations. These authors suggested that
students with low spatial ability may be at increased academic
risk in anatomy [14]. Studies by Gutierrez et al. [15] revealed that
first-year veterinary medical students showed significant increases
in spatial/visual reasoning abilities. The authors concluded that
veterinary medical students exposed to an integrated curriculum
for 32 weeks improved their spatial visualization ability as
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measured by mental rotation and Guay’s visualization of views
tests. The same students improved their visual reasoning ability
as measured by the Raven’s advanced progressive matrices test,
short form [15]. In a different report, Gutierrez et al. [16] described
a dispersion and inconsistency of significant positive correlation
between anatomy grade and spatial and visual reasoning scores
suggesting these abilities may not correlate with grade or are
overcome with progression through the anatomy courses. In the
same report the authors found a significant difference by gender
in favor of males in entry-level spatial ability scores but not for
non-verbal general reasoning scores [16]. Regarding gender,
Vorstenbosh et al. [5] reported a significant difference between
male and female medical students in spatial ability tests. However,
the males did not improve in testing with time, and, when males
were excluded from the analysis, the female-only group scores
significantly improved [5]. Similar differences by sex have been
reported in non-medical students [17]. Studies by Provo et al. [14]
revealed that male veterinary students initially had higher spatial
skill scores than did females, however spatial skills were equal after
8 months of the study [14].

Some researchers are inclined to believe that androgen
hormonal changes in puberty or, even before puberty, may be
responsible for the gender differences in test performance. However,
other researchers believe the changes emerge prior to adolescence
[18,19]. Studies by Grimshaw et al. [20] examined the relationship
between prenatal testosterone and spatial play experiences and
mental rotation performance in children. The authors support the
hypotheses that testosterone may act in the fetal brain to influence
the development of spatial ability [20].

Conclusion

Gross anatomy is a discipline that requires the ability to
visualize multiple cadaveric planes and allows the training of
topographic orientation. This type of training may increase spatial
and general non-verbal reasoning abilities in biomedical sciences
education.
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