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Abstract

Objectives: The aim of this study was to examine the relationship between the spatial abilities of medical school students
and their learning in anatomy.

Methods: The spatial abilities of the 120 students (74 females, 46 males) were examined using Mental Rotation Test (MRT). The
relationship between the mental rotation scores and the mean scores of their practical and theoretical anatomy examinations
was determined in terms of gender.

Results: The study revealed that mental rotation skills of female participants were lower than males; however, there was no sig-
nificant difference in their exam (theoretical and practical anatomy examinations) scores in terms of gender. The spatial ability of
the students had a low level significant effect on their anatomy scores, regarding practical applications.

Conclusion: The results of the study revealed a significant relationship between students’ spatial ability and their success in
practical anatomy examinations. This suggests that improving spatial ability skills may have a significant contribution to prac-

tical anatomy learning and may be considered as a part of anatomy education.
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Introduction

Anatomy education has progressed to a great extent since
blackboards were used in classrooms and anatomic draw-
ings were made by hand. With time, the use of two (2D)
or three-dimensional (3D) objects representing the geo-
metric structure of the human anatomy became wide-
spread. Researchers on teaching anatomy have revealed
that visualization of 2D and 3D materials in anatomy
education makes it easier for students to understand the
information they have learned and to transform this
information to explicit mental images."” This has
increased the significance of spatial abilities in anatomy
education.

Spatial thinking ability, which is defined as the abili-
ty of creating, retaining, organizing and rotating well-
structured visual shapes is among the basic skills required
for individuals to sustain their daily lives.*” Researchers
argue that spatial ability is an inherent trait and can later

be developed through experience just like other abilities
such as learning another language.”” The ability to men-
tally manipulate objects not only has an important place
in daily life, but also in the practice of many clinical spe-
cialties such as dentistry”” and internal medicine.”™” The
research studies point out that there is a close relation-
ship between students’ mental rotation skills and anato-
my learning in medical education." ™ This relationship
is plausible since anatomy education has a fundamental
place in medical education and it is a discipline requiring
mental manipulation of visual objects."” In anatomy edu-
cation, it is observed that spatial abilities become promi-
nent while students perform a spatial task. Accordingly,
students with high spatial abilities make fewer mistakes
and they are more successful in performing this type of
actions as opposed to students with low spatial abili-
ties.""”

An examination of systematic review and meta-analy-
sis studies in the literature on spatial abilities in both
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anatomy education and different disciplines suggests that
there is a significant difference in terms of gender."” The
relationship between skill in gaining theoretical anatomy
knowledge and spatial ability was also explored by previ-
ous studies.""*" These studies put forth that the level of
anatomy learning skill of students is directly related with
their spatial adaptation skills. The aim of the current
study was to identify the level of spatial abilities of med-
ical students in Turkey and reveal its relationship with
their progress in learning anatomy. The level of spatial
skills of students and progress in learning anatomy are
examined in terms of gender.

Materials and Methods

This study was approved by the Social Sciences and
Humanities Research Ethics Committee of Necmettin
Erbakan University (Approval number: 2016/6) and car-
ried out on Ist grade students attending to Necmettin
Erbakan University Meram Medical Faculty during 2017.
The data were collected at the end of the first committee
in which the students participated in practical anatomy
lectures. Mental Rotation Test (MRT) was used to evalu-
ate the spatial ability of the students. Mental rotation abil-
ity is based on the ability to mentally rotate two and three
dimensional objects quickly and accurately.””

MRT is originally developed by Vandenberg and
Kuse” and adapted to Turkish by Yildiz and Tiiziin.”*"
This test involves 24 questions. In each question, the stu-
dents are expected to find the counterparts (2 pieces) of a
3D item that are rotated in different directions and angles
(Figure 1). The successful application of this action
depends on the student’s ability to mentally visualize dif-
ferent views of the shapes. When the students mark both
shapes correctly, they get 1 point (correct), and when they
mark only one correct shape, they get 0 point (wrong).
Twenty minutes were allocated to finish this test.

A theoretical examination was applied to the students
at the end of the third committee of 1st semester. They
were asked to answer 86 questions within 105 minutes.

Eleven of these questions included anatomy questions.
The questions involved subjects on bones of upper and
lower extremity, bones of thoracic cage and vertebral col-
umn. The questions were in multiple choice format and
the responses were marked on the optical forms. In the
practical examination the students were expected to
answer 16 questions. In the examination setting, there
were eight tables in total and each table included two ques-
tions. Students were given 25 seconds for each table and a
bell warned the students for the end of the allocated time.
On the answer sheet, the students were asked to write the
name of the anatomic structure tagged on the bone. The
students changed tables when the bell rang and after com-
pleting all the tables, the students gave their answer sheet
to the instructor. Each correct answer was scored as 0.5
points and the maximum score was 8.

The analyses were performed on the data of the partic-
ipants who had data for both examinations and had no
missing data in the results of MRT. The study was con-
ducted on 120 students (74 females and 46 males).
Participants were briefly informed about the study and
consent was obtained prior to the study.

Results

The descriptive statistics regarding the MRT scores and
practical and theoretical exam scores of the students were
shown in Table 1. The MRT scores and practical and the-
oretical exam scores of the according to the gender were
shown in Table 2.

Table 1
Descriptive statistics of students’ anatomy examination and mental
rotation test scores.

Score n MeanxSD
Theoretical anatomy exam score 120 10.2+1.48
Practical anatomy exam score 120 5.6+1.43
Mental rotation test score 120 15.1+1.38

Figure 1. Sample item from the mental rotation test.
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Table 2
Examination of students’ anatomy and mental rotation test scores according to the gender.

Scores Gender n Mean=SD t-value p-value Effect size

Theoretical anatomy exam score Female 74 10.1+£1.46 8 41
Male 46 10.3+1.52 ' '

Practical anatomy exam score Female 74 5.5+1.46 38 8
Male 46 5.8+1.38 ' '

M | i F | 74 14.2+3.71

ental rotation test score emale +3 o 001 0.66

Male 46 16.6+3.47

The results showed no statistically significant difference
between the females and males regarding their theoretical
and practical anatomy exam scores (p>0.05). However, the
MRT scores of males were significantly higher in males
than females (p<0.05). Effect size value was also calculated
to see the difference clearly and distinctly.”” Effect size
value for the difference in MRT was 0.66 (Cohen’s d).
Considering the cut-off values of effect size,””
argued that this difference had a medium level effect. It can
be suggested that male students were ahead of female stu-
dents by 0.66 standard deviation in MRT.

"The relationships of the theoretical and practical anato-
my exam scores of the students with their MRT scores
were evaluated by Pearson correlation test. The results
were given in Table 3.

it can be

The results revealed that there was a medium level (.40)
significant reladonship between theoretical and practical
anatomy scores (p<0.05). Besides, there was a low level, but
insignificant correlation between theoretical anatomy
scores and MRT scores of the students (p>0.05). There was
a low level significant correlation coefficient between MRT
scores and practical anatomy scores (.18) (p<0.05). The cor-
relatons regarding MRT suggest that evaluations requir-

ing practical applications had a more distinct relationship
with mental rotation ability as opposed to theoretical eval-
uations.

Discussion

The results of the current study revealed that there was a
significant difference in the MRT scores of the medical
faculty students in terms of gender; however, there was no
significant difference in the evaluations with respect to
their theoretical anatomy and practical anatomy scores.
Gonzales et al.” reported that the anatomy scores of the
students in pre and post applications didn’t show a signifi-
cant difference in terms of gender. In another study by
Sagoo et al.,”” it was found out that item difficulty had a
predictive effect on exam scores of the students. But fac-
tors such as gender or the type of the question (whether
the questions were asked in a clinical scenario or whether
there were visuals in the questions or not) were suggested
not to have an effect on the exam scores.” Similarly, the
effect of gender was not detected in the scores of tradi-
tional and online examinations.” In limited studies, a sig-
nificant difference in terms of gender was found in scores
of students.””” In these studies, the difference found in

Table 3
The relationships of the students’ theoretical and practical anatomy examination scores with their mental rotation test scores
by Pearson correlation test.

Theoretical anatomy Practical anatomy Mental rotation
exam scores exam scores test scores

Theoretical anatomy scores Pearson Correlation 1

Sig. (2-tailed) -
Practical anatomy scores Pearson Correlation .397* 1

Sig. (2-tailed) .000 -
Mental rotation test Pearson Correlation 144 188t 1

Sig. (2-tailed) 117 .04 -

*p<0.01; Tp<0.05.
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practical applications in favor of women and this was relat-
ed with the learning strategies that were used by female
participants."””*" Although the difference in terms of gen-
der in learning anatomy is not distinctive to a great extent,
it can be suggested that it has a partial effect on the meth-
ods chosen by the students. Furthermore, students’
approaches to learning were also found to be important in
these studies;”™ therefore, individual learning preferences
should also be considered rather than addressing solely the
differences in terms of gender.

The difference in terms of gender observed in this
study with regard to spatial abilities were also observed in
various disciplines including cognitive psychology,™
erinary medicine,”” physiology,™
"The variable of gender is also considered as a significant
variable to account for the differences in mental rotation

vet-

14,19,39,40
and anatomy."""""

skills.”*”** Tn a review examining 40 studies on mental
rotation abilities on different disciplines, average effect size
regarding gender was calculated as 0.57 (Hedge’s g).”"
These results are in line with the effect size regarding gen-
der calculated in the present study. Previous studies report
different effect sizes in terms of gender regarding spatial
abilities. This difference was attributed to different instru-
ments used in the measurement of spatial skills."" In
another meta-analysis on the instruments measuring dif-
ferent aspects of spatial skills, a medium level effect in
favor of male participants was found."”’

In an interventional research on spatial abilities in
anatomy, although there was a significant increase
between pre and post-tests of both (experimental vs con-
trol) groups, there was not a significant difference between
the mean final scores of both groups regarding spatial abil-
ities. In both groups, it was revealed that the spatial abili-
ties of female participants were significantly lower than
males, both before and after the application, and there was
not a significant relationship between theoretical anatomy
scores and spatial abilities of students in the experimental
group.”” Based on this application, it can be understood
that the training for spatial abilities does not make a dif-
ference in such a short span of time, and it does not also
contribute to scores of exams testing theoretical knowl-
edge. The anatomy course has a structure in which practi-
cal applications are at the forefront. In the light of previ-
ous studies, it was seen that there was a relationship
between MRT and practical examination scores but there
was not a significant relationship between MRT and theo-
retical examination scores.*’ In addition to this, some
studies reported no relationship”*' or weak relationship
between spatial ability of the students and their success in
anatomy.
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Previous studies suggest that there was a low level rela-
tionship between spatial ability and success in anatomy
examinations composed of only multiple choice questions
but not dissection or practical examinations.” However
some other studies revealed no relationship between the
theoretical anatomy knowledge of the students and their
spatial or mental rotation abilities.""* However, Hoyek et
al”! reported a strong relationship between success in
anatomy and spatial abilities of the students. In majority of
these studies, there were practical applications. Some of
these studies suggested the correlation between practical
examination (such as dissection) and mental rotation abili-
ty scores of students as the contribution of the practices in
anatomy education to mental rotation abilities."**" Stll,
some other studies interpret this difference in practical
applications as the contribution of different mental rota-
tion abilities to learning.” In a systematic review, the cor-
relation between the mental rotation abilities of students
was noted to be significantly different in comparison with
practical and theoretical evaluations.”’ The correlation
between mental rotation abilities and practical evaluations
was found statistically significant, though at a low level
(r=0.19, p<0.05) in the present study.

Conclusion

The results of the previous studies”**' and the present
study suggest that the spatial abilities of the students are
related with their success in learning anatomy, particu-
larly in laboratory practice. This result puts forth that
the elements supporting spatial ability of students in
practical anatomy education will ease the learning
process. Besides, the correlations between traditional
practical examinations and online multiple choice exam-
inations showed that these examination methods can be
alternative for each other.”” ™ In this respect, it would be
appropriate to train spatial abilities of students to
increase their success in anatomy practices. Regarding
the differences in terms of gender in spatial abilities, use
of appropriate learning strategies developed for males
and females would be helpful in their learning process.
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