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Visual-spatial abilities are considered a successful predictor in anatomy learning. Previous 
research suggest that visual-spatial abilities can be trained, and the magnitude of improve-
ment can be affected by initial levels of spatial skills. This case-control study aimed to 
evaluate (1) the impact of an extra-curricular anatomy dissection course on visual-spatial 
abilities of medical undergraduates and (2) the magnitude of improvement in students with 
initially lower levels of visual-spatial abilities, and (3) whether the choice for the course was 
related to visual-spatial abilities. Course participants (n = 45) and controls (n = 65) were first 
and second-year medical undergraduates who performed a Mental Rotations Test (MRT) 
before and 10 weeks after the course. At baseline, there was no significant difference in 
MRT scores between course participants and controls. At the end of the course, partici-
pants achieved a greater improvement than controls (first-year: ∆6.0 ± 4.1 vs. ∆4.9 ± 3.2; 
ANCOVA, P = 0.019, Cohen’s d = 0.41; second-year: ∆6.5 ± 3.3 vs. ∆6.1 ± 4.0; P = 0.03, 
Cohen’s d = 0.11). Individuals with initially lower scores on the MRT pretest showed the 
largest improvement (∆8.4 ± 2.3 vs. ∆6.8 ± 2.8; P = 0.011, Cohen’s d = 0.61). In summary, 
(1) an anatomy dissection course improved visual-spatial abilities of medical undergradu-
ates; (2) a substantial improvement was observed in individuals with initially lower scores 
on the visual-spatial abilities test indicating a different trajectory of improvement; (3) stu-
dents’ preferences for attending extracurricular anatomy dissection course was not driven 
by visual-spatial abilities. Anat Sci Educ 13: 330–339. © 2019 American Association of Anatomists. 

Key words: gross anatomy education; undergraduate education; visual-spatial abilities; 
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INTRODUCTION
Anatomical education is constantly under pressure despite it 
being considered as one of the cornerstones of medical cur-
ricula. Teaching hours of anatomy have been decreasing over 

time since the shift toward an integrated curriculum (Drake 
et al., 2002, 2009; Bergman et al., 2011). Additionally, ethical 
reasons, the high costs and limited availability of cadavers, and 
the increased time pressure on curricula have led to a decreased 
exposure to traditional cadaveric dissections (Pryde and Black, 
2005; Waterston and Stewart, 2005; Azer and Eizenberg, 2007; 
Drake et al., 2009; Bergman et al., 2013). Although, its edu-
cational value is under debate, dissection classes are found to 
be highly valuable by medical undergraduates, regardless of 
their sex, academic background, or citizenship (McLachlan  
et al., 2004; Azer and Eizenberg, 2007). In their opinion, dissec-
tions deepen their understanding of anatomical structures and 
their spatial relations, make learning interesting and are pre-
ferred over any other educational approach, especially in the 
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first year of the medical program (Azer and Eizenberg, 2007). 
Today, medical undergraduates learn the anatomy mostly from 
two-dimensional (2D) representations of structures in ana-
tomical atlases and textbooks and, consequently, experience 
difficulties to translate the acquired 2D knowledge into prac-
tice (McKeown et al., 2003; Prince et al., 2005; Spielman and 
Oliver, 2005; Bergman et al., 2008).

Visual-Spatial Abilities and Performance in 
Anatomy

How well acquired 2D anatomical knowledge is translated 
into practice depends largely on the visual-spatial abilities 
of students. In the medical anatomical context, it is defined 
as the ability that allows students to construct visual-spa-
tial, e.g. three dimensional (3D), mental representations of 
2D images and to mentally manipulate these representa-
tions (Gordon, 1986; Kozhevnikov and Hegarty, 2001). The 
first studies evaluating the association between visual- 
spatial abilities and anatomy learning have been performed by 
Rochford (1985) and Garg and colleagues (1999a,b; 2002). 
In these studies, visual-spatial abilities have significantly 
affected the learning process of spatial anatomy regardless 
of age, sex, right handedness, or computer use. Since then, 
even more research has been conducted to explore this asso-
ciation. The first comprehensive review of studies has been 
performed by Langlois and colleagues (2017). Their meta- 
analysis has revealed a predictive value of visual-spatial abil-
ities when anatomy is assessed using spatial methods such as 
practical examination, 3D synthesis from 2D views, and draw-
ing of views and cross-sections. As such, visual-spatial abilities 
are considered a successful predictor in anatomy learning and 
assessment (Yammine and Violate, 2015; Langlois et al., 2017). 
In health care professions, visual-spatial abilities are also a suc-
cessful predictor in the acquisition of surgical technical skills, 
especially in the early stages of learning (Maan et al., 2012; 
Langlois et al., 2015a). For instance, Wanzel and colleagues 
(2003) have evaluated the correlation between visual-spatial 
abilities and surgical performance of dental students, surgical 
residents, and staff surgeons in performing a spatially com-
plex surgical procedure. Visual-spatial abilities scores were 
correlated with surgical performance only within the group of 
dental students, suggesting that practice and surgical experience 
may supplant the influence of visual-spatial abilities over time. 
The effect of visual-spatial abilities on performance has also 
been demonstrated in mathematics (Hegarty and Kozhevnikov, 
1999), veterinary education (Provo et al., 2002) and dental 
education (Hegarty et al., 2009).

Visual-Spatial Abilities as a Selection Tool

It is not surprising that visual-spatial abilities have been rec-
ommended to be used not only in the training, but also in the 
selection of surgical residents (Langlois et al., 2015a). A high 
motivation for the surgical specialty would apparently not be 
enough since it does not imply higher visual-spatial abilities 
among candidates. Langlois and colleagues (2015b) have eval-
uated a cohort of 210 medical graduates and did not find any 
relation between visual-spatial abilities and the choice of res-
idency program. Nor did the choice for an elective course of 
applied anatomy depend on the visual-spatial abilities of med-
ical graduates (Langlois et al., 2009). However, the relation 
between visual-spatial abilities and a high interest in anatomy, 

in the very early stages of a medical career, has not yet been 
evaluated.

Malleability of Visual-Spatial Abilities

On the contrary, several studies have suggested that visual- 
spatial abilities can be trained through practice and experience. 
In a meta-analysis, Langlois and colleagues (2020) have found 
evidence for improvement of spatial abilities in anatomy edu-
cation using instruction in anatomy and mental rotation train-
ing. For instance, in a single group study, Lufler and colleagues 
(2012) have reported an improvement of visual-spatial abilities 
of first-year medical undergraduates after participation in a 
gross anatomy course consisting of six dissection sessions. In 
a similar study with a control group of educational sciences 
students, visual-spatial abilities have increased after participa-
tion in the course consisting of lectures, self-study assignments 
including computer-assisted learning (CAL), collaborative 
learning, laboratory with prosected specimens, and body paint-
ing (Vorstenbosch et al., 2013). When an anatomy course was 
combined with a training of mental rotation skills unrelated 
to anatomy, an even higher increase in visual-spatial abilities 
scores has been observed (Hoyek et al., 2009). These were the 
only two studies to date that have included the practice effect 
on spatial abilities test scores in a control group resulting in a 
pooled treatment effect of 0.47 (95% CI [−0.03; 0.97]). The 
pooled treatment effect of single-group studies included in the 
meta-analysis was 0.49 (95% CI [0.17; 0.82], n = 11).

Furthermore, the improvement appears to be present on an 
expert level (Fernandez et al., 2011). It has been found that 
expert clinical anatomists were better in performing metric 
spatial tasks than novices, suggesting that visual-spatial abili-
ties are trained by practice and education. In addition, the dose- 
dependent effect of practice and learning on visual-spatial  
abilities has been found in medical undergraduates after 
attending CAL courses of musculoskeletal and cardiovascular 
anatomy (Guimarães et al., 2019).

The malleability of visual-spatial abilities has been demon-
strated in other disciplines as well, such as science, technology, 
engineering and mathematics (STEM), and veterinary medicine 
(Uttal et al., 2013; Gutierrez et al., 2017). In the meta-analysis  
of Uttal and colleagues (2013), visual-spatial abilities were 
classified as an intrinsic and dynamic spatial skill and were sig-
nificantly affected by training with an overall effect size of 0.49 
(P < 0.01).

Sex Differences and Initial Level of 
Performance

Sex differences in visual-spatial abilities have been repeat-
edly reported in the literature. At baseline, males have often 
achieved higher scores in visual-spatial abilities tests than 
females (Langlois et al., 2013; Uttal et al., 2013; Nguyen  
et al., 2014; Guimarães et al., 2019). This difference has 
been particularly observed in measures of mental rotation 
(Linn and Petersen, 1985; Peters et al., 2006). However, as 
has been demonstrated by several studies and meta-analyses, 
both males and females can achieve comparable magnitude 
of improvement after training (Baenninger and Newcombe, 
1989; Uttal et al., 2013; Nguyen et al., 2014).

Another aspect worthy to mention is the initial level of 
performance of individuals in visual-spatial abilities training. 
A meta-analysis of 187 studies using a screening procedure 
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to identify initially low-performing students has reported 
significantly larger effect of training when compared to 
studies enrolling all participants regardless of initial per-
formance levels (Uttal et al., 2013). These finding suggests 
that low-performing students can achieve a larger magni-
tude of improvement than high-performing students (Uttal 
et al., 2013). Additionally, students and residents with lower 
visual-spatial abilities in a surgical field have been able 
to achieve required levels of knowledge and skills through 
suitable teaching methods and guidance (Wanzel et al.,  
2003; Lufler et al., 2012; Cui et al., 2017; Roach et al., 
2019). Therefore, it might be valuable to consider visual- 
spatial abilities as a tool to identify learners who will bene-
fit most from extra practice and new learning environments 
(Yue, 2015) instead of an absolute selection criterium to guide 
selection of candidates for surgical training programs.

The Erasmus Medical Center Anatomy 
Research Project

The Erasmus MC Anatomy Research Project (EARP) is an 
extracurricular anatomy dissection course at the faculty of 
Medicine, Erasmus University Medical Center Rotterdam, 
The Netherlands. The EARP was set up in 2003 in response 
to reduced teaching volume of anatomy and a limited expo-
sure to dissections. Since then, the course has become a 
unique and fully autonomous peer-to-peer educational model. 
The extracurricular course is organized annually during a 
period of 10 weeks. It takes place in the evening hours and 
does not interfere with the regular medical program. All 
medical undergraduates, from year one to year six of the 
undergraduate program, are invited to apply for one of the 

four parallel programs, each covering a different anatomical 
region: Thorax (for the first-year students), Abdomen (for the 
second-year students), Head & Neck and Urogenital System 
(for the third-, fourth-, fifth-, and sixth-year students), and 
Extremities (for the third-, fourth-, fifth-, and sixth-year stu-
dents). Due to a limited capacity, e.g. six available cadavers, a 
maximum of one hundred students are admitted annually, 24 
students to Thorax, Abdomen and Extremities programs and 
32 students to Head & Neck and Urogenital System program 
(Fig. 1). Student have to apply with a written assignment, e.g. 
about solving a clinical anatomy case. Selection of students 
is based on the highest scoring assignments and performed 
blindly by the EARP committee. After enrollment, students 
attend an instructional lecture and receive the EARP hand-
book with guidelines and detailed explanation of dissection 
of the assigned anatomical region including text and images. 
Subsequently, students start to work toward a complete dis-
section of the anatomical region on the assigned cadaver in a 
group of four students for eight weeks. Two students dissect 
the left part of the region, while the other two students dis-
sect the right part of the region, which ensures equally active 
involvement of all students. Eventually, the same cadaver is 
used by four groups of two students each week, each group 
working on a different anatomical region on a different day 
of the week.
Dissection sessions are supervised by two tutors and four men-
tors who are senior medical undergraduates who previously 
participated in EARP. To ensure the quality of supervision and 
optimal knowledge of anatomy and dissection, all tutors and 
mentors attend a training program which also includes a dis-
section of the assigned anatomical regions. The EARP program 
includes 20-24  hours of dissections, 3-5  hours of interactive 

Figure 1. 

An extra-curricular anatomy dissection course. Students attend eight dissection sessions of three hours each week. EARP, the Erasmus MC Anatomy Research Project; 
H & N, Urog., Head & Neck and Urogenital System.
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lectures and demonstration sessions given by medical special-
ists and an hour of practical and written examinations. The 
latter is composed of questions assessing factual knowledge 
(e.g. naming a muscle’s origin or insertion, innervation, and 
vascularization), spatial knowledge (e.g. the course of nerves 
and vessels in relation to other structures) and clinical decision 
making. The practical examination is composed of two parts: 
identification of as many structures as possible on a specimen 
during three minutes and naming of pin-pointed structures 
marked on a specimen.

Objectives and Aims

In the Netherlands, EARP has been established as a unique 
peer-to-peer educational setting in which spatial anatomy is 
learned hands-on during cadaveric dissections outside the 
regular medical program. This setting provides a unique 
opportunity to evaluate to what extent cadaveric dissection 
has its effect on visual-spatial abilities of medical under-
graduates when compared to a control group consisting of 
non-participating medical undergraduates at the same stages 
of their curricula. In addition, it allows to evaluate a possible 
relation between having a high interest for anatomy and the 
visual-spatial abilities of students in the early phases of their 
medical careers.

Therefore, the aim of this study was to evaluate the impact 
of anatomy dissection course on visual-spatial abilities of 
medical undergraduates, and the magnitude of improvement 
in individuals with initially lower levels of visual-spatial abili-
ties. Additionally, the present study aimed to evaluate whether 
the choice to apply for an extracurricular anatomy dissection 
course was related to the visual-spatial abilities of students. 
The authors hypothesized that individuals with higher levels 
of visual-spatial abilities are more likely to apply, that visual- 
spatial abilities will improve after an anatomy dissection 
course, and the improvement will be larger in individuals with 
initially lower levels of visual-spatial abilities.

MATERIALS AND METHODS
Study Design

A prospective case control-study was carried out at the Erasmus 
University Medical Center Rotterdam, the Netherlands. In 
general, a case-control study is efficient in evaluating associa-
tions between rare exposures and outcomes (Song and Chung, 
2010). Since only 24 out of 400 students from each academic 
year participate in the EARP program, this study design was 
most suitable to answer the research questions. The study was 
approved by the course coordinator and the director of med-
ical educational program and was considered exempt from 
formal assessment by the local ethical assessment committee 
(METC) of Erasmus University Medical Center Rotterdam 
(case number: CME-2019-0077).

Participants

Cases were defined as first-year and second-year medical 
undergraduates who were admitted to the EARP Thorax and 
Abdomen programs, respectively. Course participants, or 
cases, were identified through the attendance list of the pro-
grams. Controls were defined as first-year and second-year 
medical undergraduates who did not apply for the course and 
were matched for academic year and sex. Students who did 

apply for the course, but were not selected, were excluded. 
For each course participant, a maximum of two controls were 
identified and approached during the regular lectures at the 
faculty with the request to participate. A 1 case : 2 control 
ratio was chosen since little is gained in terms of statistical 
power by including more than two controls for each case 
(Lewallen and Courtright, 1998).

Measurement of Spatial Abilities

Visual-spatial abilities were assessed by the Mental Rotations 
Test (MRT), previously validated by Vandenberg and Kuse 
(1978) which was based on rotated blocks of Shepard and 
Metzler (1971) and redrawn by Peters and colleagues (1995). 
This psychometric test is widely used in the assessment of visu-
al-spatial abilities and has repeatedly showed a positive asso-
ciation with anatomy learning and assessment (Langlois et al., 
2017). The test consists of a standard set of 24 items. Within 
each item, a three-dimensional (3D) figure is presented as a 
2D drawing with four possible rotated versions of that figure. 
Subjects have to make a mental 3D representation and rotation 
of the figure in order to identify the two correct options. One 
point per item was awarded if both selected options were iden-
tified correctly. The maximum score on this test was 24 points.

A testing effect has been previously reported after repeated 
administration of the MRT (Hoyek et al., 2009; Martín-
Gutierrez et al., 2013; Vorstenbosch et al., 2013; Nguyen  
et al., 2014). In an attempt to minimize the testing effect, two 
versions of the MRT were used. The MRT, used as a pretest, 
included the original set of 24 items. In the MRT, used as a 
posttest, the same 24 items were rearranged in a different ran-
dom order.

Procedures

Participation was voluntary, and an informed written con-
sent was obtained by all participants before study. A short 
pre-questionnaire was used to gather information on age, 
sex, participation in EARP Thorax program in the first 
year (only applicable for second-year students) and prior or 
current participation in an academic program other than 
Medicine. A paper-and-pencil MRT pretest was adminis-
trated to course participants prior to the start of their first 
dissecting session. The MRT posttest test was performed 
after 10  weeks on the day of their examination. Controls 
simultaneously completed the MRT pretest and posttest in a 
lecture hall. All students were given 10 minutes to complete 
the test without a break.

Statistical Analysis

Descriptive statistics were used to summarize participants’ 
baseline characteristics. Discrete variables were described as 
absolute frequencies (N) and percentages (%), and continuous 
variables as mean and standard deviation (SD). The differences 
in baseline characteristics were assessed with chi-squared test 
for differences in proportions and independent t-test for dif-
ferences in means. The MRT scores were measured on a con-
tinuous scale and reported in terms of means and standard 
deviations. The differences in MRT pretest scores between 
course participants and controls were assessed with an inde-
pendent t-test for normal distributions and Mann-Whitney 
test for non-parametric distributions. The differences in mean 
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improvement in MRT scores (∆MRT) were assessed with a 
one-way ANCOVA. The mean improvement was included as 
a dependent variable, the EARP participation as a fixed factor 
and the absolute MRT pre-test score as a covariate. All analy-
ses were adjusted for age, sex, participation in EARP Thorax 
program in the first year (only applicable for second-year 
students) and prior or current participation in an academic 
program other than Medicine. Additionally, the analysis was 
repeated for MRT-low (individuals who scored below the 
mean on the MRT pretest) and MRT-high (individuals who 
scored above the mean on the MRT pretest) groups separately 
with adjustment for academic year. Correlation between 
MRT pretest scores and mean improvement was assessed with 
Pearson correlation coefficient. The effect size (Cohen’s d) of 
the differences in MRT improvement between groups was cal-
culated using the mean scores and standard deviations of both 
groups (Cohen, 1988). All analyses were performed using 
SPSS statistical software package version 23.0 for Windows 
(IBM Corp., Armonk, NY). Statistical significance was deter-
mined at the level of P < 0.05.

RESULTS
All course participants enrolled in the EARP Thorax and 
Abdomen programs participated in the study. For the 24 EARP 
Thorax participants a total of 44 controls were identified. For 
the 24 EARP Abdomen participants a total of 22 controls were 
identified. Four subjects were excluded from the analysis due to 
the following reasons: one participant selected only one correct 
option in the MRT pretest instead of two; two course partici-
pants did not complete the MRT posttest due to their absence 
on the EARP examination day; one control was a significant 
outlier and was removed from the analysis since a significant 

outlier violates one of the required assumptions for performing 
a one-way ANCOVA and may reduce the validity of results.

Baseline Characteristics

No significant difference was found between course partic-
ipants and controls in terms of age, sex and participation in 
an academic program other than Medicine (Table 1). The 
observed high ratio of females in both groups represents 
the average ratio of males and females in the current under-
graduate medical curriculum in the Netherlands, which is 
approximately 30%:70%. The only significant difference 
was observed among second-year students in numbers of 
students who participated in the EARP Thorax program in 
the first year (nine students in the course participant group 
versus zero students in the control group, P = 0.001). The 
MRT pretest scores of these 9 students were not significantly 
different from the scores of the other 14 course participants 
(10.9 ± 4.3 vs. 12.3 ± 6.4, P = 0.272).

Improvement in Mental Rotations Test Scores

As shown in Figure 2, no significant difference in MRT pretest 
scores was found between the course participants and controls 
(first-year: 14.6 ± 5.5 vs. 13.8 ± 5.9; P = 0.411; second-year: 
11.8  ±  5.1 vs. 11.5  ±  5.2; P  =  0.856). After 10  weeks, the 
MRT scores were significantly improved in both the groups. 
However, the mean improvement (∆MRT) among course par-
ticipants was significantly higher than the controls (first-year: 
∆6.0  ±  4.1 vs. ∆4.9  ±  3.2; F(1,56)  =  5.8, P  =  0.019, Cohen’s 
d = 0.31; second-year: ∆6.5 ± 3.3 vs. ∆6.1 ± 4.0; F(1,36) = 2.7, 
P = 0.03, Cohen’s d = 0.11) (Fig. 2). Higher MRT pretest scores 
were associated with less improvement in both academic years 

Table 1. 

Baseline Characteristics of Study Participants

Characteristics Course participants Controls P-value

First year n = 22 n = 43

Age, mean (±SD) 19.3 (±1.4) 18.7 (±1.0) 0.587

Sex

Male, n (%)
Female, n (%)

8 (27.3)
16 (72.7)

9 (20.9)
34 (79.1)

0.569

Participation in an academic program other than Medicine, n (%) 4 (18.2) 2 (4.7) 0.084

Second year n = 23 n = 22

Age, mean (±SD) 19.4 (±4.4) 19.8 (±1.1) 0.546

Sex

Male, n (%)
Female, n (%)

6 (26.1)
17 (73.9)

5 (22.7)
17 (77.3)

0.799

Participation in an academic program other than Medicine, n (%) 1 (4.3) 4 (18.2) 0.187

Participated in EARP Thorax program in the first year, n (%) 9 (39.1) 0 (0) 0.001

n, number of students; ±SD, ±Standard Deviation; EARP, Erasmus MC Anatomy Research Project.
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(first-year: β = −0.9; 95% CI [−1.3; −0.3], P = 0.0001; second 
year: β = −0.3; 95% CI [−0.52; −0.14], P = 0.001). Additionally, 
among second-year students, previous participation in EARP 
was negatively associated with the mean improvement in MRT 
scores (β = −3.9; 95% CI [−1.16; −6.68], P = 0.07). Sex, age, 
and participation in an academic program other than Medicine 
were not significantly associated with the improvement.

Improvement in Students with Initially Lower 
Mental Rotations Test Scores

As shown in Figure 3, when the analysis was repeated for 
individuals who scored below and above average on the 
MRT pretest (e.g. MRT-low and MRT-high groups) sepa-
rately, the improvement in MRT scores was only present in 
the MRT-low group with a much larger effect size (MRT-low 
group: ∆8.4 ± 2.3 vs. ∆6.8 ± 2.8; F(1,50) = 6.916, P = 0.011, 
Cohen’s d = 0.61; MRT-high group: ∆3.8 ± 3.3 vs. ∆3.6 ± 2.7; 
F(1,45) = 1.253, P = 0.269, Cohen’s d = 0.06).

Additionally, as shown in Figure 4, the negative association 
between MRT pretest scores and mean improvement in MRT 
scores was no longer present. Instead, course participants in the 
MRT-low group showed a positive correlation between MRT 
pretest scores and mean improvement (r = 0.350, P = 0.093). 
In the MRT-high group, however, around 55% (R2 = 0.55) of 
the total variation in MRT posttest scores could be explained 
by the MRT pretest scores. There was a moderate negative cor-
relation between mean improvement and MRT pretest scores 
in course participants (r  =  −0.68, P  =  0.001) and controls 
(r = −0.76, P = 0.001).

Sex Differences

Males significantly outperformed females on the MRT pretest 
(15.2 ± 5.8 vs. 12.5 ± 5.3, P = 0.034) and on the MRT posttest 

(20.2 ± 4.1 vs. 18.4 ± 4.2; P  =  0.038). However, there was 
no significant difference in the mean improvement (∆MRT) 
between males and females (∆5.04  ±  4.0 vs. ∆5.9  ±  3.2; 
F(1,100)  =  0.371, P  =  0.962). Additionally, the percentage of 
females in the MTR-low group did not differ significantly 
from the percentage in the MRT-high group (84.2% vs. 
70.0%, χ2 = 3.091, P = 0.079).

DISCUSSION
This case-control study was performed to evaluate the impact 
of an extra-curricular anatomy dissection course on the visual- 
spatial abilities of medical undergraduates and to evaluate 
whether the choice for this course was related to the initial level 
of their visual-spatial abilities. Furthermore, a control group 
composed of medical undergraduates was included which 
enhances the internal and external validity of the results. The 
study resulted in the following findings and observations.

First, the results of this experimental study showed a sig-
nificant improvement of visual-spatial abilities, as measured 
by the Mental Rotations Test, after completing eight sessions 
of cadaveric dissections. The observed effect sizes (first-year: 
d = 0.31; second-year: d = 0.11) indicate that a repeated practice 
of dissection had a small to medium effect on the visual-spatial 
abilities of students. This effect was much smaller than the one 
observed by Lufler and colleagues (2012) (d = 1.02) after a dis-
section course when no control group was included (Langlois  
et al., 2020). The difference in effect sizes can be attributed 
to the testing effect. This effect occurs after repeated admin-
istration of the MRT which provides students the chance to 
train their spatial skills by doing the test (Peters et al., 1995; 
Geiser et al., 2006; Hegarty et al., 2009). This practice effect 
in the current study was reflected by a significant improvement 
of the MRT scores among controls. A similar effect has also 
been observed by Vorstensbosch and colleagues by including 
a control group composed of students of educational sciences 

Figure 2. 

Differences in performance on Mental Rotations Test (MRT) pretest and MRT posttest between course participants [first year: the Erasmus MC Anatomy Research 
Project (EARP) Thorax program, second year: EARP Abdomen program) and controls. Performances are reported in mean scores. Error bars represent standard 
deviation; aP < 0.05; n.s., not significant; MRT, Mental Rotations Test.
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(Vorstensbosch et al., 2013). A control group is, therefore, 
essential for the assessment of the course-related improvement. 
Additionally, a control group composed of the identical source 
population, e.g. medical undergraduates from the same aca-
demic years, eliminate possible differences in baseline charac-
teristics, such as high school profiles, intellectual interest and 
hobbies, that can influence visual-spatial abilities.

The improvement in visual-spatial abilities scores may be 
attributed to active involvement in dissection of a 3D cadaver 
accompanied with studying 2D representations from the EARP 
handbook. Additionally, students are constantly challenged by 
mental visualization of anatomical structures and understand-
ing of their spatial relations in order to perform the dissection 
in the best and most efficient way. Further research is needed to 
determine which components of cadaveric dissection contrib-
ute most to the improvement in visual-spatial abilities, and to 
what extent this effect will remain present. In the current study, 
nine second-year course participants, participated in the EARP 
Thorax program in the previous year. They did not perform 
better on the MRT pretest test than the 14 course participants, 
who participated in the EARP course for the first time. This 
may suggest that the acquired level of visual-spatial abilities 
might not be long lasting. However, this sample was too small 
to draw that conclusion.

Second, when the results were analyzed for individuals with 
initially lower MRT pretest scores only, a much larger effect 
size (d = 0.61) was observed. Individuals with initially higher 
MRT pretest scores did not show any improvement. Instead, the 
MRT pretest scores were negatively associated with the mean 
improvement. These findings may reflect an aptitude-treatment 
effect of visual-spatial abilities, i.e. low-performing individ-
uals are having a different trajectory of improvement than 
high-performing individuals (Cook, 2005). That visual-spatial 
abilities may cause an aptitude-treatment interaction has been 
illustrated earlier by Cui and colleagues (2017). After learn-
ing with monoscopic 3D images, students with lower visual- 
spatial abilities scores performed significantly worse than 
students with higher visual-spatial abilities scores. While after 

learning with a stereoscopic 3D model, these students per-
formed significantly better and equally well as students with 
higher visual-spatial abilities scores. Similar effects have been 
reported by Garg and colleagues (1999b; 2002) where students 
with lower visual-spatial abilities had significant disadvantages 
by learning anatomy with multiple view presentations, while 
students with higher visual-spatial abilities performed better 
with these types of presentations (Garg et al., 1999b, 2002). 
The observed phenomenon in this study, however, may also be 
attributed to the ceiling effect in the MRT test. This effect is 
addressed further in the limitation section.

Third, the choice for an extracurricular anatomy dissection 
course, in this study, did not imply higher levels of visual- 
spatial abilities of medical undergraduates. These findings 
support previous research on spatial abilities and the choice 
for an elective course of applied anatomy (Langlois et al., 
2009) or personal preference for a surgical specialty (Langlois 
et al., 2015b). In both situations, personal preferences and 
choices among postgraduates were not reported to be asso-
ciated with the individual visual-spatial abilities. It is inter-
esting to note that the choice for medical careers in the first 
place may imply higher visual-spatial abilities among medical 
undergraduates. When compared to students of educational 
sciences, medical undergraduates had higher mean visual-spa-
tial abilities (Vorstenbosch et al., 2013). Similar differences 
were observed between dental and psychology students 
(Hegarty et al., 2009).

Lastly, the observed sex differences in this study were in line 
with the previous research. Despite having initially lower scores 
on the MRT test, females were still able to achieve similar mag-
nitudes of improvement as males after training (Baenninger 
and Newcombe, 1989; Langlois et al., 2013; Uttal et al., 2013; 
Nguyen et al., 2014; Guimarães et al., 2019). Additionally, in 
this study, the percentage of females in the MRT-low group 
was not significantly lower than in the MRT-high group, as 
could be expected. These findings suggest that the individual 
approach is preferable, since a particular male may have lower 
visual-spatial abilities than a particular female.

Figure 3. 

Differences in performance on Mental Rotations Test (MRT) pretest and MRT posttest between course participants and controls in the MRT-low and MRT-high groups 
of first- and second-year medical undergraduates. Performances are reported in mean scores. Error bars represent standard deviation; aP < 0.05; n.s., not significant; 
MRT, Mental Rotations Test.
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Future Directions

The findings of this study underline the importance of ana-
tomical education in the light of visual-spatial abilities training. 
The positive effect of anatomical education on visual-spatial 
abilities, which in turn facilitates learning and retention of 
anatomical knowledge, indicates that these two can reinforce 
one another. Additionally, Roach and colleagues have demon-
strated that an early guidance and instruction can improve 
low-performing students’ strategies for spatial problem-solving 
(Roach et al., 2017a,b; 2019). This can be of a great impor-
tance for low-performing individuals and have implications for 
individualized approaches in the current curricula.

The role of augmented and virtual reality in anatomical 
education is promising and is currently addressed in ever more 
research. In the fields of engineering and technology, research 
has shown that training in augmented and virtual reality can 

improve various components of spatial abilities, such as visual-
ization, rotation, and orientation (Hegarty et al., 2009; Hoyek 
et al., 2009; Martín-Gutierrez et al., 2013; Roca-González  
et al., 2017). Stereoscopic 3D visualization technologies may, 
therefore, serve as valuable additional tools to include spatial 
reasoning training in an anatomical context next to traditional 
ways of learning (Wainman et al., 2018).

Limitations of the Study

A case control study is relatively quick and efficient in evaluat-
ing associations between rare exposures and outcomes (Song 
and Chung, 2010). Since only 24 out of 400 students partici-
pate in the extracurricular anatomy dissection course in each 
academic year, the numbers of participants were restricted. 
Since this study design requires comparatively few subjects, it 

Figure 4. 

Relationship between Mental Rotations Test (MRT) pretest scores and mean improvement in the MRT scores. A regression analysis graph illustrating the relationship 
between initially low and high levels of visual-spatial abilities and mean improvement among course participants and controls. MRT, Mental Rotations Test.
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allowed to omit recruitment of the entire first and second-year 
cohorts. However, a desirable 1:2 case:control ratio among 
second-year students was not achieved. To underline the valid-
ity of 1:1 case:control ratio in the main analysis, a post hoc 
analysis among first-year students was performed. After ran-
dom elimination of half of the controls and repeated analysis, 
a significant difference between course participants and con-
trols remained (20.6 vs. 18.5; ANCOVA, F = 4.8, P = 0.034; 
Cohen’s d = 0.09). Consequently, the recruited amount of con-
trols among second-year students was justifiable for the main 
analysis.

Certainly, a case-control study is susceptible to particu-
lar types of biases. Since no randomization was possible in 
this setting, a selection bias should be taken into account 
despite of the recruitment of the controls from the identi-
cal source population. Controls were recruited in the lecture 
hall and only part of them was willing to participate in the 
study. They could have been less motivated to do their best 
on the MRT test than the course participants who were usu-
ally highly motivated and were more willing to perform best 
on such a test. This could have partially accounted for the 
less improvement in the MRT scores among controls. Other 
possible confounders, which were not included, were gam-
ing experience and performance on anatomy in the current 
curriculum. Both have been associated with a better perfor-
mance in visual-spatial abilities tests before (Terlecki 2008; 
Uttal et al., 2013).

The MRT pretest scores were negatively associated with the 
mean improvement, especially in the MRT-high group. This 
association may reflect an aptitude-treatment interaction, but 
a ceiling effect cannot be ruled out. Ceiling effect occurs when 
more than 15% of the participants reach the highest possible 
scores of a test (Lim et al., 2015). In this study, 13% of the 
participants reached the highest possible score of 24 points. 
Therefore, a ceiling effect was not likely but cannot be ruled 
out completely. To avoid a possible ceiling effect in the future, 
a more difficult set of items in the MRT could be used allowing 
high-performing students achieve a much greater improvement. 
The association could also be attributed the statistical feature 
“regression to the mean”, i.e. since high-performing students 
structurally score higher on the pretest, they are more likely to 
score lower on a repeated test.

CONCLUSIONS
This study showed that the visual-spatial abilities scores of 
medical undergraduates improved after anatomy dissection. 
Additionally, a substantial improvement was observed in indi-
viduals with initially lower scores on the visual-spatial abili-
ties test. Although a ceiling effect cannot be completely ruled 
out, this can be indicative of a different trajectory of improve-
ment between individuals in this particular study. This possible 
aptitude-treatment effect will need to be evaluated in further 
research and an individualized approach in current curric-
ula could be considered. Finally, the students’ preferences for 
attending the extracurricular anatomy dissection course were 
not driven by visual-spatial abilities.
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