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Three-dimensional Visualization Software Assists Learning 
in Students with Diverse Spatial Intelligence in Medical 
Education
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This study evaluated effect of mental rotation (MR) training on learning outcomes and 
explored effectiveness of teaching via three-dimensional (3D) software among medical stu-
dents with diverse spatial intelligence. Data from n = 67 student volunteers were included. A 
preliminary test was conducted to obtain baseline level of MR competency and was utilized to 
assign participants to two experimental conditions, i.e., trained group (n = 25) and untrained 
group (n = 42). Data on the effectiveness of training were collected to measure participants’ 
speed and accuracy in performing various MR activities. Six weeks later, a large class format 
(LCF) session was conducted for all students using 3D software. The usefulness of technology-
assisted learning at the LCF was evaluated via a pre- and post-test. Students’ feedback regard-
ing MR training and use of 3D software was acquired through questionnaires. MR scores of 
the trainees improved from 25.9±4.6 points to 28.1±4.4 (P = 0.011) while time taken to com-
plete the tasks reduced from 20.9±3.9 to 12.2±4.4 minutes. Males scored higher than females 
in all components (P = 0.016). Further, higher pre- and post-test scores were observed in trained 
(9.0±1.9 and 12.3±1.6) versus untrained group (7.8±1.8; 10.8±1.8). Although mixed-design 
analysis of variance suggested significant difference in their test scores (P < 0.001), both groups 
reported similar trend in improvement by means of 3D software (P = 0.54). Ninety-seven per-
cent of students reported technology-assisted learning as an effective means of instruction and 
found use of 3D software superior to plastic models. Software based on 3D technologies could 
be adopted as an effective teaching pedagogy to support learning across students with diverse 
levels of mental rotation abilities. Anat Sci Educ 0: 1–11. © 2018 American Association of Anatomists. 
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INTRODUCTION
The theory of Multiple Intelligence fragments the domain of 
“intelligence” into several modalities such as linguistic, logical, 

kinesthetic, spatial, musical, naturalist, interpersonal, and 
intrapersonal (Sternberg, 2015). Among these, spatial intelli-
gence refers to the ability to analyze an object in three-dimen-
sional (3D) and draw conclusions from limited information 
(Hegarty, 2010). In day-to-day life, these spatial abilities play 
an important role in the cognitive skills that are used in a 
variety of tasks. Broadly speaking, Uttal and colleagues have 
classified these abilities using a 2 × 2 table with reference to 
combination of two dimensions (2D), i.e., dynamic-static and 
intrinsic-extrinsic (Uttal et al., 2013). The dynamic dimension 
measures competence in making transformations on moving 
stimuli while static dimension assess competences in perceiving 
stationary objects. Within these, dynamic-intrinsic dimension 
deals with the alteration of objects that are not visible to us 
thereby requiring mental transformation. This domain of spa-
tial intelligence is commonly termed as mental rotation (MR) 
ability and has gained momentum in science education over the 
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years, especially in medicine and allied health disciplines (Linn 
and Hyde, 1989).

The term “mental rotation” was first proposed by Shepard 
and Metzler (1971). They observed participants’ ability to 
distinguish two blocks with three-dimensional mirror images 
when rotated in space; the time taken for each response was 
also monitored. They established that response time was pro-
portional to the angular disparity between the two objects and 
concluded that the participant employed their ability to men-
tally rotate objects. What followed this breakthrough revela-
tion was a number of studies into understanding MR ability, 
the factors that can influence it and how could it be improved. 
Later, studies demonstrated that this skill could be enhanced by 
training based on repetitive MR exercises (Parsons, 1987; Kail 
and Park, 1990; Parsons, 1994). Contrary to this, other stud-
ies reported that such exercise did not necessarily improve the 
process of MR itself as they linked the improvement to memo-
rization of the tasks (Tarr and Pinker, 1989). With this impasse, 
newer hypotheses were brought up that manual rotation might 
be linked to MR itself. To date, studies employing neurophysi-
ological and neuroimaging have provided evidence that motor 
and premotor areas of the brain are activated during both exe-
cution of movement as well as mental rotation; suggesting that 
manual rotation training would improve MR skills (Tomasino 
and Gremese, 2016).

The significance of spatial thinking has already been recog-
nized in successful learning of science, technology, engineering, 
and mathematics (STEM). Literature suggests that students’ 
spatial skills can be improved through practice, language, 
gesture, mapping, sketching diagrams, and appropriate use 
of 3D multimedia software (Newcombe, 2010). Within the 
realms of medical education, medical professionals often rely 
on MR ability while performing medical procedures such as 
clinical examination or surgery, as the internal structures of 
the body cannot be directly visualized (Petersson et al., 2009). 
Furthermore, spatial cognition and MR are essential for mak-
ing sense of radiological images that are two-dimensional 
(2D) slices of three-dimensional (3D) objects (Vuchkova et al., 
2011). Therefore, medical and allied health professionals fre-
quently rely on spatial reasoning during their practice. In the 
context of anatomy, the study of the human body is particularly 
linked with the spatial abilities of the medical students (Khalil 
et al., 2005). A study by Parsons (1994) and more recently by 
Petit et al. (2003) report that production of a mental image of 
a body segment requires more time even with no anatomical 
constraints. What makes MR an important skill is the constant 
requirement of students to rotate anatomical structures in dif-
ferent planes so to analyze relations between body structures 
such as muscles, bones, organs, and vasculature (Cui et al., 
2016). These results have been reproduced by other researches 
that report MR as a tool that assisted students while learn-
ing anatomy in different visual planes (Cona et al., 2017; Jang 
et al., 2017). Literature confirms that MR training improves 
students’ performance on anatomy questions requiring spatial 
abilities (Garg et al., 2001). Furthermore, students lacking MR 
ability, rely on memorization of multiple views independent of 
each other that may reduce their efficiency of learning (Hoyek 
et al., 2009).

In line with the global adoption of organ-based teaching 
in pre-clerkship medical education, the majority of the medi-
cal curricula across Pakistan have transformed into the mod-
ular systems integrating the basic science discipline. However, 
adoption of problem-based learning (PBL) into these modules 
has led to time constrains for the delivery of the content of 

anatomy (Memon, 2009). The dearth of literature from our 
region has led to a lack of evidence to support best practices 
in the global south contextual setting (Shahab et al., 2016). 
Currently, at the Aga Khan University, the anatomy curriculum 
has been arranged across seven modules in the first year and six 
modules in the second year during the five years of undergrad-
uate medical education. These details have been summarized in 
Table 1. Overall, the content is delivered through concept-based 
lectures, small group tutorials, dissection demonstrations and 
microscopy laboratories. Resources for teaching gross anatomy 
presently includes plastic models, formalin preserved cadav-
eric specimens, prosection, and plastinated body specimens. 
Although there is enough evidence to support the role of cadav-
eric dissection due to religious, social, and cultural constraints, 
cadaveric dissection is declining in the current setting (Khan et 
al., 2014). Moreover there is no legal framework in countries 
like Pakistan to obtain consented cadaveric material for educa-
tional purposes. In such a scenario, computational technologies 
and plastinated specimens are being procured to provide ample 
exposure of 3D structural knowledge to the medical students. 
In respect to students’ evaluation, their learning is assessed 
throughout the year via multiple choice questions (MCQs), 
short essay questions (SAQs), and computer-based assessment 
at the end of each module. These computer-based assessments 
have recently replaced the traditional “Objective Structured 
Practice Examination” (OSPE). Additionally, end of the year 
examination includes an “Objective Structured Clinical 
Examination” (OSCE) with designated stations for anatomical 
skills, in addition to the MCQs, SAQs and a final viva voce 
(oral) examination.

To overcome the lack of cadaveric dissection (Memon, 
2009; Petersson et al., 2009) and to support the learning of 
anatomy, computational technologies such as 3D visualization 
software are being adopted as they present internal organs 
in a manner those students may clearly visualize their salient 
features while orienting them as per their needs. This leads to 
grasping of the holistic concept of its organization, function as 
well as placement within the body (Rehman et al., 2012; Cui et 
al., 2017). Although, the use of 3D visualization software has 
shown improved students’ performance, there are conflicting 
reports to support their role in assisting students with different 
levels of MR abilities. In fact, studies have even suggested that 
presenting information in multiple orientations as with the case 
of 3D visualization software, it may place a heavier load on the 
individual’s ability to rotate the structure acutely especially for 
those with relatively poorer spatial ability (Garg et al., 2002). 
Therefore, this study aimed to explore the efficacy of mental 
rotation training on the learning activities of undergraduate 
medical students. In addition, it assessed the effectiveness of 
teaching functional anatomy via 3D visualization software. It 
was hypothesized that while learning with the assistance of 3D 
visualization software, students with diverse mental rotation 
abilities may equally benefit.

MATERIAL AND METHODS
Study Design and Student Recruitment

This experimental study was designed to assess the impact 
of teaching via 3D visualization software in first year under-
graduate medical students. In addition, MR training was pro-
vided as an intervention to the cases. The study was conducted 
at the Aga Khan University, Karachi Campus during 2016. 
After approval from the institutional Ethical Review Board 
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(4021-BBS-ERC-16), The Aga Khan Medical College offers a 
five-year Bachelor of Medicine, Bachelor of Surgery (MBBS) 
program. Admission to the program is based on individual 
merit and leadership potential, with no discrimination for 
gender, religion, or ethnicity. Candidates with a minimum 
score of 60% in Higher Secondary Science Certificate (HSSC) 
and/or a minimum of B grade in advanced-level (A-level) biol-
ogy, physics, and chemistry in the British education system are 
eligible to apply online from across the globe. A total of 100 
students are selected on the bases of a written test, interview, 
record of a co-curricular and extracurricular activities, and 
reference letters. A deliberate attempt is made to select stu-
dents from diverse educational and economic backgrounds. 
Financial assistance is also available for motivated students. 
The study cohort comprised of n = 71 students 15 of them 
having an HSSC background while 56 with A-level qualifi-
cations. A written and informed consent was sought from all 
the participants. All enrolled students were given a prelim-
inary test in order to obtain the baseline level of MR com-
petency using Vandenberg and Kuse Mental Rotations Test 

(Vandenberg and Kuse, 1978). Then, the study participants 
were randomly divided into two experimental groups by using 
Research Randomizer software (Urbaniak and Plous, 2013).  
Students selected for MR Training were labeled as “Cases” 
(n = 35) and received the intervention i.e., a short training 
while the untrained group was labeled as “Controls” (n = 36) 
and did not receive any such training. Both the groups were 
homogenized on basis of age, gender, and baseline MR com-
petency test results, therefore comprised of an equal propor-
tion of males and females as well as those with high and low 
MR ability.

At the Aga Khan University, first-year undergraduate medi-
cal education comprises of seven modules (Table 1). The whole 
class is simultaneously taken through the same modules at one 
point in time. By the time they reach the last module, they have 
covered the major organ systems that are part of their curric-
ulum. The multisystem module is placed at the end of the year 
and consists of overarching concepts that impacts more than 
one system such as septicemia, genetic syndromes, autoimmune 
disorders, etc.

Table 1. 

Summary of the Anatomy Teaching Hours During First and Second Year of Undergraduate Medical Education at Aga Khan University

Modules
Duration 
(weeks)

Large 
Class 

Format 
(hours)

Embryology 
(hours)

Problem 
Based 

Learning 
(hours)

Microscopy 
(hours)

Dissection 
(hours)a

Tutorial 
(hours)

Total 
(hours)

First year

Introductory 4 1.5 2.5 10 2 – – 20

Blood 4 – 3 14.5 1.5 – – 23

Inflammation 
and neoplasia

4 – 3 14.5 2.5 – – 24

GIT, nutrition 
and metabolism

6 6.5 2.5 21.5 9.5 3.5 2 51.5

Respiration and 
circulation

7 4.5 3 26.5 4 8 – 45

Renal 4 3.5 1.5 14 1.5 4 – 28.5

Multisystem I 3 1.5 – 12 – – – 16.5

Second year

Musculoskeletal 6 12.5 1.5 21.5 2 24 4.5 72

Neurosciences 8 15 2 24 – 7 4 60

Head and neck 5 6 1.5 19 2 15.5 – 49

Endocrine and 
reproduction

6 4 2.5 23.5 13 4.5 – 53.5

Immunology 
and infectious 
disease

6 1 – 22.5 3 – – 32.5

Multisystem II 3 – – 9 2 – – 14

aFor these dissection sessions, the class was divided onto two groups and each session was conducted twice: GIT, gastrointestinal tract.
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Mental Rotation Training Workshop

A day-long MR training workshop was conducted for the 
selected students (Cases), on August 13, 2016. On the day 
of MR training workshop, 29 out of 35 students showed up 
and were trained accordingly. However, 4 of these trained 
students later dropped out of the study due to personal rea-
sons. As a result, data of 25 students were included as part 
of the “trained” group that received intervention. In order 
to assess the baseline levels of the participants, a pretest was 
conducted at the beginning of this session, which comprised 
of two sections; generic section and medical domain-specific 
section. The scores as well as the time taken to complete 
these tasks were monitored separately for both the genders. 
Next, they were briefly introduced to the concept of multiple 
intelligence including spatial skills. The usefulness of the MR 
ability was explained with the evidence of its role in STEM 
education.

For the generic section of training, participants were 
engaged in diverse activities included online games (Labranche 
et al., 2014) offered by free websites such as Tetris (2018), 
SharpBrains (2010), and Cambridge Brain Science (2018). 
As the literature suggest that MR training is domain specific 
(National Research Council, 2006), additional activities were 
incorporated based on rotation of human body, its organs and 
tissues in various directions. Tasks were specifically designed 
for the student to apply their MR abilities in order to experi-
ence in-depth orientation of the body structures. Brief scenarios 

were provided to the trainees that encouraged them to imag-
ine specific organs in a certain position. This was followed 
by the hands-on practice using 3D software to visualize the 
internal structures. The aim of this training was to establish a 
platform where participants learn to mentally rotate an organ 
and predict its structure when viewed from different planes and 
dimensions. Sample questions from both the sections have been 
shared in Figure 1.

The workshop was conducted by the investigators along 
with research associates. At the end of this workshop, the same 
questionnaire comprising of MCQs was offered as a post-test 
to obtain the practice effect of the intervention on the level 
of MR competency. The Kendalls tau B test was applied on 
the knowledge test administered to the study participants. The 
Kendalls tau B score was 0.79 that depicted a strong correla-
tion and validity.

Students’ feedback regarding this session was sought via 
questionnaire based on a Likert scale. Their preference for 
strategies to mentally rotate an object was also collected via a 
form adopted from the literature after seeking permission from 
the author (Peters et al., 1995).

The untrained group served as controls as they were not 
invited to the workshop in August, 2016. Once data were 
collected from them as controls, this group received a similar 
delayed intervention (MR workshop) at the end of the study 
project (November, 2016) in order to maintain equal opportu-
nity for all the students to avail from MR training as an ethical 
practice.

Teaching Session

Six weeks after the workshop, a large class format (LCF) 
teaching session was organized spanning two hours during 
the Multisystem-I module. This session was conducted 
jointly for both the groups’, i.e., MR trained and untrained. 
On the day of the lecture, controls (n = 36) were joined by 
an additional 6 students, finally constituting a cohort of n 
= 42 students in the “untrained/control” group. Sixty-seven 
students in total attended this session (25 trained and 42 
untrained) where MCQ-based pre-test was conducted to 
analyze the utility of MR training by comparison of the 
scores of trained and untrained group. During this session, 
clinical scenarios based on concepts of functional anatomy 
pertaining to gastro-intestinal tract, cardiovascular, respira-
tory, and renal system were taught via 3D visualization soft-
ware titled Human Anatomy Atlas from Visible Body (2018). 
A post-test was conducted to assess the gain of knowledge 
while studying via 3D visualization software (example ques-
tions are provided in supplementary materials). Difficulty 
index was calculated for the test with a mean score of 71.23. 
A majority of the questions were C2 level according to the 
Blooms taxonomy.

The response rate for the questionnaire administered to 
assess students’ perception regarding the workshop as well as 
the lecture was 100% for the cohort. A reliability analysis was 
carried out on the perceived task values scale comprising ten 
items for the lecture and six items for the training workshop. 
Cronbach’s alpha showed the questionnaire to reach accept-
able reliability, α = 0.811 and α = 0.814, respectively. All items 
appeared to be worthy of retention, resulting in a decrease in 
the alpha if deleted.

A schematic flow of events in the experiment is depicted as 
Figure 2.

Figure 1. 

 Sample of multiple choice questions used during the training workshop.
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Statistical Analysis

Data were stored and analyzed using the SPSS statistical pack-
age, version 21.0. (IBM Corp. Armonk, NY). Means with 
standard deviation were reported for the time taken in test 
and total scores. In order to compare the effect workshop, 
paired sample t-test was applied on the scores of pre- and 
post-tests. Furthermore, to compare the effect of learning 
from 3D software in the lecture, independent sample t-test 
was applied. The data collected from the lecture were also 
investigated using multivariate generalized linear model (Split 
plot ANOVA) to compare the effect of learning on the MR 
trained and untrained group. Kendall’s tau B and Cronbach’s 
alpha were calculated. The effect size for performance of the 
cohorts with and without training was calculated by Cohen’s 
d test. Students’ feedback was reported as frequencies. Bar 
chart and mean plots were used to display the means of the 
parameters. In all instances, P-values less than 0.05 was con-
sidered as significant.

RESULTS
Although, 71 students gave a written consent to participate 
in the study, data of 67 students have been included in this 
analysis who participated from the beginning until the end. 
The mean age of the study participants was 18.85±2.02 years. 
Out of n = 25 MR trained participants, 11 male and 14 female 
comprised the Case group; whereas out of n = 42 controls, 22 
where male and 20 females.

Analysis of the Mental Rotation Training 
Workshop

Table 2 presents the mean scores of participants attend-
ing the MR training workshop. A significant increase (P = 
0.017) in the performance of the trainees was observed as 
their mean scores improved from 25.56±4.37 to 27.92±4.35 
(from 73.02% to 79.77%). Likewise, the total time taken to 
complete these tasks was reduced from 20.9±3.9 minutes to 
12.2±4.4 minutes (P < 0.001). Male participants scored higher 
than females in all the components of MR training (P = 0.016) 
(Table 3).

The students’ feedback regarding usefulness of MR train-
ing workshop has been summarized in Figure 3. They strongly 
recommended the incorporation of 3D visualization software 
as part of curriculum delivery. Regarding the preferences of the 
workshop participants, the majority of them reported use of 
multimodal strategies while mentally rotating an object. These 
responses are summarized in a supplementary table.

Analysis of the Teaching Session (Large Class 
Format) with Incorporation of 3D Visualization 
Software

In the teaching session, the impact of learning via 3D software 
was analyzed by paired t test as summarized in Table 4. A sub-
stantial improvement was noticed in the performance of both 
the groups as indicated by an improvement in the post-test 
scores. The trained group scored 82.3% in the post-test which 
was significantly higher than their pre-test scores of 60.0%. 
Likewise, post-test scores of the untrained group significantly 
improved to 70.2% from their pre-test scores of 52.0%.

Next, two-independent sample t test was applied to ana-
lyze the differences in the lecture scores of the MR trained 
and untrained group. In the pre-test trained group scored 
higher than the untrained group (P < 0.001), similarly the 
post-test performance of the trained group was also observed 
to be significantly higher than the untrained group (P < 
0.001). The effect size using Cohen’s d measure between the 
untrained and trained group was obtained as 1.57 and 1.33 
by, respectively.

In order to further evaluate the usefulness of 3D software 
application and have a better insight of the learning, Mixed-
design (split-plot) analysis of variance (ANOVA) was applied to 
compare the impact on knowledge gained within each group. 
The analyses suggested that although there was a significant 
difference in the pre- and post-test scores of the two groups, 
both groups reported similar trends in overall improvement of 
the scores by means of learning via 3D software (Fig. 4). The 
test within-subject effects was not significant (P = 0.373), sug-
gesting similar learning effect on trained as well as untrained 
participants while being taught via 3D software.

Figure 2. 

 Schematic representation of flow of events from recruitment through training.
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The students’ feedback regarding usefulness of this software 
application is presented in Figure 5. A vast majority reported 
this learning tool as an effective means of instruction, superior 

to plastic models for visualization of internal structures and 
worth facilitating retention of the core knowledge of anatom-
ical structures. Thus 89% students either strongly agreed or 

Table 3. 

Comparison of Free Online Game Scores of Tetris and Mental Rotation Test Between the Genders

Game Sex N
Game points  
mean (±SD) P-value

Tetris Males 12 4186.70 (±6235.80) 0.0025a

Females 13 1735.71 (±1544.60)

Cambridge Brain  
Science rotation  
task

Males 12 52.40 (±48.34) 0.79

Females 13 47.85 (±34.48)

aP-value obtained using independent sample t-test.

Table 2. 

Comparison of Mean Scores of Participants Attending the Mental Rotation (MR) Training Workshop

Parameters

Pre-test Post-test

P-valuemean (±SD) mean (±SD)

Scores of generic tasks (out of 24) 18.0 (±4.50) 19.44 (±3.80) 0.013a

Scores of domain-specific task (out of 11) 7.56 (±1.79) 8.48 (±1.71) 0.071

Total score (out of 35) 25.56 (±4.37) 27.92 (±4.35) 0.017a

Total time taken for generic tasks 
(minutes)

11.13 (±2.63) 6.63 (±2.11) <0.001a

Total time taken for domain specific tasks 
(minutes)

9.79 (±3.03) 5.54 (±3.15) <0.001a

Total time taken (minutes) 20.92 (±3.90) 12.17 (±4.40) <0.001a

aP-value obtained using paired sample t-test; number of participants (n = 25).

Figure 3. 

Figure 3.

Feedback of the students regarding usefulness of mental rotation (MR) training workshop (n = 25). Data presented as mean and standard deviation for each item on 
the questionnaire. Students scored each question based on a five-point Likert scale where 1 = strongly disagree and 5 = strongly agree.
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agreed for incorporation of technology-assisted learning tools 
in the curriculum delivery. Selected comments have been listed 
below.

•	 Visualization software gave an opportunity to explore de-
tailed structures from inside out that is the true essence of 
anatomy learning instead of rote memorization of these 
relations

•	 This application should be available to practice during our 
self-studies so that we may augment the bookish knowledge 
to visualization of the structures

•	 I could see even behind and inside the organs but it will take 
time to grasp the learning from the software as I was lost 
whenever the positions were hurriedly changed

•	 This software made anatomy as a whole much more 
interesting

•	 It really helped except for the fact that when isolated por-
tions were focused, I got lost. The structures should be la-
beled each time the frame is changed

•	 Today, I have retained the knowledge about the arteries 
and the veins, especially their relations which I could never 
grasp from lectures or pictures

•	 It really helped clarify the relationship of different struc-
tures in the context of their neighboring organs. Should be 
added to the current resources for teaching anatomy

•	 Dissecting layer by layer helped me built a clear concept 
of the arrangement of the structures. As functional anat-
omy critically depends on this arrangement, 3D tool greatly 
helped in this visualization

•	 I believe that visual memory is more long lasting, hence the 
software really helped me. However, it should be used for 
small group teaching to minimize distractions

•	 This is a more comprehensive way of learning anatomy. 
Once we have learned the body anatomically, building up 
further understanding of pathophysiology will become 
much more practical

DISCUSSION
This study gathers supporting evidence in favor of educational 
effectiveness of the 3D visualization software on anatomy 
learning during undergraduate medical education. This visu-
alization software adds value to the already existing pedago-
gies for learning anatomy particularly across students with 
diverse mental rotation abilities.

In this study, participants selected for MR training work-
shop broadened their concepts regarding spatial intelligence. 
This workshop emphasized the role of MR in acquisition of 
the core knowledge of anatomical sciences. These trainees 
practiced MR skills using freely available online games and 
a significant improvement in their performance scores was 
observed at the end of the training session (Table 3). This is 
in line with the literature that reports a positive impact of MR 
training on the prior ability of an individual, however as it is 
domain specific, enhancement is only observed while mentally 
rotating precise structures (Sims and Mayer, 2002). Therefore, 
in addition to Tetris and other mental rotation games, the 
participants practiced rotation of internal body structures, 
placement in specific positions, and manipulation in particular 
directions in order to gain exposure of domain-specific MR. 
They were encouraged to practice their own preferable styles of 
MR rather than acquiring newer skills to mentally rotate any 
particular structure. At the end of the training, an improvement 
was observed in both; the general MR skills as well as medical 
domain-specific skills (via 3D software) in addition to less time 

Table 4. 

Measuring the Effect of Mental Rotation Training on Pre- And Post-test Scores of The Lecture Session Delivered With Assistance of 
3D Software

Variable Parameter
Test Score  

Mean % (±SD) P-value
Effect Size  
Cohen’s d

Untrained group (n = 42) Pre-test 52.0 (±6.6) 0.005a 1.57

Post-test 70.2 (±7.9)

Trained group (n = 18) Pre-test 60.0 (±5.1) 0.002a 1.33

Post-test 82.3 (±6.0)

aP-value calculated by paired students t-test, inferring difference between pre-test and post-test performance within each group.

Figure 4. 

Estimated marginal means of learning. Multivariate generalized linear model 
reporting no difference in the learning outcomes of the students when taught 
with the assistance of 3D software application (P = 0.373). The blue line (round 
heads) represents the mental rotation (MR) trained group and the red line (square 
heads) reports untrained group; aP < 0.001.
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taken to complete the tasks (Table 2). The study participants 
individually practiced rotation tasks on the software as the lit-
erature suggests that direct manipulation of virtual structures 
facilitates embodiment of the anatomical structure better than 
passive visualization (Jang et al., 2017). Moreover, Lufler and 
colleagues reported students’ pre-existing visual-spatial ability 
as a reliable predictor of their performance in medical gross 
anatomy and further concludes that participation in medical 
gross anatomy itself does increases students’ visual–spatial 
ability in the long run, though the mechanism behind this 
phenomenon remain unknown (Lufler et al., 2012). However, 
Kopp and Rathmell cautiously suggests that instead of utilizing 
MR assessment for admissions to medical schools, its assess-
ment should be used to identify learners that may benefit from 
additional practice with different types of learning experiences 
as they reported the visuo-spatial abilities as a predictor of 
technical performance of medical students on ultrasound tasks 
(Kopp and Rathmell, 2015).

Neuroscientists have explored numerous scientific mecha-
nisms behind spatial ability (Tosto et al., 2014). Research on 
this aspect reveals individual differences in the ability to adap-
tively choose and use external visual–spatial representations for 
any task (Hegarty et al., 2007). In line with these studies, the 
workshop participants reported individual variation in adopt-
ing multiple methods while mentally rotating various objects. 
Thus, it is of utmost importance to acknowledge this diversity 
in order to avoid demolition of one’s natural MR ability while 
training them to spatially rotate.

The participants of MR training endorsed the gains in their 
ability to imagine internal structures that could not be directly 
visualized on the surface of the body. Hence, students who 
received the training agreed that it enabled better conception 
of clinical and applied anatomy. Likewise, prior knowledge of 
MR techniques was stated to augment their ability to utilize 
the 3D visualization software. This software was rated better 

than the anatomical plastic models as the participants’ learn-
ing was stimulated when grounded with holistic visualization. 
Literature already supports the significance of improved MR 
test performance, use of visualization software and their associ-
ation with anatomy learning which is essential for the training 
of well informed and competent clinician (Hoyek et al., 2009).

Meta-analysis published on the effect of computer aided 
instructions in the field of anatomy reports a moderately posi-
tive effect on learner performance while measuring short-term 
knowledge gains as the learning outcome (Wilson et al., 2019). 
The assistive roles of latest technologies such as computer-as-
sisted software, 3D-printers, mobile pop-up facility, Google 
Glass and augmented reality seems to be a productive elabora-
tion to already existing anatomy teaching pedagogies (Nguyen 
et al., 2012; Lewis et al., 2014; Trelease, 2016).

Subsequently, this study explored the effectiveness of learn-
ing via 3D software application for students with or without 
MR training. The large class format was conducted at the end 
of the first year, where functional anatomy of gastro-intesti-
nal, cardiovascular, respiratory and renal system was revisited 
using anatomy software (Visible Body, 2018). This session 
was conducted for the students with prior exposure to learn-
ing of anatomy via PowerPoint (Microsoft Corp., Redmond, 
WA) presentations and dissection laboratory sessions utilizing 
plastic models and cadaveric specimens. The baseline students’ 
knowledge was reflected by the scores of the pretest designed 
to evaluate anatomical knowledge aspects that required spatial 
learning. The students with prior MR training scored signifi-
cantly higher than the untrained group, providing evidence of 
the impact of MR training. This impact is supported by the 
evidence particularly for those with lower spatial abilities on 
the learning science, technology, engineering, and mathematics 
as well as surgery and anatomy (Roach et al., 2019). In this 
study, higher learning of students who received prior MR train-
ing was evident by their scores, further supporting the existing 

Figure 5. 

Feedback to 3D mental rotation large class format (LCF) student’s engagement questionnaire. The responses are shown as bars with standard deviation. Students scored 
each question based on a five-point Likert scale where 1 = strongly disagree and 5 = strongly agree.
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evidence (McManus et al., 2003). During this interactive LCF, 
students were engaged to learn via 3D visualization software 
for the first time during medical education where they applied 
the structural knowledge in the context of clinical correlates. 
Regarding the post-test results of the LCF, in comparison to 
the untrained group, the MR-trained students scored higher as 
expected (Table 4). Interestingly, both the groups significantly 
improved their scores in comparison to their pre-test, support-
ing the usefulness of teaching via 3D software (P = 0.002 and 
P = 0.005). It was observed that the trend of gain in the scores 
was comparable between the MR trained and the untrained 
group, supported by a non-significant difference in the learning 
effect (P = 0.373). Learning via 3D software application led 
to similar performance gain among students with or without 
prior MR training and thus different levels of MR abilities. 
Berney and colleagues have also shown the impact of using 3D 
models to support spatial difficulties encountered with tradi-
tional static learning; however, they did not assess the baseline 
MR ability of their students (Berney et al., 2015). The global 
upward trend of adopting educational technologies both in 
the preclinical as well as clinical training is evident by the sup-
porting literature as it leads to enhanced learning experience 
of the students (Han et al., 2013). Resources such as human 
plastinated specimens, visualization software and simulators 
are found to improve the preparedness of medical students 
before they actually examine the real human body in clinical 
education (McLachlan et al., 2004; Fruhstorfer et al., 2011). 
This study further adds to the existing literature and provides 
scientific evidence of the usefulness of augmenting currently 
available resources with 3D visualization software.

Humans are born with spatial intelligence that exhibit gen-
der variance; males reporting a higher level of MR ability than 
females (National Research Council, 2006). Likewise during 
the MR training workshop, the male participants outperformed 
the females as demonstrated by higher scores and reduced time 
taken to complete the tasks. However, the use of 3D software 
during the LCF led to homogenous learning in both the gen-
ders as no difference was observed in the test scores of male 
and female students. These results support the literature high-
lighting the usefulness of 3D visualization applications across 
diverse population (Khot et al., 2013; Lim et al., 2016).

Contrary to these findings, there are conflicting reports 
on the effectiveness of computer-based educational resources 
(Khot et al., 2013), as well as the role of MR trainings and spa-
tial intelligence. Sweeney and his group suggested a cautious 
use of spatial ability to predict teaching of anatomy in their 
study. He compared a series of tests of spatial ability to the 
anatomy examination scores in biomedical sciences course and 
observed weak association (Sweeney et al., 2014). Furthermore, 
a recent meta-analysis comprehensively discussed a non-signif-
icant association of spatial intelligence with MCQs or essay-
type assessment; however, it reported strong association with 
practical examination (Langlois et al., 2017). As the practical 
component involves synthesis of information from 2D to 3D 
views such as evaluating cross-sections, spatial competencies 
play an important role while on the other hand; multiple choice 
or short essay type questions often deal with the non-spatial 
component of the anatomy learning. This meta-analysis pro-
vides a meaningful explanation for the reasons behind the con-
flict in the literature regarding the relationship between spatial 
intelligence and functional anatomy as there is strong associa-
tion with the spatial components of anatomy while non-con-
vincing reports for the concepts that involve non-spatial 
components. Besides, influence of addition of 3D and digital 

teaching tools to a traditional dissection and lecture learning 
format in a graduate level course of gross and neuro-anatomy 
has also been documented (Peterson and Mlynarczyk, 2016). 
This finding endorses the incremental contributions of technol-
ogy-assisted learning not only in undergraduate curriculum but 
across the field of anatomical sciences.

Overall, the perception of the study participants regard-
ing the level of visualization via such software in the LCF 
was encouraging. However, besides the positive impact of the 
use of 3D technology, approximately 26% study participants 
reported that learning via such software was overwhelming for 
them. As they were experiencing it for the first time, building 
up concepts while the structures are being constantly manip-
ulated seemed challenging. Although the Generation Z are 
assumed to be enormously tech-friendly (Hope, 2018), adop-
tion to technology enhanced learning tools should be a gradual 
process. This could be either built in small group teaching ses-
sions or could be arranged as self-guided practice. It is essential 
to recognize that the teaching methodologies are being aug-
mented with these tools; the core aim should be to maximize 
learning instead of mere addition of technology. Therefore, stu-
dents should be provided with sufficient time to adapt to newer 
pedagogies especially before engaging such tools in assessment 
strategies.

A report published by The National Research Council in 
2006 claims that spatial intelligence is not just under-supported 
but under-appreciated, under-valued, and therefore under-in-
structed (National Research Council, 2006). Although, medi-
cal educators are incorporating numerous technology-assisted 
learning tools, there is a lack of evidence to support their role 
in achieving long-term learning outcomes. As the learner of 
today’s world learns differently, adoption of latest teaching 
tools have become a necessity. These tools allow better visual-
ization of the content and are suggested to profoundly impact 
one’s learning. This study is an effort to highlight the impact 
of such visualization applications on the learning of students 
including those with lower MR abilities. This evidence creates 
an additional support for incorporation of computer-assisted 
tools to maximize learning outcomes in medical education.

Limitations of the Study

The limitations of this study include the inability to compare 
the impact of training and use of 3D software on long-term 
retention of the knowledge. The summative examination 
scores of the trained and untrained groups could not be com-
pared due to ethical limitations; hence, these results may not 
be generalized for the gains of using 3D software on long term 
retention of the knowledge. Secondly, in addition to mental 
rotation, spatial skills include multiple domains such as spa-
tial visualization and spatial perception; however this study 
only assessed the impact of MR training and learning with 
3D software on students with different MR abilities. Another 
limitation is the study population that exclusively comprised 
of first year students, limiting the findings to only certain 
group of learner. Further effort is required to expand such 
experiments across all the levels of medical education in order 
to gather holistic evidence of its role in not only pre-clerkship 
years but during clinical clerkship.

CONCLUSION
Mental rotation domain of the spatial thinking abili-
ties improve through training that can be used to augment 
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anatomy learning. As the latest technologies promote multi-di-
mensional visualization, software based on 3D technologies is 
effective tools in addition to the already existing teaching ped-
agogies of anatomy learning. As technology-assisted teaching 
tools will play a pivotal role in the future, professional devel-
opment of the facilitators to utilize such tools require equivo-
cal consideration.
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