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Abstract

Background: Medica students often have difficulty achieving a conceptual understanding of 3-dimensional (3D) anatomy,
such as bone alignment, muscles, and complex movements, from 2-dimensional (2D) images. To thisend, animated and interactive
3-dimensional computer graphics (3DCG) can provide better visual information to users. In medical fields, research on the
advantages of 3DCG in medical education isrelatively new.

Objective: To determine the educational effectiveness of interactive 3DCG.

Methods: We divided 100 participants (27 men, mean (SD) age 17.9 (0.6) years, and 73 women, mean (SD) age 18.1 (1.1)
years) from the Heal th Sciences University of Mongolia(HSUM) into 3DCG (n = 50) and textbook-only (contral) (n = 50) groups.
The control group used a textbook and 2D images, while the 3DCG group was trained to use the interactive 3DCG shoulder
model in addition to a textbook. We conducted a questionnaire survey via an encrypted satellite network between HSUM and
Tokushima University. The questionnaire was scored on a 5-point Likert scale from strongly disagree (score 1) to strongly agree
(scoreb).

Results: Interactive 3DCG was effective in undergraduate medical education. Specifically, there was a significant difference
in mean (SD) scores between the 3DCG and control groupsin their response to questionnaireitems regarding content (4.26 (0.69)
vs 3.85 (0.68), P = .001) and teaching methods (4.33 (0.65) vs 3.74 (0.79), P < .001), but no significant difference in the Web
category. Participants also provided meaningful comments on the advantages of interactive 3DCG.

Conclusions: Interactive 3DCG materials have positive effects on medical education when properly integrated into conventional
education. In particular, our results suggest that interactive 3DCG is more efficient than textbooks alone in medical education
and can moativate students to understand complex anatomical structures.

(Interact J Med Res 2012;1(2):€2) doi: 10.2196/ijmr.2172
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technology has influenced the medical profession during the
last decade and will continue to make advances. For example,

The Internet has become a social platform where millions of ~ 3-dimensional (3D) presentation of information is being
health consumers access and share health information [1]. One  Increasingly used in medical education and health care [3].

such medium, eHealth [2], has brought about improvementsin M odern human anatomy pedagogy includes cadaver dissection,
public health and the health care system. Medical information  multimedia presentations, practical procedures, surface and
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clinica anatomy, and radiological imaging [4]. Cadaver
dissectionisthe standard method of learning anatomy and allows
for ahaptic understanding of 3D anatomical structures[5,6] but
is expensive and time consuming [ 7], and curriculum hoursfor
anatomy decrease yearly [8,9]. The current trend in medical
education is to achieve anatomical understanding in less time
by using information and communication technology.
Information and communication technology can approximate
human anatomy and motion through 3-dimensional computer
graphics models (3DCG), but achieving realistic anatomy and
motion is more difficult.

Students often have difficulty achieving aspatial understanding
of 3D anatomy from 2-dimensional (2D) images and text. This
can increase cognitive load and hinder anatomy learning for
studentswith poor spatial skills[10-13]. 3DCG models promise
to overcome many of these educational challenges. Mayer’'s
cognitive theory of multimedia learning states that students
learn best by using both images and words in an electronic
learning environment [14-16]. 3DCG visually provides semireal
information to users, thus enabling them to understand the
content easily, and the interactivity of 3DCG content improves
comprehension. 3DCG animation and interactive 3DCG have
been developed at several ingtitutions [17,18]. Kobayashi et al
reported that it was easier and more accurate to explain details
of surgery using 3DCG animation than 2D illustrations[19]. In
addition, methods have been developed that enable users to
make highly specialized 3DCG content on the Web [20].

This study was conducted by researchers at the Heal th Sciences
University of Mongolia (HSUM) and the University of
Tokushima, Japan. We chose a high-speed satellite
communication network because the Internet has not completely
spread to rural areas of Mongolia, which is the fifth-largest
country in Asiawith 2.6 million people (as of 2007). Mongolia
has clear skies and annual precipitation as low as 200 mm per
year, creating ideal conditionsfor satellite communication. Our
study was selected by the Ministry of Internal Affairs and
Communications of Japan as an experimental application for
data collection and as a developmental application for satellite
communication authorized by the Association of Radio
Industries and Businesses for Japan [21].

Improvements in personal computer performance have led to
an increase in the development of 3DCG content. The use of
3DCG models has advantages over traditional anatomy
instruction methods; however, their development and adoption
are time consuming and costly. Thus, new educational
information and communi cation technol ogy instruction methods
are needed. To this end, we aimed to determine the educational
effectiveness of interactive 3DCG using an interactive 3DCG
shoulder model.

Methods

Development of the Interactive 3DCG Model

We selected the shoulder for this experiment given its
anatomical complexity and because it is considered one of the
most difficult jointsfor medical studentsto understand in human
anatomy. The Department of Anatomy and Developmental
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Neuraobiology, University of Tokushima carefully examined
anatomical accuracy, such astherelative spatial relationship of
each structure, at every development stage to ensure that our
interactive 3DCG model swould be of high quality and accurate
(see Multimedia Appendix 1).

The process of model creationisnot trivial. We built the models
in LightWave 3D (NewTek, Inc., San Antonio, TX, USA) and
exported them as object files to Blender (an open source 3D
program; blender.org, Amsterdam, the Netherlands). Blender
was used to generate clean U and V space texture maps for the
models. The model swere then sent back to LightWave as object
files. We created the textures in Photoshop (Adobe Systems
Incorporated, San Jose, CA, USA) from photo references,
applied them to U and V space maps in LightWave 3D, then
exported them in Filmbox format and imported them into
Unity3D [22]. Shoulder movements were added in LightWave
and exported as Filmbox animation data. Once the model and
animation data were imported into Unity3D, we wrote scripts
to allow interaction with the models. Unity’s workflow allows
swapping of models if changes have been made in LightWave
3D. Theinitia animation of shoulder movement was quiterigid,
S0 we used a motion capture system to achieve more natural
motion.

Motion Capture System

We used the Vicon MX motion capture system (Vicon Motion
Systems, Oxford, United Kingdom) at Tokushima University
Hospital [23]. Mation capture data were collected at 150 Hz
using anear-infrared (780 nm) passive 8-camerasystem (Vicon
MX T20; Vicon Motion Systems). A 3D position sensor
captured the reflected rays of 9.5 mm diameter reflective
markers. Nexus 1.4.1 (Vicon Motion Systems) software recorded
3D positions of the markers and extracted vector data. We took
screenshots of the motion capture vector data and then moved
the shoulder to match those screenshots for each part of the
motion. We correlated the skeleton to the visual data, taking
screenshots of data over time. This process improved the
smoothness of shoulder movements.

3DCG Model User Interface and Textbook

The menu for the 3DCG interactive manipulation tools on the
left side of the screen has two functional components: one for
anatomy and the other for shoulder movements, with labeling
ability in English or Japanese. Figure 1 showsthe 3DCG of the
area surrounding the shoulder and the terminol ogy of each part
on the upper right corner. Figure 2 shows the movements of the
shoulder bones and upper extremity. Several important
movements are available, including elevation, depression,
retraction, protraction, flexion, extension, vertical abduction,
vertical adduction, horizontal abduction, and horizontal
adduction. Both views allow the user to zoom in and out, and
to focus on a region of interest. Users are also able to quickly
rotate or move to a specific angle such as anterior, lateral, and
posterior. To study specific anatomical regions, thetool enables
usersto select single or multiple objects and hide them or make
them semitransparent. We also developed an original textbook
for this study. To provide a suitable condition for comparison,
we replaced the black and white figures traditionally used in
lectures at HSUM, which were drawn from a standard
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anatomical viewpoint, with a new textbook based on 3DCG
images selected from the interactive 3DCG system. We
reproduced 34 images (anterior, lateral, posterior, and other
views with appropriate angle and magnitude for evaluation)
from the 3DCG shoulder modelsin gif format for the textbook
and added appropriate text to explain the images.

We used Wideband InterNetworking engineering test and
Demonstration Satellite for the communication system, which
was jointly developed by the Japan Aerospace Exploration
Agency and the Nationa Institute of Information and
Communications Technology of Japan. A small antenna1.2 m
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in diameter receives up to 155 Mbps of data and transmits up
to 6 Mbps, while an antenna approximately 5 m in diameter
enables 2-way communication up to 1.2 Gbps [24]. For our
study, the Japan Aerospace Exploration Agency allocated
reception bands from 1.31 Mbps to 1.38 Mbps for the uplink
connection, and from 15.0 Mbpsto 20.7 Mbpsfor the downlink
connection. The link was encrypted using an Internet Protocol
Security virtual private network based on a Cisco ASA 5505
router (Cisco Systems Inc., San Jose, CA, USA) provided by a
joint research project with Mitsubishi Electric Information
Network Corporation (Figure 3).

Figurel. Anatomical view of the 3-dimensional computer graphic showing the shoulder area.
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Figure2. Movement view of the 3-dimensional computer graphic of the shoulder bones and upper extremity.
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Figure 3. Network architecture.
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Round-trip time is the signal delay between the University of
Tokushimaand HSUM viathe satellite network and the I nternet.
Theround-trip time was between 1499.3 msand 643.8 ms, with
an average of 729.6 ms. The congestion window is a
Transmission Control Protocol parameter that regul atesthe send
window. The congestion window of Windows XP ranges from
16 KB in default to 64 KB. Therefore, the maxi mum throughput
available in the Transmission Control Protocol is 0.795 Mbps,
which is used for Hypertext Transfer Protocol. However, the
actual throughput value was 0.384 Mbps or less.

Web-Based L earning M anagement System

All activity associated with the course was hosted on a
Linux-based server running the Apache Web server (Apache
Software Foundation, Los Angeles, CA, USA), the PostgreSQL
database server (PostgreSQL Global Development Group,
http://www.postgresgl.org/), and the CentOS operating system
(CentOS Project, http://www.centos.org/). Our proprietary
learning management system (LMS) alowed us to create a
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course website with a unique log-in password and ID for each
student. We developed the interactive 3DCG model, textbook,
and questionnaires, and embedded them into this LMS. These
componentswere used for the rel ated experimental section. We
applied Java Web applications for the system and adopted
Unity3D for the 3DCG container, which is an integrated 3D
platform for 3D games and interactive content on the Web.

Study Design

Figure 4 showsthe study design. All participantswho had taken
anatomy classes and finished cadaver dissection 3 months
previously received a brief introduction to the LM S before the
experiment. The study was conducted over a 1-week period.
We divided participantsinto a3DCG group and atextbook-only
(contral) group. The control and 3DCG groups were also given
instructions on how to use the textbook, and the 3DCG group
was given additional training to manipulate the interactive
3DCG model. Each participant received a 1-hour training
session. Finally, all participants completed a questionnaire on
theLMS.
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Figure 4. Study design. 2D = 2-dimensional, 3DCG = 3-dimensional computer graphics, HSUM = Health Sciences University of Mongolia.
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Statistical Analysis

Statistical analysiswas performed using SPSS (version 16.0 for
Windows; IBM Japan Inc., Tokyo, Japan). We conducted both
the independent-samplest test and the Mann-Whitney U test to
compare the two groups, with P < .05 defined as statistically
significant. The internal consistency coefficient (Cronbach
alpha) was calculated for both groups.

Table 1. Gender distribution in the two study groups (n = 100).

Results

Participants

A total of 100 first-year medical students (27 men and 73
women; Table 1) from HSUM volunteered, gave informed
consent to participatein the study, and were randomly assigned
to either the 3DCG group (n = 50) or the control group (n =50).
The mean age of participants was 18.1 (SD 1.1) years (men:
17.9 (SD 0.6) years, women: 18.1 (SD 1.1); range 16-25 years).
Participants were freshmen at HSUM and were instructed in
practical computer skillsfor half a semester (64 hours).

3DCG?group Control group
Gender (n=50) (n=50)
Male 13 14
Female 37 36

@3-dimensional computer graphics.
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e-Learning Questionnaire

The questionnaire had 24 items grouped into four categories:
content (3 items), teaching methods (6 items), Web (3 items),

Battulgaet d

and 3DCG model interface (12 items). Each item was scored
based on a 5-point Likert scale: strongly agree (score 5), agree
(score 4), neutral (score 3), disagree (score 2), and strongly
disagree (score 1).

Table 2. Questionnaire scores for content, teaching methods, and Web items (n = 100).

Questionnaire item Response Mean
Strongly Agree Neutral Disagree Strongly scoré
agree disagree

Q1 The content is useful. 30 51 19 0 0 411

Q2 The content is easy to read and understand. 19 55 22 4 0 3.89

Q3 The content is well formatted and well designed. 25 52 21 2 0 4.00

Q4 The support for my study is effective. 31 52 17 0 0 414

Q5 This teaching method can improve my knowledge. 27 59 13 1 0 412

Q6 This teaching method can help my learning. 27 53 19 1 0 4,06

Q7 This teaching method motivates me when | learn. 38 40 18 4 0 4.12

Q8 This teaching method gives me enough time in the 24 40 26 9 1 3.77

lesson.

Q9 Thislesson is appropriate for my learning demand. 31 43 25 1 0 4,04

Q10 The webpage is attractive. 25 58 15 1 1 4.05

Q11 The screen designis clear. 26 53 18 2 1 4,01

Q12 The menu is easy to use. 25 57 17 0 1 4.05

Table 2 shows that mean scores ranged from 3.77 to 4.14. For
each item, 19%—-38% of participants responded strongly agree,  disagree. Asaresult, 64%—-86% of participants responded either
40%59% responded agree, 13%—26% responded neutral,

Table 3. Questionnaire scores for the 3-dimensional computer graphics (3DCG) model interface (n = 50).

0%—-9% responded disagree, and 0%—1% responded strongly

strongly agree or agree to each item.

Questionnaire item Response Mean
Strongly Agree Neutral Disagree Strongly score
agree disagree

The interface for interacting with the 3D®content is

Q13  accessible. 17 26 7 0 0 4.2

Q14  Thevolumeof informationinthe 3D moduleisappro- 15 26 8 1 0 41

priate.

Q15 | am satisfied with the 360° rotation of the model. 32 17 1 0 0 4.62

Q16 | am satisfied with the selection menu. 13 35 2 0 0 4.22

Q17 | am satisfied with the show-and-hide function. 21 20 9 0 0 4.24

Q17 | am satisfied with the transparent and opaque function. 13 30 7 0 0 412

Q19 | am satisfied with the zoom function. 29 18 3 0 0 4.52

Q20 The screen size is appropriate. 11 26 13 0 0 3.96

Q21 | am satisfied with clicking the mouse to show 29 20 1 0 0 4.56

anatomical terminology.

Q22 | am interested in 3DCG. 33 14 3 0 0 4.6

Q23 | am satisfied with the movement menu. 26 21 3 0 0 4.46

Q24  The3DCG content is of high quality. 18 31 1 0 0 4.34

a3-dimensional.
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Table 3 shows that mean scores for the 3DCG module range
from 3.96 to 4.62. For each item, 22%—66% responded strongly
agree, 28%—70% responded agree, 2%6—26% responded neutral,
and 0%-1% responded disagree. None of the participants

Battulgaet d

responded strongly disagree to the statements. Overall,
74%—-98% of the participants responded either strongly agree
or agree. The reliability of the entire questionnaire was
acceptable (Cronbach alpha=.902).

Table 4. Comparison of mean (SD) questionnaire scores® between 3-dimensional computer graphics (3D G) and control groups.

Category Questionnaire item 3DCG group Control group P vaue
The content is useful. 4.34(0.63) 3.88 (0.69) .001°
The content is easy to read 3.90 (0.70) 3.88(0.80) 97
and understand.
The content iswell formatted

Content and well designed. 4.18 (0.75) 3.82 (0.69) 01°
The support for my study is
effective. 4.36 (0.63) 3.92 (0.66) .001°
Thisteaching method canim-
prove my knowledge. 4.40 (0.61) 3.84 (0.58) <.001°
Thisteaching method can
help my learning. 4.28 (0.64) 3.84(0.71) .002°
This teaching method moti-
vates mewhen | learn. 4.52 (0.58) 3.72 (0.88) <.001°
Thisteaching method gives
meenoughtimeinthelesson. 4.14 (0.70) 3.40 (1.03) <.001°
Thislesson is appropriate for

Teaching methods my learning demand. 4.32(0.71) 3.76 (0.74) <.001°
The webpage is attractive. 4.26 (0.56) 3.84(0.82) .006°
The screen design is clear. 4.10(0.61) 3.92(0.92) 45

Web The menu is easy to use. 4.14 (0.61) 3.96 (0.81) .29

a5.point Likert scale from strongly disagree (score 1) to strongly agree (score 5).

b Significant difference (Mann-Whitney U test).

Table 4 and Figure 5 present the mean (SD) scores. Table 4
compares scores between the 3DCG and control groupsfor each
item. The 3DCG group scores ranged from 3.90 (SD 0.70) to
4.52 (SD 0.58), and control group scoresranged from 3.40 (SD
1.03) to 3.96 (SD 0.81). Differences in learning motivation
scoreswerethelargest, with the 3DCG group giving an average
score 0.8 higher than the control group. Participants’ comments
on the advantages of using theinteractive 3DCG mode! included
“very interesting,” “redlistic,’ “saved time’ “more
understandable,” “amazing movements,” and “clarity.” There
were also some comments regarding disadvantages, such asthe
necessity for “muscle movement,” “more detailed anatomy,”

http://www.i-jmr.org/2012/2/e2/
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and “larger screen size,” which would require compilation to
change the frame size.

Combined scores for the three categories are shown in Figure
5. There was a significant difference between the 3DCG and
control groups for content (4.26 (SD 0.69) vs 3.85 (SD 0.68);
P = .001) and teaching methods (4.33 (SD 0.65) vs 3.74 (SD
0.79); P <.001). No significant difference was found between
the groups in the Web category. The mean score for male
participants was higher than that of femal e participants, except
for Q11 (Figure6). Therewas no significant difference between
men and women for Q1-Q8 and Q10-Q12, but the difference
for Q9 was significant.
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Figure5. Mean scores of the 3-dimensional computer graphics (3DCG) and control groups for the three main categories. LM S = learning management

system, n.s. = not significant.

p<.001
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Figure 6. Questionnaire scores by gender.
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Discussion the 3DCG group included Unity3D-based material, while

In this study, we investigated the educational effectiveness of
using an interactive 3DCG model as a supplement to
conventiona learning methods. Our results show that the
interactive 3DCG model is effective in undergraduate medical
education and can enhance the motivation of medical students.
We employed an LM S with two kinds of content. Content for
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content for the control group included only text and 2D images.

Responses of al participants (n = 100) on common questionnaire
items in three categories are presented in Table 2. Items QL1,
Q4, Q5, and Q7 had the highest scores, while scoresfor Q2 and
Q8 were relatively low. Strongly agree responses were
particularly high for items Q1, Q4, Q7, and Q9. Disagree and
strongly disagree comprised less than 10% of all questionnaire
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item responses. Theseresultsindicate that participants generally
accepted the LMS, although they may require more time to
acclimate to the new learning system.

Table 3 shows that 11 items out of 12 had mean scores higher
than 4. The relatively low scores for screen size of the 3DCG
may be due to the small size of the Unity framework, which
has a fixed size of 950 x 534 pixels. Participants indicated a
high interest in the 3DCG model and were satisfied with the
360° rotation, zooming function, ability to show terminology,
and movement of the shoulder joint.

Table 4 shows significant differences in 9 out of 12 items.
Scores are significantly different for 2 items in the content
category. However, there was no difference for Q2, which was
expected because textbook images were selected and copied
from the 3DCG shoulder models. Q2 also has one of the worst
scores in Table 2 and is particularly low compared with other
scores in the 3DCG group (Table 4), which could be due to the
fact that participants were not accustomed to operating the
interactive 3DCG. We believe that participants in the 3DCG
group accepted the interactive 3DCG because they found it to
be effective and motivating, and it satisfied their learning
demands. The significant differencefor item Q10 indicatesthat
evaluation of the LMS depends on content quality, such as
interactive 3DCG, which attracts interest. The mean score of
the 3DCG group (4.26), which is higher than that of the control
group (3.84), indicates a strong interest in 3DCG and the
necessity of the interactive component, including functions for
scaling, changing perspectives, and movement. Thismay derive
from the need to be appropriately positioned to view specific
anatomical structures for better comprehension. The 3DCG
group gave high scores for items in the teaching methods
category, and particularly high scores on items addressing
usefulness of content, demonstrating that students desired a
better way to view specific anatomical structures. Garg et al
[25] investigated the usefulness of computer-mediated
anatomical 3D reconstructionsin anatomical learning and found
that learners with low visuospatial ability performed worse on
an anatomical knowledge test following the multiple-view
condition than following the key view. They also concluded
that the key view isimportant for understanding 3DCG that has
many dominants, which indicate the region of concern of users.
On the basis of their key view theory, learners using an
interactive 3DCG model that was made for acrucial anatomical
site, such as the shoulder, could naturally select any important
key views themselves for better understanding of the specific
anatomical region. The spontaneous, easy, and unburdened way
of searching in key view may promote student learning, while
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textbooks provide a restricted viewpoint. The significantly
different scores in the teaching methods category suggest that
participantsin the 3DCG group felt the 3ADCG model motivated
their learning, improved their knowledge, and was effective for
studying. Moreover, the model satisfied their learning demands
and was helpful for self-study. There were no significant
differences in scores for items regarding the design and menu
in the Web category because the screens were the same. This
might strengthen the validity of the responses provided by the
two groups.

Comments from participants also suggested that interactive
3DCG increased the motivation to learn a large number of
anatomical structuresand clarified anatomy. Students generally
dislike memorizing many names and learning the complexity
of nerves and blood vessels and how joints move, in a short
period of time. Scores of male participants tended to be higher
than scores of female participants. Some research has revealed
that women have higher computer anxiety [26] and lesslearning
emphasis, strategy [27], computer self-efficacy, perceived
usefulness, perceived ease of use, and behavioral intention to
use e-learning [28]. Scores on Q9 showed that women had
significantly lower learning demands. Men and women should
have similar learning attitudestoward 3DCG anatomical content,
as shown in these reports. They are also required to acquire
terminology that must be remembered, although memorization
isdifficult in alimited time frame.

Some studies have attempted to evaluate the effectiveness of
learning tools. Findings include that animated visual tools are
more effective than static visual tools [29], the use of 3D
animation leads to better topographica and theoretical
understanding [30], 3D multimedia software has a positive
impact on dental education [31], and 3D surgical simulators
[32] and 3D larynx models [33] can enhance student learning
through increased motivation. Our findings are consistent with
these reports. Another study [34] showed that 2D visualization
was superior to 3D visualization inimproving the understanding
of organic molecule structures, but scores for the 2D and 3D
groupsweresimilar. Thereport stressed that better resultswould
be achieved under conditions of greater familiarity with 3D. A
limitation of our study isthat we assessed | earning effectiveness
using the 3DCG model only by questionnaire. We have not
measured the outcome of anatomical understanding.

We conclude that interactive 3DCG materials have positive
effects on medical education when properly integrated into
conventional education. In particular, the interactive 3DCG
motivated participants to understand a complex anatomical
structure.

Acknowledgments

We would like to thank the Japan Manned Space Systems Corporation, Professor Yoshihiro Fukui and Hiromi Sakata, MD, at
the University of Tokushima Graduate School Department of Anatomy and Developmental Neurobiology, Professor Natsuki
Yasui and Shinjiro Takata at the Tokushima University Hospital Department of Orthopedics, and Professor Tserenkhuu

Lkhagvasuren at the Health Sciences University of Mongolia.

Conflictsof Interest
None declared.

http://www.i-jmr.org/2012/2/e2/

Interact JMed Res 2012 | vol. 1 |iss. 2| €2 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Battulga et al

Multimedia Appendix 1
Examples of screenshots and pictures of the web-based learning management system and development of the interactive 3D CG.

[PPTX File, 869K B-Multimedia Appendix 1]

References

1.

Eysenbach G. Medicine 2.0: socia networking, collaboration, participation, apomediation, and openness. J Med Internet
Res 2008;10(3):e22 [FREE Full text] [doi: 10.2196/jmir.1030] [Medline: 18725354]

2. Eysenbach G. What is e-health? JMed Internet Res 2001;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20] [Medline:
11720962]

3. Marks SC. Therole of three-dimensional information in health care and medical education: the implications for anatomy
and dissection. Clin Anat 2000;13(6):448-452. [doi: 10.1002/1098-2353(2000)13:6<448::A1D-CA10>3.0.CO;2-U] [Medline;
11111898]

4.  Sugand K, AbrahamsP, KhuranaA. Theanatomy of anatomy: areview for its modernization. Anat Sci Educ 2010;3(2):83-93.
[doi: 10.1002/ase.139] [Medline: 20205265]

5. Turney BW. Anatomy in amodern medical curriculum. Ann R Coll Surg Engl 2007 Mar;89(2):104-107. [doi:
10.1308/003588407X 168244] [Medline: 17346399

6.  Collins JP. Modern approaches to teaching and learning anatomy. BMJ 2008;337:a1310. [Medline: 18782839]

7.  McLachlan JC, Patten D. Anatomy teaching: ghosts of the past, present and future. Med Educ 2006 Mar;40(3):243-253.
[doi: 10.1111/j.1365-2929.2006.02401.X] [Medline: 16483327]

8.  Cottam WW. Adequacy of medical school gross anatomy education as perceived by certain postgraduate residency programs
and anatomy course directors. Clinical Anatomy 1999;12(1):55-65. [doi:
10.1002/(SICI)1098-2353(1999)12:1<55::AlD-CA8>3.0.C0;2-0O] [Medline: 9890730]

9. DrakeRL, McBride JM, Lachman N, PawlinaW. Medical education in the anatomical sciences. the winds of change
continue to blow. Anat Sci Educ 2009;2(6):253-259. [doi: 10.1002/ase.117] [Medline: 19890982]

10. GargAX, Norman G, Sperotable L. How medical studentslearn spatial anatomy. The Lancet 2001 Feb 3;357(9253):363-364.
[doi: 10.1016/S0140-6736(00)03649-7] [Medline: 11211004]

11. McLachlan JC, Bligh J, Bradley P, Searle J. Teaching anatomy without cadavers. Med Educ 2004 Apr;38(4):418-424. [doi:
10.1046/j.1365-2923.2004.01795.x] [Medline: 15025643]

12. Levinson AJ, Weaver B, Garside S, McGinn H, Norman GR. Virtual reality and brain anatomy: a randomised trial of
e-learning instructional designs. Med Educ 2007 May;41(5):495-501. [doi: 10.1111/j.1365-2929.2006.02694.x] [Medline:
17470079]

13.  Huk T. Who benefits from learning with 3D models? The case of spatial ability. JComput Assist Learn 2006;22:392-404.
[doi: 10.1111/j.1365-2729.2006.00180.X]

14. Mayer RE, Heiser J, Lonn S. Cognitive constraints on multimedia learning: when presenting more material resultsin less
understanding. J Educ Psychol 2001;93(1):187-198. [doi: 10.1037//0022-0663.93.1.187]

15. Mayer RE. The promise of multimedialearning: using the sameinstructional design methods across different media. Learn
Instruct 2003;13(2):125-139. [doi: 10.1016/S0959-4752(02)00016-6]

16. Mayer RE. Multimedia Learning. 2nd edition. Cambridge: Cambridge University Press; 2009.

17. Silén C, Wirdll S, Kvist J, Nylander E, Smedby O. Advanced 3D visualization in student-centred medical education. Med
Teach 2008 Jun;30(5):e115-e124. [doi: 10.1080/01421590801932228] [Medline: 18576181]

18. Stull AT, Hegarty M, Mayer RE. Anatomy learning with virtual objects. In: Cognitive Shape Processing. 2010 Presented
at: AAAI 2010 Spring Symposium; Mar 22-24, 2010; Stanford, CA. USA p. 39-44 URL.: http://www.spatial -cognition.de/
CSP/Stull.pdf

19. Kobayashi M, NakgiimaT, Mori A, Tanaka D, Fujino T, Chiyokura H. Three-dimensional computer graphics for surgical
procedurelearning: Web three-dimensional application for cleft lip repair. Cleft Palate Craniofac J2006 May;43(3):266-271.
[doi: 10.1597/04-009.1] [Medline: 16681399]

20. Warren W, Brinkley JF. Knowledge-based, interactive, custom anatomical scene creation for medical education: the
Biolucida system. AMIA Annu Symp Proc 2005:789-793. [Medline: 16779148]

21. Kizuna(WINDS) Experiment Promotion Page.: Japan Aerospace Exploration Agency; 2008. URL: http://winds-ets8.jaxa.jp/
winds/en/index.html [accessed 2011-10-02] [WebCite Cache ID 628PrawZD]

22.  Unity 3. Unity Technologies. 2011 URL: http://unity3d.com/unity/ [accessed 2011-10-02] [WebCite Cache D 628PNTZZI]

23.  ViconMX System. Vicon Motion Systems. 2012 URL: http://www.vicon.com/products/viconmx.html [accessed 2011-10-02)
[WebCite Cache ID 628PcwTIV]

24.  Japan Aerospace Exploration Agency. WINDS: Wideband InterNetworking Engineering Test and Demonstration Satellite
“KIZUNA" URL: http://www.jaxa.jp/pr/brochure/pdf/04/sat07.pdf [accessed 2011-10-03] [WebCite Cache I D 629j1X Sxb]

25. Garg AX, Norman GR, EvaKW, Spero L, Sharan S. Isthere any real virtue of virtua reality?: the minor role of multiple
orientations in learning anatomy from computers. Acad Med 2002 Oct;77(10 Suppl):S97-S99. [Medline: 12377717)

http://www.i-jmr.org/2012/2/e2/ Interact JMed Res 2012 | vol. 1 |iss. 2| e2 | p. 11

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=ijmr_v1i2e2_app1.pptx&filename=35bcd855b276aa0cae631333af1f3381.pptx
https://jmir.org/api/download?alt_name=ijmr_v1i2e2_app1.pptx&filename=35bcd855b276aa0cae631333af1f3381.pptx
http://www.jmir.org/2008/3/e22/
http://dx.doi.org/10.2196/jmir.1030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18725354&dopt=Abstract
http://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
http://dx.doi.org/10.1002/1098-2353(2000)13:6<448::AID-CA10>3.0.CO;2-U
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11111898&dopt=Abstract
http://dx.doi.org/10.1002/ase.139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20205265&dopt=Abstract
http://dx.doi.org/10.1308/003588407X168244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17346399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18782839&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2929.2006.02401.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16483327&dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1098-2353(1999)12:1<55::AID-CA8>3.0.CO;2-O
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9890730&dopt=Abstract
http://dx.doi.org/10.1002/ase.117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19890982&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(00)03649-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11211004&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2923.2004.01795.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15025643&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2929.2006.02694.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17470079&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2729.2006.00180.x
http://dx.doi.org/10.1037//0022-0663.93.1.187
http://dx.doi.org/10.1016/S0959-4752(02)00016-6
http://dx.doi.org/10.1080/01421590801932228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18576181&dopt=Abstract
http://www.spatial-cognition.de/CSP/Stull.pdf
http://www.spatial-cognition.de/CSP/Stull.pdf
http://dx.doi.org/10.1597/04-009.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16681399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16779148&dopt=Abstract
http://winds-ets8.jaxa.jp/winds/en/index.html
http://winds-ets8.jaxa.jp/winds/en/index.html
http://www.webcitation.org/

                                                628PrawZD
http://unity3d.com/unity/
http://www.webcitation.org/

                                                628PNTZZl
http://www.vicon.com/products/viconmx.html
http://www.webcitation.org/

                                                628PcwTlV
http://www.jaxa.jp/pr/brochure/pdf/04/sat07.pdf
http://www.webcitation.org/

                                                629jIXSxb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12377717&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Battulga et al

26.

27.

28.

29.

30.

31.

32.

33.

Broos A. Gender and information and communication technologies (ICT) anxiety: male self-assurance and femal e hesitation.
Cyberpsychol Behav 2005 Feb;8(1):21-31. [doi: 10.1089/cpb.2005.8.21] [Medline: 15738690]

Ausburn L. Gender and learning strategy differencesin nontraditional adult students' design preferencesin hybrid distance
courses. JInteract Online Learn 2004;3(2):1-17 [FREE Full text]

Ong CS, Lai JY. Gender differencesin perceptions and relationships among dominants of e-learning acceptance. Comput
Human Behav 2006;22:816-829. [doi: 10.1016/j.chb.2004.03.006]

LinH, Dwyer FM. The effect of static and animated visualization: a perspective of instructional effectiveness and efficiency.
Educ Tech Res Dev 2009;58:155-174. [doi: 10.1007/s11423-009-9133-X]

Prinz A, Bolz M, Findl O. Advantage of three dimensional animated teaching over traditional surgical videos for teaching
ophthalmic surgery: arandomised study. Br J Ophthalmol 2005 Nov;89(11):1495-1499 [FREE Full text] [doi:
10.1136/bj0.2005.075077] [Medline: 16234460]

Hu J, YuH, Shao J, Li Z, Wang J, Wang Y. Effects of Dental 3D Multimedia System on the performance of junior dental
studentsin preclinical practice: areport from China. Adv Health Sci Educ Theory Pract 2009 Mar;14(1):123-133. [doi:
10.1007/s10459-007-9096-9] [Medline: 18214704]

Hariri S, Rawn C, Srivastava S, Youngblood P, Ladd A. Evaluation of a surgical simulator for learning clinical anatomy.
Med Educ 2004 Aug;38(8):896-902. [doi: 10.1111/j.1365-2929.2004.01897.x] [Medline: 15271051]

Hu A, Wilson T, Ladak H, Haase P, Fung K. Three-dimensional educational computer model of the larynx: voicing a new
direction. Arch Otolaryngol Head Neck Surg 2009 Jul;135(7):677-681. [doi: 10.1001/archoto.2009.68] [Medline: 19620589]
Oke OK, Alam GM. Comparative evaluation of the effectiveness of 2 and 3D visualizations in students understanding of
structures of organic molecules. Int J Phys Sci 2010;5(5):605-611 [FREE Full text]

Abbreviations

2D: 2-dimensional

3D: 3-dimensional

3DCG: 3-dimensional computer graphics
HSUM: Health Sciences University of Mongolia
LMS: learning management system

Edited by G Eysenbach; submitted 14.05.12; peer-reviewed by R Farfan; comments to author 11.06.12; revised version received
22.06.12; accepted 25.06.12; published 09.07.12

Please cite as:

Battulga B, Konishi T, Tamura Y, Moriguchi H

The Effectiveness of an Interactive 3-Dimensional Computer Graphics Model for Medical Education
Interact J Med Res 2012;1(2):e2

URL: http://Mmww.i-jmr.org/2012/2/e2/

doi: 10.2196/ijmr.2172
PMID: 23611759

©Bayanmunkh Battulga, Takeshi Konishi, Yoko Tamura, Hiroki Moriguchi. Originally published in the Interactive Journal of
Medical Research (http://www.i-jmr.org/), 09.07.2012. Thisis an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Interactive Journal of Medical Research, isproperly
cited. The complete bibliographic information, alink to the original publication on http://www.i-jmr.org/, aswell asthis copyright
and license information must be included.

http://www.i-jmr.org/2012/2/e2/ Interact JMed Res 2012 | vol. 1 |iss. 2| e2 | p. 12

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1089/cpb.2005.8.21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15738690&dopt=Abstract
http://ncolr.org/jiol/issues/pdf/3.2.6.pdf
http://dx.doi.org/10.1016/j.chb.2004.03.006
http://dx.doi.org/10.1007/s11423-009-9133-x
http://bjo.bmj.com/cgi/pmidlookup?view=long&pmid=16234460
http://dx.doi.org/10.1136/bjo.2005.075077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16234460&dopt=Abstract
http://dx.doi.org/10.1007/s10459-007-9096-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18214704&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2929.2004.01897.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15271051&dopt=Abstract
http://dx.doi.org/10.1001/archoto.2009.68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19620589&dopt=Abstract
http://www.academicjournals.org/ijps/PDF/pdf2010/May/Oke%20and%20Alam.pdf
http://www.i-jmr.org/2012/2/e2/
http://dx.doi.org/10.2196/ijmr.2172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23611759&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

